
International Congress on
SUSTAINABLE AGRICULTURE

March 01-03, 2024 / Iğdır University, Türkiye

EDITORS
Prof. Dr. Mehmet Hakkı Alma

Prof. Dr. Sefa ALTIKAT

ISBN: 978-625-367-661-2



INTERNATIONAL CONGRESS ON 

SUSTAINABLE AGRICULTURE 

 

March 01-03, 2024 

Iğdır University, Türkiye 

 

 

EDITORS 

Prof. Dr. Mehmet Hakkı Alma 

Prof. Dr. Sefa ALTIKAT 

 

 

All rights of this book belong to 

IKSAD Publishing House Authors are responsible both ethically and jurisdically 

IKSAD Publications - 2024© 

Issued: 25.03.2024 

 

 

ISBN - 978-625-367-661-2 



 

CONGRESS TITLE 

INTERNATIONAL CONGRESS ON SUSTAINABLE AGRICULTURE 

 

DATE AND PLACE 

March 01-03, 2024 

Iğdır University, Türkiye 

 

ORGANIZATION 

IKSAD INSTITUTE 

IĞDIR UNIVERSITY 

NAKHCHIVAN STATE UNIVERSITY 

ARTVIN ÇORUH UNIVERSITY 

 

EDITORS 

Prof. Dr. Mehmet Hakkı Alma 

Prof. Dr. Sefa ALTIKAT 

 

PARTICIPANTS COUNTRY (17 countries) 

TÜRKİYE, AZERBAIJAN, IRAN, MOROCCO, TURKISH REPUBLIC OF NORTHEM 

CYPRUS, BANGLADESH, INDIA, PAKISTAN, ETHIOPIA, NIGERIA, BULGARIA, 

UKRAINE, JAPAN, PORTUGAL, SPAIN, MALAYSIA, GEORGIA 

 

Total Accepted Article: 160 

Total Rejected Papers: 43 

Accepted Article (Türkiye): 78 

Accepted Article (Other Countries): 82 

 

 

ISBN - 978-625-367-660-5 



Congress website: www.iksadkongre.com/sustainable 

INTERNATIONAL CONGRESS ON 

SUSTAINABLE AGRICULTURE 
 March 01-03, 2024 / Iğdır University, Türkiye  

 

 
     
 

25.03.2024 

REF: Akademik Teşvik 

 

İlgili makama; 
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farklı ülkenin (Türkiye 78 bildiri- Diğer ülkeler 82 bildiri) akademisyen/araştırmacılarının 
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dışında en az beş farklı ülkeden sözlü tebliğ sunan konuşmacının katılım sağlaması ve tebliğlerin 
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Önemli, Dikkatle Okuyunuz Lütfen 

 Kongremizde Yazım Kurallarına uygun gönderilmiş ve bilim kurulundan geçen bildiriler için online (video 

konferans sistemi üzerinden) sunum imkanı sağlanmıştır. 

 Online sunum yapabilmek için https://zoom.us/join sitesi üzerinden giriş yaparak “Meeting ID or Personal Link 

Name” yerine ID numarasını girerek oturuma katılabilirsiniz. 

 Zoom uygulaması ücretsizdir ve hesap oluşturmaya gerek yoktur. 

 Zoom uygulaması kaydolmadan kullanılabilir. 

 Uygulama tablet, telefon ve PC’lerde çalışıyor. 

 Her oturumdaki sunucular, sunum saatinden 5 dk öncesinde oturuma bağlanmış olmaları gerekmektedir. 

 Tüm kongre katılımcıları canlı bağlanarak tüm oturumları dinleyebilir. 

 Moderatör – oturumdaki sunum ve bilimsel tartışma (soru-cevap) kısmından sorumludur. 

 

Dikkat Edilmesi Gerekenler - TEKNİK BİLGİLER 

 Bilgisayarınızda mikrofon olduğuna ve çalıştığına emin olun. 

 Zoom'da ekran paylaşma özelliğini kullanabilmelisiniz. 

 Kabul edilen bildiri sahiplerinin mail adreslerine Zoom uygulamasında oluşturduğumuz oturuma ait ID 

numarası gönderilecektir. 

 Katılım belgeleri kongre sonunda tarafınıza pdf olarak gönderilecektir. 

 Kongre programında yer ve saat değişikliği gibi talepler dikkate alınmayacaktır. 

 

 

Important, Please Read Carefully 

 To be able to attend a meeting online, login via https://zoom.us/join site, enter ID “Meeting ID or Personal 

Link Name” and solidify the session. 

 The Zoom application is free and no need to create an account. 

 The Zoom application can be used without registration. 

 The application works on tablets, phones and PCs. 

 The participant must be connected to the session 5 minutes before the presentation time. 

 All congress participants can connect live and listen to all sessions. 

 Moderator is responsible for the presentation and scientific discussion (question-answer) section of the 

session. 

 

Points to Take into Consideration - TECHNICAL INFORMATION 

 Make sure your computer has a microphone and is working. 

 You should be able to use screen sharing feature in Zoom. 

 Attendance certificates will be sent to you as pdf at the end of the congress. 

 Requests such as change of place and time will not be taken into consideration in the congress program. 

 

*** 
Zoom'a giriş yapmadan önce lütfen örnekteki gibi salon numaranızı, adınızı ve soyadınızı belirtiniz 

Before you login to Zoom please indicate your hall number, name and surname 

exp. H-5, Radmila Janičić



 
 

 
 

FACE TO FACE PRESENTATIONS 

01.03.2024 / SESSION-1 

 
ANKARA LOCAL TIME 

 

IĞDIR UNIVERSITY, KARAAĞAÇ CAMPUS 

15. Temmuz Şehitler Conference Hall 

 
13 00 : 14 50 

HEAD OF SESSION:  

AUTHORS AFFILIATION TOPIC TITLE 

Mirze GURBANOV 

Fikret SHAKİLİYEV 

Nizami AZİMOV 

Elza MUSAYEVA 

Amelioration Scientific Research 

Institute AZERBAIJAN 

LACK OF WATER IN MODERN 

CONDITIONS, WATER RESOURCES, 

THEIR EFFECTIVELY USE 

Aziza HUSEYNOVA 

Elsevar ASADOV 

Sura RAHIMOVA 

Nakhchivan State University 

AZERBAIJAN 

ANALYSIS OF THE USE OF PROPOLIS 

AND BEE POLLEN IN COSMETOLOGY 

AND PERSPECTIVES OF STUDY IN 

NAKHCHIVAN AUTONOMOUS 

REPUBLIC 

Assoc. Prof. Dr. Hilal GASIMOV 

Assoc. Prof. Dr. Mursel SEYIDOV 

Nakhchivan State University 

AZERBAIJAN 

WILD FOOD PLANTS USED IN THE 

WINTER SEASON AND THEIR SUPPLY 

Akim Axundov 

Sahib Haciyev 

Nakhchivan State University 

AZERBAIJAN 

NATURAL AND ANTHROPOGENIC 

FACTORS AFFECTING SOIL 

FORMATION OF SADAREK 

ADMINISTRATIVE REGIONE 

Shahriyar Guliyev 

Ali Guliyev 

Nakhchivan State University 

AZERBAIJAN 

Akdeniz University TÜRKİYE 

CV DETECTION OF 7 ELEMENTS’ 

DEFICIENCY IN TOMATO BY LEAF 

Mahir MAHARRAMOV 

Behruz MEMMEDOV 

Nakhchivan State University 

AZERBAIJAN 

FAUNA AND ECOLOGY OF WASPS OF 

THE TRIBE CRABRONINI 

(CRABRONIDAE: CRABRONINAE) OF 

NAKHCHIVAN AUTONOMOUS 

REPUBLIC 

  



 
 

 

FACE TO FACE PRESENTATIONS 

01.03.2024 / SESSION-2 

 
ANKARA LOCAL TIME 

 

IĞDIR UNIVERSITY, KARAAĞAÇ CAMPUS 

15. Temmuz Şehitler Conference Hall 

 
15 00 : 16 50 

HEAD OF SESSION: Prof. Dr. Celalettin GÖZÜAÇIK 

AUTHORS AFFILIATION TOPIC TITLE 

Taner ERİK 

Assist. Prof. Dr. Ayça Nur ŞAHİN 

DEMİREL 

Iğdır University TÜRKİYE 

THE CURRENT SITUATION OF 

BUSINESSES PRODUCING FORAGE 

CROPS IN IĞDIR PROVINCE AND 

THEIR IMPORTANCE IN TERMS OF 

LIVESTOCK HUSBANDRY 

Prof. Dr. Celalettin GÖZÜAÇIK 

Agr. Eng. Ayda KONUKSAL 

Agr. Eng. Nazife ARAP 

Dr. Hakan HEKİMHAN 

Iğdır University TÜRKİYE 

Agricultural Research Institute 

TURKISH REPUBLIC OF NORTHEM 

CYPRUS 

Agricultural Research Institute 

TURKISH REPUBLIC OF NORTHEM 

CYPRUS 

Ege Agricultural Research Institute 

TÜRKİYE 

HARMFUL FLY (DIPTERA) SPECIES ON 

BARLEY (HORDEUM VULGARE L.) IN 

NORTHERN CYPRUS 

Prof. Dr. Celalettin GÖZÜAÇIK 

Agr. Eng. Ayda KONUKSAL 

Dr. Hakan HEKİMHAN 

Iğdır University TÜRKİYE 

Agricultural Research Institute 

TURKISH REPUBLIC OF NORTHEM 

CYPRUS 

Ege Agricultural Research Institute 

TÜRKİYE 

BARLEY GENOTYPE PREFERENCES OF 

HESSIAN FLY, MAYETIOLA 

DESTRUCTOR (SAY) (DIPTERA: 

CECIDOMYIIDAE) IN DIFFERENT 

LOCATIONS 

Prof. Dr. Etibar MAMMADOV 

Assoc. Prof. Dr. Mürsel KARABACAK 

Nakhchivan State University 

AZERBAIJAN 

Kayseri University TÜRKİYE 

THE EFFECT OF PREPARATIVE FORMS 

OF ACHILLEA MILLEFOLIUM L. ON 

MONIEZIOSIS OF SHEEP 

Prof. Dr. Dashgin Ganbarov 

Safura Babayeva 

Nakhchivan State University 

AZERBAIJAN 

NUTRITIONALLY IMPORTANT SPECIES 

OF ROSACEAE JUSS FAMILY IN 

MOUNTAIN-XEROPHYTE AND STEPPE 

VEGETATION OF THE NAKHCHIVAN 

AUTONOMOUS REPUBLIC FLORA 

Jabbar Najafov 

Mirmahmud SEYIDLI 

Nakhchivan State University 

AZERBAIJAN 

DAMAGES CAUSED BY 

DREPANOTHRIPS REUTERI IN 

VINEYARDS OF THE NAKHCHIVAN 

AUTONOMOUS REPUBLIC AND 

CONTROL MEASURES 

   



 
 

 

FACE TO FACE PRESENTATIONS 

01.03.2024 / SESSION-3 

 
ANKARA LOCAL TIME 

 

IĞDIR UNIVERSITY, KARAAĞAÇ CAMPUS 

Yunus Emre Lecture Hall 

 
13 00 : 14 50 

HEAD OF SESSION: Assoc. Prof. Dr. Aliihsan ŞEKERTEKİN 

AUTHORS AFFILIATION TOPIC TITLE 

Assist. Prof. Dr. Mehmet Kâzım KARA 

Assist. Prof. Dr. Mücahit KARAOĞLU 
Iğdır University TÜRKİYE 

ANALYSIS RESULTS OF 82 YEARS 

(1940-2021) METEOROLOGICAL DATA 

OF IĞDIR PROVINCE REGARDING 

GLOBAL CLIMATE CHANGE 

Lect. Dr. Emirhan ÖZDEMİR 

Lect. Rüştü ÇALLI 

Lect. Mitat Can YILDIZ 

Assoc. Prof. Dr. Aliihsan ŞEKERTEKİN 

Iğdır University TÜRKİYE 

DEVELOPING A SOLUTION FOR 

DETECTING UNDECLARED 

AGRICULTURAL LANDS IN 

AGRICULTURAL AREAS UNDER THE 

CONTROL OF IRRIGATION UNIONS 

WITH UNMANNED AERIAL VEHICLES 

(UAVS) 

Assoc. Prof. Dr. Aliihsan ŞEKERTEKİN 

Lect. Mitat Can YILDIZ 

Lect. Rüştü ÇALLI 

Lect. Dr. Emirhan ÖZDEMİR 

Iğdır University TÜRKİYE 

DETERMINATION OF DROUGHT 

SEVERITY WITH LANDSAT 8 BASED 

VEGETATION HEALTH INDEX 

Lect. Mitat Can YILDIZ 

Lect. Dr. Emirhan ÖZDEMİR 

Lect. Rüştü ÇALLI 

Assoc. Prof. Dr. Aliihsan ŞEKERTEKİN 

Iğdır University TÜRKİYE 

MONITORING THE WATER SURFACE 

AREA IN PATNOS DAM USED FOR 

AGRICULTURAL IRRIGATION WITH 

SENTINEL-2 SATELLITE IMAGES 

Gencer GÜVERCİN 

Arzu TAŞPINAR ÜNAL 

Nevin ÇANKAYA 

Safiye Elif KORCAN 

Yeditepe University TÜRKİYE 

Iğdır University TÜRKİYE 

Uşak University TÜRKİYE 

Uşak University TÜRKİYE 

DETERMINATION OF THE 

INTERACTION BETWEEN PLANT-

DERIVED CHLOROGENIC ACID AND 

HUMAN LYSOZYME ENZYME (1REX) 

BY MOLECULAR DOCKING METHOD 

Assoc. Prof. Dr. Hakkı AKDENİZ 

Assist. Prof. Dr. İbrahim HOSAFLIOĞLU 
Iğdır University TÜRKİYE 

TURF PERFORMANCES OF SOME 

COOL CLIMATE TURFGRASS SPECIES 

IN SEMI-SHADE AREAS 

Kurban NEDRET 

İsmail ALASERHAT 

Gaziantep Provincial Directorate of 

Agriculture and Forestry TÜRKİYE 

Iğdır University TÜRKİYE 

PISTACHIO BARK BEETLE, Hylesinus 

vestitus Mulsant & Rey (COLEOPTERA: 

SCOLYTIDAE) CAUSES HIGH LOSSES IN 

PISTACHIO 

Lect. Rüştü ÇALLI 

Lect. Dr. Emirhan ÖZDEMİR 

Lect. Mitat Can YILDIZ 

Assoc. Prof. Dr. Aliihsan ŞEKERTEKİN 

Iğdır University TÜRKİYE 

MAPPING AGRICULTURAL PRODUCT 

PATTERN WITH SENTINEL-2 SATELLITE 

IMAGES AND RANDOM FOREST 

ALGORITHM 

 



 
 

 

 

ONLINE PRESENTATIONS 

02.03.2024 / HALL-1 / SESSION-1  
 ANKARA LOCAL TIME: 10 00 - 12 00  

HEAD OF SESSION: Prof. Dr. Sefa ALTIKAT 

AUTHORS AFFILIATION TOPIC TITLE 

Prof. Dr. Mehmet Hakkı ALMA 

Res. Assist. Alperay ALTIKAT 
Iğdır University TÜRKİYE 

EFFECTS OF FEEDSTOCK 

MANAGEMENT ON QUALITY AND 

PRODUCTIVITY IN PELLET 

PRODUCTION 

Prof. Dr. Mehmet Hakkı ALMA 

Res. Assist. Alperay ALTIKAT 
Iğdır University TÜRKİYE 

OPTIMIZATION OF PROCESS 

VARIABLES IN PELLET PRODUCTION 

Lect. Musa KARADAĞ 

Dr. Yunus BAŞAR 

Prof. Dr. Mehmet Hakkı ALMA 

Prof. Dr. İbrahim DEMİRTAŞ 

Assist. Prof. Dr. Fatih GÜL 

Iğdır University TÜRKİYE 

HIGH VALUE ADDED AGRICULTURAL 

PRODUCTS; PHYTOCHEMICAL 

CONTENT OF LAVANDULA 

ANGUSTIFOLIA 

Lect. Musa KARADAĞ 

Dr. Yunus BAŞAR 

Assist. Prof. Dr. Fatih GÜL 

Prof. Dr. Mehmet Hakkı ALMA 

Prof. Dr. İbrahim DEMİRTAŞ 

Iğdır University TÜRKİYE 

HIGH VALUE ADDED AGRICULTURAL 

PRODUCTS; PHYTOCHEMICAL 

CONTENT OF SALVIA HYDRANGEA 

Prof. Dr. Sefa ALTIKAT Iğdır University TÜRKİYE 

THE IMPORTANCE OF CROP 

ROTATION IN NO_TILLAGE AND 

SUSTAINABLE AGRICUTHE ROLE AND 

SIGNIFICANCE OF THE NO-TILLAGE IN 

SUSTAINABLE AGRICULTURAL 

PRODUCTIONLTURE 

Prof. Dr. Sefa ALTIKAT Iğdır University TÜRKİYE 

THE ROLE AND SIGNIFICANCE OF THE 

NO-TILLAGE IN SUSTAINABLE 

AGRICULTURAL PRODUCTION 

Merve Çelik 

Assoc. Prof. Dr. Serdar SARI 

Assist. Prof. Dr. Faruk TOHUMCU 

Iğdır University TÜRKİYE 

EFFECT OF SEWAGE SLUDGE 

APPLICATION ON THE AMOUNT OF 

SOIL LOST BY SURFACE RUNOFF 

Prof. Dr. İbrahim DEMİRTAŞ Iğdır University TÜRKİYE 

VALUE-ADDED PRODUCTS SUCH AS 

CANNABIDIOL AND RELATED 

COMPOUNDS FROM HEMP PULPS: 

FROM HEMP TO MEDICINE 

All participants must join the conference 10 minutes before the session time.  

Every presentation should last not longer than 10-12 minutes.  

Kindly keep your cameras on till the end of the session. 

  



 
 

 

 

ONLINE PRESENTATIONS 

02.03.2024 / HALL-2 / SESSION-1  
 ANKARA LOCAL TIME: 10 00 - 12 00  

HEAD OF SESSION: Prof. Dr. Zeynep Birsu ÇİNÇİN 

AUTHORS AFFILIATION TOPIC TITLE 

Assoc. Prof. Dr. Canel EKE 

Lect. Dr. Reyhan ÖZAYDIN ÖZKARA 
Akdeniz University TÜRKİYE 

DETERMINATION OF THE ELEMENT 

CONTENT OF SOME INORGANIC 

MATERIALS USED IN SOILLESS 

AGRICULTURE 

Prof. Dr. Zeynep Birsu ÇİNÇİN 

Prof. Dr. Soner ŞAHİN 
Nişantaşı University TÜRKİYE 

ENHANCING THE HEALTH BENEFITS 

OF HAZELNUT CREAM THROUGH THE 

INTEGRATION OF GOLDEN 

NANOTECHNOLOGY: A 

SYSTEMATICAL NUTRITIONAL 

ANALYSIS 

Ayşe USANMAZ BOZHÜYÜK 

Melike KARAÇÖL 
Iğdır University TÜRKİYE 

BIOHERBICIDAL EFFECTS OF URTICA 

DIOICA L. (NETTLE) ETHANOL 

EXTRACT ON DIFFERENT WEED SEEDS 

Dr. Mehmet Sait KİREMİT Ondokuz Mayıs University TÜRKİYE 

EFFECT OF MELATONIN ON 

INCREASING LEAF DEVELOPMENT OF 

SWEET CORN SEEDLINGS UNDER 

SALT STRESS CONDITIONS 

MSc. Özlem YÜNCÜ-BOYACI 

Prof. Dr. Fatma Meltem SERDAROĞLU 
Ege University TÜRKİYE 

EXTRACTION OF PROTEIN FROM 

INDUSTRIAL FOOD WASTE AND ITS 

UTILIZATION IN FOOD PRODUCTS 

Fatmanur TURGUT 

Prof. Dr. Fatma Meltem SERDAROĞLU 
Ege University TÜRKİYE 

NON-MEAT INGREDIENTS IN 

RESTRUCTURED MEAT PRODUCTS: 

SUSTAINABLE ALTERNATIVES AND 

INNOVATIVE APPROACHES 

Prof. Dr. Mehmet YILMAZ 

Prof. Dr. Abdullah YEŞİLOVA 

Assoc. Prof. Dr. Ahmet AKKÖPRÜ 

Assoc. Prof. Dr. Evin POLAT AKKÖPRÜ 

Van Yüzüncü Yıl University TÜRKİYE 

THE EFFECT OF ENDOPHYTE 

BACTERIA ON THE POPULATION 

DENSITY OF THE BROAD BEAN APHID 

[Aphis fabae SCOPOLI (HEMIPTERA: 

APHIDIDAE)], FEEDING ON BEAN 

PLANT 

Assist. Prof. Dr. Özlem ÇAKMAKCI 

Assoc. Prof. Dr. Talip ÇAKMAKCI 

Prof. Dr. Suat ŞENSOY 

Van Yüzüncü Yıl University TÜRKİYE 

EFFECT OF BIOCHAR TREATMENT ON 

TOTAL POLYPHENOLIC CONTENT 

AND ANTIOXIDANT CAPACITY OF 

ARUGULA (ERUCA VESICARIA) UNDER 

DEFICIT IRRIGATION WATER 

CONDITIONS 
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02.03.2024 / HALL-3 / SESSION-1  
 ANKARA LOCAL TIME: 10 00 - 12 00  

HEAD OF SESSION: Assoc. Prof. Dr. İsmail ALASERHAT 

AUTHORS AFFILIATION TOPIC TITLE 

Kadriye ÇELIK 

Prof. Dr. Süleyman AVCI 

Eskişehir Osmangazi University 

TÜRKİYE 

EFFECT OF SEAWEED (ASCOPHYLLUM 

NODOSUM) TREATMENTS ON 

GERMINATION AND TURF QUALITY 

IN SOME COOL SEASON GRASS 

Kadriye ÇELIK 

Prof. Dr. Süleyman AVCI 

Eskişehir Osmangazi University 

TÜRKİYE 

EFFECT OF DIFFERENT SEED 

TREATMENTS ON GERMINATION 

AND EMERGENCE CHARACTERISTICS 

OF POA PRATENSIS L. 

Yeşim Nilay ASLAN 

Muharrem YILMAZ 
Ordu University TÜRKİYE 

DETERMINATION OF POMOLOGICAL 

AND MORPHOLOGICAL 

CHARACTERISTICS OF SOME 

BLUEBERRY (Vaccinium corymbosum 

L.) VARIETIES GROWN IN BULANCAK 

OF GIRESUN PROVINCE 

Usman Muhammad Umar 

Zeynep Ünal 

Niğde Ömer Halisdemir University 

TÜRKİYE 

LEVERAGING ARTIFICIAL 

INTELLIGENCE FOR ENHANCED WEED 

IDENTIFICATION AND MANAGEMENT 

Prof. Dr. Mustafa KIZILŞİMŞEK 

Res. Assist. Eylül Nezahat KIZILYAR 

Kahramanmaraş Sütçü İmam 

University TÜRKİYE 

DIFFICULTIES AND SOLUTIONS IN 

SILAGE MAKING OF LEGUME FORAGE 

CROPS 

Dr. Mustafa AKBABA 

Dr. Tuba GENÇ KESIMCI 
Iğdır University TÜRKİYE 

SCREENING OF BIOCONTROL EFFECTS 

OF ENDOPHYTIC ROOT BACTERIA 

AGAINST RHIZOCTONIA SOLANI IN 

POTATO PLANTS 

Assoc. Prof. Dr. İsmail ALASERHAT Iğdır University TÜRKİYE 

INTEGRATED MANAGEMENT OF 

SPOTTED WING DROSOPHILA, 

Drosophila suzukii (Matsumura) 

SITUATION IN TURKEY AND 

WORLDWIDE 

Lect. Elvan KOÇ Artvin Çoruh University TÜRKİYE 

BIBLIOMETRIC ANALYSIS OF 

SUSTAINABLE AGRICULTURE 

ARTICLES 

All participants must join the conference 10 minutes before the session time.  

Every presentation should last not longer than 10-12 minutes.  
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ONLINE PRESENTATIONS 

02.03.2024 / HALL-4 / SESSION-1  
 ANKARA LOCAL TIME: 10 00 - 12 00  

HEAD OF SESSION: Assoc. Prof. Dr. Enzala NOVRUZOVA 

AUTHORS AFFILIATION TOPIC TITLE 

Mirvasif SEYIDOV 
Nakhchivan State University 

AZERBAIJAN 

EFFECT OF BABEZIOSIS ON SHEEP 

PRODUCTIVITY IN NAKHCHIVAN 

AUTONOMOUS REPUBLIC 

Assist. Prof. Dr. Namig Abbasov 

Mursal Seyidov 

Assist. Prof. Dr. Zulfiya Salayeva 

Nakhchivan State University 

AZERBAIJAN 

USAGE PERSPECTIVES OF THE SPECIES 

OF EREMURUS SPECTABILIS M.BIEB. 

(NAKHCHIVAN AUTONOMOUS 

REPUBLIC) 

Akif Mardanlı 

Tofig Aliyev 

Ibrahimova Aynur Masim 

Jamalbeyli Sama Kemal 

Nakhchivan State University 

AZERBAIJAN 

LANDS OF THE PLAIN PART OF 

NAKHCHIVAN AUTONOMOUS 

REPUBLIC 

Fizze KAZIMOVA 
Naxcivan State University 

AZERBAIJAN 
ORGANIC FARMING 

Assoc. Prof. Dr. Enzala NOVRUZOVA 
Nakhchivan State University 

AZERBAIJAN 

SYSTEMATIC ANALYSIS AND 

DISTRIBUTION ZONES OF SPECIES 

INCLUDED IN THE GENUS 

SCLERANTHUS L. IN THE FLORA OF 

NAKHCHIVAN AUTONOMOUS 

REPUBLIC 

Assoc. Prof. Dr. Feride SEFEROVA 

Leylabeyim SEYIDOVA 

Nakhchivan State University 

AZERBAIJAN 

MEASURES TO COMBAT POISONOUS 

PLANTS IN THE PASTURES OF THE 

NAKHCHIVAN AUTONOMOUS 

REPUBLIC 

All participants must join the conference 10 minutes before the session time.  

Every presentation should last not longer than 10-12 minutes.  
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ONLINE PRESENTATIONS 

02.03.2024 / HALL-5 / SESSION-1  
 ANKARA LOCAL TIME: 10 00 - 12 00  

HEAD OF SESSION: Syeda Sabika Zahra Naqvi 

AUTHORS AFFILIATION TOPIC TITLE 

Dr. Malihe JAHANI 

Dr. Mohammad Reza ZARGARAN 

KHOUZANI 

Dr. Sedighe JAHANI 

Shandiz Institute of Higher Education 

IRAN 

Khuzestan University of Agricultural 

Sciences and Natural Resources IRAN 

Tehran Islamic Azad University IRAN 

A REVIEW OF MEDICINAL AND 

NUTRITIONAL PROPERTIES OF 

DUNALIELLA SALINA MICROALGA 

Dr. Malihe JAHANI 

Dr. Mohammad Reza ZARGARAN 

KHOUZANI 

Dr. Sedighe JAHANI 

Shandiz Institute of Higher Education 

IRAN 

Khuzestan University of Agricultural 

Sciences and Natural Resources IRAN 

Tehran Islamic Azad University IRAN 

A REVIEW OF MEDICINAL AND 

THERAPEUTIC USES OF SPIRULINA 

MICROALGA 

Hassane Boudad 

Othmane Lamoumni 

Ouardi Laila 

Mentag Rachid 

El Fazazi Kaoutar 

Abdelmajid Haddioui 

Jamal Charafi 

National Intitute of Agricultural 

Research MOROCCO 

University of Sultan Moulay Slimane 

MOROCCO 

University Cadi Ayyad MOROCCO 

National Intitute of Agricultural 

Research MOROCCO 

PHYSIOLOGICAL ADAPTATIONS OF 

PLANTS TO HAIL: AN ANALYSIS OF 

VARIETIES AND THEIR 

ENVIRONMENTAL RESPONSES 

Sajjadur Rahman 

Md. Mashrur Hossain Rubab 

Mahjabin Prema Payal 

Fuad Hasan Maksud 

Riyan Islam 

Dhaka University BANGLADESH 

NAVIGATING SUSTAINABILITY IN 

URBAN LANDSCAPES: ASSESSING 

ORGANIC FERTILIZER ADOPTION 

AND CHALLENGES AMONG FARMERS 

IN DHAKA REGION, BANGLADESH 

Devamani Mahadevaswamy 

Dhahira Beevi Nagoorgani 

Thimma Reddy H 

Periyar University INDIA 

EXPLORING THE INTERPLAY OF 

MICRONUTRIENTS IN ENHANCING 

TREE MULBERRY GROWTH, YIELD 

AND SERICULTURAL SUCCESS 

ACROSS DIVERSE NUTRIENT 

REGIMENS 

Syeda Sabika Zahra Naqvi 

Syed Mohsan Raza Shah 
University of Education PAKISTAN 

MORPHO-ANATOMICAL 

MODIFICATION IN WITHANIA 

SOMNIFERA (L.) DUNAL FROM 

PUNJAB, PAKISTAN: INSIGHT INTO 

ADAPTATION 

Farzana Iftikhar 

Waqas Ahmad 

The Women University Multan 

PAKISTAN 

Bahauddin Zakariya University Multan 

PAKISTAN 

EVALUATION OF GENETIC DIVERSITY 

AND GENOME FINGERPRINTING OF 

BITTER GOURD GENOTYPES 

(MOMORDICA CHARANTIA) BY 

MOLECULAR MARKER 

SIVASURIYAN K 

AJAYDESOUZA V 

KATHIRAVAN P 

Annamalai University INDIA 

A NOVEL WAY OF 

NANOENCAPSULATION OF 

BIOACTIVE COMPOUNDS FROM 

FRUITS AND VEGETABLES 
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02.03.2024 / HALL-6 / SESSION-1  
 ANKARA LOCAL TIME: 10 00 - 12 00  

HEAD OF SESSION: Dr. Berhanu Bekele 

AUTHORS AFFILIATION TOPIC TITLE 

KATHIRAVAN P 

SIVASURIYAN K 

AJAYDESOUZA V 

Annamalai University INDIA 

UTILIZING HETEROTIC GROUPING TO 

HARNESS THE BENEFITS OF HYBRID 

VIGOR 

Dr. Berhanu Bekele Wachemo University ETHIOPIA 

POULTRY PRODUCTION, GENETIC 

IMPROVEMENT, PROCESSING AND 

UTILIZATION IN ETHIOPIA 

Maria Taj Muhammad 

Nasir Uddin Khan 

Karachi University PAKISTAN 

Jinnah University for women 

PAKISTAN 

CLEAN AND GREEN ENVIRONMENT 

BY USING AGRICULTURAL WASTE 

WITH BETTER CLEANING PROPERTIES 

THAN SYNTHETIC ONES 

Mohamed Jibril Daia Eddine 

Sara Badrouss 

Abderrazak El Harti 

El Mostafa Bachaoui 

Mohamed Biniz 

Hicham Mouncif 

Sultan Moulay Slimane University 

MOROCCO 

CITRUS YIELD ESTIMATION USING 

UAV IMAGERY AND ENHANCED YOLO 

V7 OBJECT DETECTION MODEL 

Sara Badrouss 

Mohamed Jibril Daia Eddine 

Hicham Mouncif 

Mohamed Biniz 

El Mostafa Bachaoui 

Sultan Moulay Slimane University 

MOROCCO 

ENHANCING PLANT SPECIES 

MAPPING THROUGH UAV REMOTE 

SENSING AND DEEP LEARNING: A 

CASE STUDY IN THE HIGH ATLAS 

MOUNTAINS, MOROCCO 

Nora SALIM 

Jamal AABDOUSSE 

Ilias OUSSIF 

Noureddine HAMAMOUCH 

Nadya WAHID 

Sultan Moulay Slimane University 

MOROCCO 

Mohammed V University MOROCCO 

EFFECT OF PROVENANCE ON LEAF 

MORPHOLOGICAL TRAITS AND 

SECONDARY METABOLITE LEVELS IN 

LEAF EXTRACTS OF MYRTLE (MYRTUS 

COMMUNIS L.) IN MOROCCO 

Eptesam AL Zalaei 

Aouatif Benali 

Souad Hajjaji 

Mohammed V University MOROCCO 

Food Technology Laboratory UR PAF, 

CRRA Rabat, INRA MOROCCO 

Mohammed V University MOROCCO 

PHYTOCHEMICAL SCREENING AND 

GC-MS ANALYSIS OF DIFFERENT 

EXTRACTS OF CARALLUMA 

QUADRANGULA FROM YEMEN 

Brahim Sow 

Abdelhalem Mesfioui 

AZEROUAL EMBAREK 

Moulay Larbi Ouahidi 

Ibn Tofail University MOROCCO 

EVALUATION OF THE EFFECTS OF 

ETHANOIC EXTRACTS OF BALANITE 

AEGYPTIACA L’DELILE BARK ON 

BIOCHEMICAL AND 

HAEMATOLOGICAL PARAMETERS IN 

WISTAR RATS 

All participants must join the conference 10 minutes before the session time.  
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02.03.2024 / HALL-1 / SESSION-2  
 ANKARA LOCAL TIME: 12 30 - 14 30  

HEAD OF SESSION: Assist. Prof. Dr. Baris EREN 

AUTHORS AFFILIATION TOPIC TITLE 

Prof. Dr. Ferit ÇOBANOĞLU 

Enver KEN 

Aydın Adnan Menderes University 

TÜRKİYE 

AN APPROACH TO MEASURİNG 

SUSTAINABILITY IN AGRICULTURAL 

PRODUCTION: SMART 

Enver KEN 

Prof. Dr. Ferit ÇOBANOĞLU 

Aydın Adnan Menderes University 

TÜRKİYE 

SUSTAINABILITY OF OILY 

SUNFLOWER PRODUCTION UNDER 

THE IMPORTATION STRANGLEHOLD: 

AN EXAMINATION WITH THE ARDL 

BOUNDS TESTING APPROACH 

Engin KARAFAKIOGLU 

Dr. Yasar SAHIN 

Beykent University TÜRKİYE 

Trabzon University TÜRKİYE 

A SYSTEMATIC REVIEW ON 

DIGITALISATION AND INDUSTRY 5.0 

IN AGRICULTURAL BUSINESSES 

Assist. Prof. Dr. Emine AŞKAN 

Assoc. Prof. Dr. Köksal KARADAŞ 

Agr. Eng. Erdal ÇALIKUŞU 

Iğdır University TÜRKİYE 

Afyonkarahisar Başmakçi District 

Directorate of Agriculture and Forestry 

TÜRKİYE 

SOCIO-ECONOMIC CHARACTERISTICS 

OF BUSINESSES PRODUCING 

GHERKIN (PICKLED CUCUMBER): THE 

CASE OF AFYONKARAHISAR 

PROVINCE 

Assist. Prof. Dr. Mehmet ASLAN 

Assist. Prof. Dr. Esra KOÇ 
Artvin Çoruh University TÜRKİYE 

THE RELATIONSHIP BETWEEN 

AGRICULTURAL PRODUCTION, 

ECOLOGICAL FOOTPRINT, 

INDUSTRIALIZATION AND 

ECONOMIC GROWTH IN TURKEY: 

EXTENDED ARDL METHOD 

İbrahim YILDIZHAN 

Assist. Prof. Dr. Baris EREN 
Iğdır University TÜRKİYE 

INNOVATION PROCESSES OF 

AGRICULTURAL BIOTECHNOLOGY 

and TURKEY MODEL 

İbrahim YILDIZHAN 

Lect. Dr. Hasret ÖZTÜRK PALA 
Iğdır University TÜRKİYE 

AN OVERVIEW OF GENETIC FACTORS 

AFFECTING PRODUCTIVITY IN SHEEP 

Prof. Dr. Mehmet SÜTYEMEZ 
Kahramanmaraş Sütçü İmam 

University TÜRKİYE 

COMPARISON OF PHENOLOGICAL 

AND POMOLOGICAL 

CHARACTERISTICS OF DİRLİŞ AND 

CHANDLER WALNUT VARIETIES 

All participants must join the conference 10 minutes before the session time.  

Every presentation should last not longer than 10-12 minutes.  
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02.03.2024 / HALL-2 / SESSION-2  
 ANKARA LOCAL TIME: 12 30 - 14 30  

HEAD OF SESSION: Prof. Dr. Ramazan ERENLER 

AUTHORS AFFILIATION TOPIC TITLE 

Neslihan BALLI 

Assist. Prof. Dr. İbrahim HOSAFLIOGLU 
Iğdır University TÜRKİYE 

THE EFFECT OF SLOW-RELEASING 

COMPOSITE FERTILIZER ON THE 

GRADE QUALITY ELEMENTS IN BLUE 

GRASS (FESTUCA OVINA L.) UNDER 

ECOLOGICAL CONDITIONS 

Prof. Dr. Ramazan ERENLER 

Assist. Prof. Dr. İbrahim Hosaflioglu 

Research Laboratory Practice and 

Research Center, Iğdır, TÜRKİYE 

Iğdır University TÜRKİYE 

PHYTOCHEMICAL ANALYSIS OF 

MELILOTUS OFFICINALIS 

Prof. Dr. Ramazan ERENLER 
Research Laboratory Practice and 

Research Center, Iğdır, TÜRKİYE 

ANTIOXIDANT ACTIVITY AND 

QUANTITATIVE ANALYSIS OF 

PHENOLIC COTENTS OF ONOBRYCHIS 

VICIIFOLIA 

Assoc. Prof. Dr. Adnan AYDIN Iğdır University TÜRKİYE 
USE OF COTTON SSR MARKERS IN 

BISULFITE SEQUENCING 

Ahmet GÖKKAYA 

Şule GÜZEL İZMİRLİ 

Recep Tayyip Erdoğan University 

TÜRKİYE 

MICROPLASTIC POLLUTION IN 

COMMERCIALLY SOLD ORGANIC TEA 

Res. Assist. Ramazan TOSUN 

Assoc. Prof. Dr. Ali İhsan ATALAY 
Iğdır University TÜRKİYE IN OVO FEEDING METHOD 

Assoc. Prof. Dr. Ali İhsan ATALAY 

Res. Assist. Ramazan TOSUN 
Iğdır University TÜRKİYE 

DETERMINATION OF ALTERNATIVE 

FORAGE POTENTIAL OF SOME 

AUTUMN FALLEN GRAPE FRUIT TREE 

LEAVES 

Ayfer GÜNEY SARITAŞ 

Assoc. Prof. Dr. Ramazan GÜRBÜZ 
Iğdır University TÜRKİYE 

THE INVASIVE THREAT OF TREE OF 

HEAVEN (Ailanthus altissima): 

IMPACTS, CHALLENGES, AND 

MANAGEMENT STRATEGIES 

Assoc. Prof. Dr. Ramazan GÜRBÜZ Iğdır University TÜRKİYE 
COVER CROPS: A SUSTAINABLE 

APPROACH TO WEED MANAGEMENT 

All participants must join the conference 10 minutes before the session time.  

Every presentation should last not longer than 10-12 minutes.  
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ONLINE PRESENTATIONS 

02.03.2024 / HALL-3 / SESSION-2  
 ANKARA LOCAL TIME: 12 30 - 14 30  

HEAD OF SESSION: Assoc. Prof. Dr. Köksal KARADAŞ 

AUTHORS AFFILIATION TOPIC TITLE 

Assoc. Prof. Dr. Emine NAKİLCİOĞLU 

Gizem TİRYAKİ 
Ege University TÜRKİYE 

USE OF ARTIFICIAL INTELLIGENCE IN 

THE FOOD INDUSTRY 

Assoc. Prof. Dr. Emine NAKİLCİOĞLU 

Gizem TİRYAKİ 
Ege University TÜRKİYE 

THE PRODUCTION PROPERTIES AND 

APPLICATIONS OF VITAL WHEAT 

GLUTEN 

Köksal KARADAŞ 

Emine AŞKAN 

Fatih GÜLER 

Iğdır University TÜRKİYE 

Van Yüzüncü Yıl University TÜRKİYE 

ANALYSIS OF FACTORS AFFECTING 

TOMATO INCOME USING DATA 

MINING: THE EXAMPLE OF IĞDIR 

PROVINCE 

Hakan SÖNMEZ Dokuz Eylül University TÜRKİYE 

THE IMPACT OF PUBLIC, PRIVATE, 

AND FOREIGN BANK AGRICULTURAL 

LOANS ON AGRICULTURAL GROSS 

DOMESTIC PRODUCT: A CASE STUDY 

OF TURKEY 

Res. Assist. Biset TOPRAK 

Assist. Prof. Dr. Emine Elif NEBATİ 

Istanbul Sabahattin Zaim University 

TÜRKİYE 

DIGITAL TRANSFORMATION AND 

DEVELOPMENTS IN AGRICULTURE 

Yunis RUSTAMLI 

Ali TAHIROV 

Aynur NOVRUZLU 

Nakhchivan State University 

AZERBAIJAN 

Department of Veterinary Medicine 

AZERBAIJAN 

REQUIREMENTS ON PRODUCTION, 

PROCESSING AND STORAGE 

PROCEDURES OF MALE BEE LARVAE-

APILARNIL IN NAKCHIVAN 

AUTONOMOUS REPUBLIC 

İbrahimova Aynur Masim kızı 
Nakhchivan State University 

AZERBAIJAN 

SOME NUTRITIONALLY IMPORTANT 

SPECIES OF ESSENTIAL OIL PLANTS, 

THEIR ECONOMIC IMPORTANCE 

Gunay Mammadova Israphil 

Turkan Hasanova Allahverdi 

Ministry of Science and Education 

Republic of Azerbaijan, AZERBAIJAN 

STUDY OF SOIL BIO-ECOLOGICAL 

INDICATORS IN VARIOUS BIOTOPES 

OF THE SHEKI-ZAGATALA ECONOMIC 

REGION 

All participants must join the conference 10 minutes before the session time.  

Every presentation should last not longer than 10-12 minutes.  
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ONLINE PRESENTATIONS 

02.03.2024 / HALL-4 / SESSION-2  
 ANKARA LOCAL TIME: 12 30 - 14 30  

HEAD OF SESSION: Dr. Muhammad FAISAL 

AUTHORS AFFILIATION TOPIC TITLE 

Hassana Ismaili Alaoui Ibn Tofail University MOROCCO 

ECONOMIC VALUATION OF 

SEDIMENT RETENTION SERVICES IN 

THE OUED-BEHT WATERSHED 

(MOROCCO): A SPATIOTEMPORAL 

ANALYSIS USING INVEST SDR-INVEST 

MODEL 

Muhammad Safdar 

Syed Mohsan Raza Shah 
University of Education PAKISTAN 

UNVEILING ADAPTIVE COMPONENTS 

FOR ENVIRONMENTAL 

HETEROGENEITY IN IPOMOEA 

CARNEA JACQ 

Hassane ABD-DADA 

Said BOUDA 

Abdelmajid HADDIOUI 

Sultan Moulay Slimane University 

MOROCCO 

GENETIC DIVERSITY ANALYSIS OF 

NATURAL POPULATIONS OF A 

MEDICINAL AND MELLIFEROUS 

PLANT (EUPHORBIA RESINIFERA) 

USING MORPHOLOGICAL TRAITS 

AND MOLECULAR MARKERS 

Er. Himanshu Khanna 

Dr. Harish Pungotra 

Dr. Sandeep Gandotra 

Sardar Beant Singh State University 

INDIA 

RECENT ADVANCEMENTS IN 

COATINGS OF BIOMEDICAL 

MAGNESIUM ALLOY 

Eludoyin O.S. 

Ojo A.E 

Idisi B.E. 

Amadi H. 

Port Harcourt University NIGERIA 

Tai Solarin University of Education 

NIGERIA 

Delta State University of Science and 

Technology NIGERIA 

Ignatius Ajuru University of Education 

NIGERIA 

EFFECTS OF OPEN DUMPSITE ON SOIL 

PROPERTIES IN A RAINFOREST 

REGION OF OGUN STATE, NIGERIA: A 

MENACE FOR SUSTAINABLE 

TROPICAL AGRICULTURE 

Dr. Muhammad FAISAL 
Allama Iqbal Open University 

PAKISTAN 

LEVERAGING AI TOOLS FOR 

EFFECTIVE MANAGEMENT 

INFORMATION SYSTEMS (MIS) IN BIG 

DATA ANALYTICS 

K.R.Padma 

K.R.Don 

Women’s University INDIA 

Bharath University INDIA 

ROLE OF PROBIOTICS AND THEIR 

METABOLITES IN THE TREATMENT 

AND PREVENTION OF CANCER CELLS 

Plamen GLOGOV 
Forest Research Institute – Bulgarian 

Academy of Sciences BULGARIA 

ROLE OF ALLELOPATHY IN THE 

ECOLOGICAL STRATEGY OF SOME 

INVASIVE ALIEN TREE SPECIES 

POSING A THREAT TO THE NATURAL 

FORESTS IN BULGARIA 

Dr. Nikhil Gangwar Delhi University INDIA 

SOIL DEGRADATION IN THE UNITED 

PROVINCES DURING THE 

NINETEENTH CENTURY 

All participants must join the conference 10 minutes before the session time.  

Every presentation should last not longer than 10-12 minutes.  
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ONLINE PRESENTATIONS 

02.03.2024 / HALL-5 / SESSION-2  
 ANKARA LOCAL TIME: 12 30 - 14 30  

HEAD OF SESSION: Sohaib Hassan 

AUTHORS AFFILIATION TOPIC TITLE 

Prof. Dr. Roman Truskavetsky 

Zubkovska Viktoriia 

Khyzhniak Iryna 

National Scientific Center “Institute 

for Soil Science and Agrochemistry 

Research named after A. N. 

Sokolovsky”, Kharkiv, UKRAINE 

DIAGNOSTICS AND OPTIMIZATION 

OF PHOSPHATE STATUS OF SOILS 

BASED ON BUFFERING INDICATORS 

Sohaib Hassan 
University of Veterinary and Animal 

Sciences PAKISTAN 

PASTURES TO PROTOCOLS: 

NAVIGATING AGRICULTURAL AND 

VETERINARY FRONTIERS FOR 

LIVESTOCK WELL-BEING 

Dr. Muhammad Kamran KHAN 

Misbah Ur Rehman 

Government College University 

PAKISTAN 

DEVELOPING FRUIT LEATHER (PESTIL) 

THROUGH MICROWAVE DRYING: A 

SUSTAINABLE APPROACH 

Wafae Sellami 

Khalid Daoui 

Mohammed Ibriz 

Abderrazzak Bendidi 

Agro-Physiology Plant, National 

Institute of Agronomic Research 

MOROCCO 

Ibn Tofaïl University MOROCCO 

EFFECTS OF TILLAGE AND 

FERTILIZATION ON WHEAT YIELD 

UNDER MEDITERRANEAN 

CONDITIONS 

Dr. Maryna Zakharova 

Dr. Yuri Thapko 

Natalia Palamar 

Yana Vodyak 

National Scientific Center «Institute 

for Soil Science and Agrochemistry 

Research named after O.N. 

Sokolovsky», Kharkiv, Ukraine 

CHANGES IN ORGANIC CARBON 

CONTENT IN URBAN SOILS DURING 

MISCANTHUS CULTIVATION 

Kasinathan Rakkammal 

Manikandan Ramesh 
Alagappa University INDIA 

GENOME-WIDE IDENTIFICATION AND 
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ECONOMIC VALUATION OF SEDIMENT RETENTION SERVICES IN THE 
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University, BP.133, University Campus, Kenitra 14 000, Morocco. 

Abstract 

Economic analysis of soil erosion effects can be difficult and ambitious, but it is still 
necessary to conduct sound reflections and appropriate land use and management policies. 
This study analyzed the main economic costs induced by erosion in the Oued Beht watershed 
by quantifying soil loss and retained and exported sediments from 2000 to 2020. The InVEST 
Sediment Delivery Ratio (SDR) model was used to evaluate the influence of the conversion of 
LULC on sediment dynamics, allowing us to quantify and determine the economic value of 
sediment retention in our study area. The results show positive changes for soil erosion and 
sediment export, which decreased by 0.31 ton.ha-1yr-1 and 0.42 ton.ha-1.yr-1 respectively, and 
for sediment retention, which increased by 0.42 ton.ha-1.yr-1. Thus, the economic value of 
sediment retention was estimated at 314,825 MAD/yr-1. The results showed spatial differences 
in sediment retention and exported sediments levels within the study area, displaying which 
areas are most vulnerable to soil erosion processes and which retained the maximum 
sediments. This assessment remains non-exhaustive, which raises the scientific community's 
interest to deepen the analysis. However, it highlights the importance of quantifying this 
retention service physically and economically to establish effective and sustainable 
conservation and management approaches. 

Keywords: Economic analysis, Oued Beht Watershed, Sediment Delivery Ratio, LULC, 
sustainable 
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ABSTRACT 

Clupisoma garua, commonly referred to as Garua bachcha, plays a crucial role both 
commercially and nutritionally as a fish species. This research explores the correlation 
between the Gonadosomatic Index (GSI) and eco-climatic conditions, providing 
comprehensive insights into various aspects of reproduction, including sexual maturity, 
spawning and peak spawning season. Over the course of May 2017 to April 2018, 570 female 
individuals were collected from the Padma River using cast nets, gill nets, and square lift nets 
on a monthly basis. Measurements of total length (TL), fork length (FL), and body weight 
(BW) were conducted with a precision of 0.01 cm and 0.01 g, respectively. The specimens 
exhibited a total length ranging from 3.9 to 26.3 cm. Analyses involving TL vs. GSI, MGSI 
(Modified Gonadosomatic Index), DI (Dobriyal Index), and TL-FL regressions, in 
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conjunction with the consideration of Lmax, revealed sexual maturity (Lm) at 14.3 cm, 14 cm, 
and 15.18 cm, respectively. Furthermore, the spawning season was identified from May to 
August, with peak in June and July. Notably, it was found that the relative weight (WR)
showed no significant deviation from 100 (p < 0.0001) for female species during the peak 
spawning season. Additionally, a significant correlation was observed between temperature 
and GSI (p = 0.0038), as well as between rainfall and GSI (p = 0.0043) during the spawning 
season. Other environmental parameters, such as rainfall, dissolved oxygen, and pH, did not 
exhibit any appreciable relationship with GSI.  An analysis of a 55-year data series (1964

decrease in rainfall by 2.95 mm, may potentially result in a delay in the spawning season of 
this species. The findings of our research might also be used to the implementation of 
particular management strategies aimed at conserving C. garua populations in the Padma 
River and its surrounding ecosystems. 

Keywords: Padma River, Eco-climatic factors, Gonadosomatic index, Clupisoma garua, Size 
at sexual maturity, Spawning season. 
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Lignocellulosic biomass is the most abundant, renewable, organic, plant-based polymer 
available in nature. It is a complex matrix composed of three principal components- Lignin, 
cellulose and hemicellulose. Analytically, cellulose comprises three fractions - alpha, beta, 
and gamma, distinguished by their solubility in alkali solutions. Treatment of alpha cellulose 
with acidic solutions yields nanocrystalline and microcrystalline cellulose (MCC). Alpha 
cellulose is extracted from lignocellulosic biomass by removal of lignin, waxes, pectin, 
hemicelluloses etc. from the raw material by different chemical treatment. MCC is defined as 
purified and partially depolymerized form of cellulose and boasts diverse applications across 
industries like food, pharmaceuticals, and cosmetics, serving as a binder, filler, diluent, and 
disintegrant etc. In this investigation, MCC was extracted from Jati bamboo (Bambusa tulda), 
a commercially important bamboo species in Assam. Morphological, physicochemical, and 
thermal characterization of the extracted MCC powder was conducted and compared with 
commercially available MCC, Avicel PH101 to assess its suitability as an alternative source. 
Organoleptic tests demonstrated comparable properties between the commercial and extracted 
MCC. SEM analysis revealed a higher aspect ratio of in the extracted MCC
compared to in the commercial MCC. Physicochemical and thermal
characterization as revealed by analysis of FTIR, TGA exhibited similar results confirming
the potential of extracted MCC to be the alternative source for commercial MCC. Tablets
were prepared from extracted MCC powder and commercial MCC powder by mixing with
some other excipient like talc and magnesium. Tablet were evaluated for some parameters
like friability test, hardness and disintegration test. Results revealed similar properties and
thereby uncover the potential use of extracted MCC as an excipient.

Keywords Microcrystalline cellulose (MCC), bamboo, morphological, thermal 
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Abstract : 
Precision in estimating crop yield is critical for effective decision-making across various 
facets of crop management, including harvesting, storage, and marketing. The traditional 
methods of manually counting fruit, characterized by labor-intensive processes and 
susceptibility to errors, have underscored the imperative for the adoption of automated 
solutions. In response to this need, the intersection of Unmanned Aerial Vehicle (UAV) 
remote-sensing technology and the YOLO V7 object detection model has been explored for 
citrus fruit yield estimation.Within the context of a Moroccan orchard and specifically 
focusing on the 'Maroc Late' variety of citrus trees, this study delves into the novel application 
of UAV technology in tandem with the enhanced YOLO V7 model, featuring architectural 
modifications. Evaluation metrics, including precision, recall, and F1-Score, illuminate the 
model's exceptional performance in the test set. Additionally, regression analysis establishes a 
robust correlation between observed and predicted fruit counts.By presenting an alternative to 
labor-intensive manual counting methods, this research underscores the transformative 
potential of UAV technology and sophisticated object detection models. This innovative 
approach has the capacity to revolutionize decision-making processes within the realm of 
citrus crop management, showcasing a paradigm shift towards more efficient and accurate 
methodologies. 

Keywords : Estimating crop yield, Crop management, YOLOv7, Object detection model, 
Unmanned Aerial Vehicle (UAV), Remote sensing technology. 
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ABSTRACT 

In agricultural crops, heterosis breeding holds the potential to increase yield and stability. 
When it comes to utilizing heterosis to increase grain yield and improve yield stability, hybrid 
breeding performs better than line breeding. Heterosis is a natural occurrence in which hybrid 
children of genetically different people exhibit greater vigor than their parents. For almost a 
century, farmers have been using heterosis more and more in crop production in an effort to 
create cultivars that are more robust, productive, and high-performing. Therefore, maintaining 
genetic variety between parents is always preferable and can be achieved by dividing 
germplasm into several heterotic groups. Breeders have established heterotic groupings using 
a variety of techniques. Pedigree analysis, quantitative genetic analysis, inferring geographic 
isolation, and the application of molecular markers are some of these. Four heterotic groups 
were formed in pearl millet as a result of SSR marker-based classification. The hybrid 
populations that are now in use in China were outyielded by the recently discovered heterotic 
patterns of rice . In crops that are self-pollinated, the process of developing hybrids is 
laborious. As a unified framework for hybrid breeding and the formation of heterotic groups 
in autogamous crops, HyBFrame was recently established. One of the primary causes of the 
low yield heterosis in tropical hybrid rice that has been observed may be the absence of 
systematic research on the formation of heterotic groups. It is possible to create a huge 
number of hybrid combinations quickly once heterotic groupings and patterns are found. The 
foundation of a successful hybrid breeding program is heterozygous groups, thus choosing 
them early in the crop improvement program is important. 

Keywords: Heterosis breeding, Germplasm, heterotic patterns, SSR marker, HyBFrame etc., 
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ABSTRACT 

Nanotechnology is getting an abundance of attention in the food and healthcare industries due 
to its multiple benefits greater bioavailability, less toxic levels of chemicals, and greater 
application possibilities are all made possible by nanostructured compounds for food
companies. Nutraceuticals, functional foods, food processing and packaging, safety and 
quality, and nanotechnology are the five main fields of study in the food industry. The method 
of creating nanoscale capsules by coating an active chemical with a carrier substance is 
known as nanoencapsulation. Several variables, including the capsules entrapment and release 
behaviors, internal structure, size, form, and physicochemical stability, might influence 
encapsulation. To increase the stability of extracted substances, non-thermal extraction 
techniques such as high hydrostatic pressure-assisted extractions, supercritical fluids, 
microwave, and ultrasound are being developed. To increase the stability of these isolated 
chemicals, nanoencapsulation is necessary. The subject of nanoencapsulation of bioactive 
substances from fruits and vegetables is expanding, with multiple studies looking at various 
elements of the technique. To encapsulate different bioactive substances, encapsulation 
materials such as lipid-based, polysaccharide-based, and protein-based nanotechnology have 
been investigated. Applications for nanoencapsulated bioactive chemicals include controlled-
release capsules, cosmetics, and household hygiene items, as well as food fortification. 
Ongoing studies, however, try to solve these issues and enhance the technology for other uses. 
Nanoencapsulated bioactive compounds have the potential to significantly transform food 
fortification, nutrition, and personalized medicine in the future. 

Keywords: Bioactive compounds, Extraction techniques, Encapsulation,  Nanotechnology, 
Neutraceuticals, etc., 
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ABSTRACT 

The plant material was found to be rich with surfactant properties. The comparative study 
between synthetic and natural surfactant was carried out using spectrophotometry, and 
conductometric measurement. -4M.  It is 
the point where their monomer aggregates to form micelles, which are far below the CMC 
point of most of thesynthetic surfactants. The role of temperature was also monitored in 
comparison to the synthetic surfactants. The pH was used to find the nature of surfactants and 
number of replaceable protons in the system. The surfactant interaction properties were 
monitored against a variety of dyes cationic (CTAB), and anionic (methylene blue and neutral 
red). The interactions were monitored from pre- to post micellar concentrations of both 
natural and synthetic surfactants. The change in concentration of the surfactant led to the 
change in interaction behaviour. Wide range of temperatures were selected to monitor the 
behaviour and interactions of the natural and synthetic surfactants as these interactions are 
temperature dependent and found to be favourable at lower temperatures.     

The self-degradation was observed at ambient temperature and in the darkboth in aerobic and 
anaerobic conditions. Based on its behavior and degradation properties, the proposednatural 
surfactant is a cheap and good alternative to the synthetic surfactants. These natural 
surfactants were found to have surfactant properties and even efficient from synthetic 
counterparts and biodegradable thus environmentally friendly. 
Moreover, the natural surfactant helps to degrade many environmentally toxin dyes which are 
even non degradable in fenton presence. 
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Random Amplified Polymorphic DNA (RAPD) was used to evaluate such relationship 

among three genotypes of bitter gourd. Amplification of the genomic DNA from each of the 

three genotypes of bitter gourd using all the 10 decamer primers revealed a variety of RAPD 

patterns. Out of these 10 primers, five showed stable pattern with a set of major DNA 

fragments and were the most effective in detection of genetic polymorphism in the studied 

populations of Bitter gourd.The 10 decamer oligonucleotides on an average generated 244 

fragments, of which 85 (34.8%) were polymorphic. A range of 15 to 47 bands was amplified 

from RAPD primer used in the study. The degree of polymorphism among primers was 

different. The approximate size of the amplified fragments ranged from 250 to 1000 bp. 

Coefficients were utilized to generate dendrogram by using an unweighted pair group method 

with arithmetic average (UPGMA) tree. According to the genetic similarity dendrogram 

constructed for all 244 traits for three genotypes detected using 10 primers, all studied Bitter 

gourd from the three different varieties of Bitter gourd can be subdivided into two clusters, of 

which cluster one comprises of two varieties of Bitter gourd (CBT-36 & PKBT-1), and cluster 

two comprises of one variety (BG-7017). The mean genetic distance between varieties of 

Bitter gourd within cluster 1 is 0.3232 (32 %), within cluster 2 is 0.4419 (44 %). The genetic 

distance between clusters 1 and 2 was near about 0.1187 (11.8%). 

Key words: Amplified Polymorphic DNA, Bitter gourd, genotype, primer ,DNA fragments.
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Abstract 

Finger millet (Eleusine coracana) is a small-seeded cereal that offers numerous nutritional 

and health benefits to humans, similar to other major cereals. The growth, biomass, and yield 

of finger millet are significantly impacted by abiotic stresses that include salinity stress. 

Salinity stress poses a significant challenge for finger millet, similar to other cereal crops. In 

the present study on genome-wide analysis and screening of E. coracana signifies the 

presence of five EcNHX genes in the finger millet genome. In silico analysis confirmed that 

all the identified EcNHXs were sodium transporters positioned on vacuolar membrane and 

plasma membrane. They involved in sodium transport across the cells. The phylogenetic 

analysis confirmed a total of three major classes: plasma membrane (PM)-class, endosomal 

(Endo)-class, and vacuole (Vac)-class. The EcNHXs were distributed in PM and endosomal-

class. Transmembrane helices (TMHs) 11 to 12 present in EcNHXs. All the five EcNHX

proteins shared the same putatively interactive protein AVP1, HKT1, SOS2 and SOS3. These 

proteins play essential roles in response to abiotic stress. Several cis-acting regulatory 

elements involved in hormonal signal-responsiveness and abiotic stress including salinity 

responses were identified in the promoter regions of EcNHXs. This will help to initiate further 

functional characterization experiment in finger millet and other millets. For example, 

characterization of EcNHX genes through clustered, regularly interspaced short palindromic 

repeats (CRISPR)/CRISPR associated protein (Cas) (CRISPR/Cas) tool will help to identify 

the accurate role of each stress responsive gene under various stress. 

Keywords: Salinity Stress; In-silico; Na+/H+ antiporters; Finger Millet.
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ABSTRACT 
Purpose: In response to challenges like water scarcity, labor constraints, mulberry disease 
such as leaf rust, leaf spot and powdery mildew, Sericulturists in Tamilnadu and Karnataka 
states are transitioning from traditional bush mulberry cultivation to tree plantation. Therefore 
to get sustainable crop growth and income for farmers, a research study was conducted during 
2021 to 2023 at Regional Sericultural Research Station (RSRS), Salem, TamilNadu.  
Method: The investigation aimed to evaluate the impact of ten nutrient levels on the growth, 
yield and leaf quality of tree mulberry. We employed the RCBD method for field experiments 
and followed standard methods for plant growth and nutrients analysis.  
Result: The research compared V1 tree mulberry, revealing that T2 exhibited superior growth 
and yield characteristics with values in parameters such as the number of branches per tree 
(33.99), leaves per branch (29.99), branch length (145.35 cm), and leaf/stem yield (31.21 and 
19.89 mt/ha/yr). Notably, when examining silkworm economic parameters, T5 displayed the 
highest values in larval weight (52.83 g), cocoon weight (2.18 g), shell weight (0.53g), shell 
ratio (24.19%), and filament length (1328m). Denier and renditta showed similar results in T5

and T6 (2.5 d and 6.28 kg). Regarding nutrient content, T5 recorded the highest percentages of 
N, P, K, S, Ca and Mg (3.88, 0.29, 3.62, 0.29, 3.67, 1.0%). Additionally, sulfur content was 
similar in T5 and T2 (0.29%). Micronutrients such as Zn, Fe, Mn and B were also highest in T5

(61.24, 148.63, 140.61, and 82.64 ppm). Nutrient uptake analysis revealed that T2 followed by 
T5 had the highest uptake of macro nutrients N, P, K, S, Ca, and Mg (260.82, 18.97, 242.17, 
20.05, 250.89, and 75.33 kg/ha/yr for T2 and 237.35, 17.89, 220.65, 19.42, 218.69, and 68.31 
kg/ha/yr for T5). Similarly, micronutrients Cu, Zn, Fe, Mn and B followed a similar trend 
(42.97, 484.16, 988.05, 1206.49, and 529.86 g/ha/yr for T2, and 40.04, 473.39, 949.61, 
1169.36, and 507.19 g/ha/yr for T5). The study revealed that T2 and T5 exhibited superior
performance in mulberry and recommend farmers to apply 20 kg/ha/year or a 0.5 % foliar 
spray of micronutrients along with recommended dose of fertilizers in five splits for tree 
mulberry plants.   

Key words: V1; Soil; leaf nutrients; nutrients uptake and silkworm. 
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Abstract 

Remote sensing images captured by unmanned aerial vehicles (UAVs) have great potential to 
promote intelligent robotics-inspired solutions for land cover mapping. This submission 
presents a novel workflow based on the U-Net Convolutional Neural Network (CNN) for 
precise automated mapping of aromatic medicinal plants (Zeqqum, Carob, Thuya, and 
Lentisk), requiring advanced technologies to improve the accuracy and mapping Plant. This 
work explores the application of unmanned aerial vehicle (UAV) remote sensing systems[1], 
specifically using the Enhanced U-Net segmentation model, for accurate classification of 
plant species. The methodology consists of using a UAV RGB camera mounted on a 
quadcopter to capture high resolution images[2] of the Timoulilt region located in the High 
Atlas Mountains in Morocco. For this, a set of data augmentation techniques were applied[3],
in order to guarantee a complete representation of the variability of plant species. In addition, 
by optimizing the hyperparameters using Keras tuner tuning, to improve the performance of 
the U-Net architecture. The adjustments aim to improve the accuracy of plant mapping, 
providing a more refined and reliable model for species identification. On the other hand, 
performance evaluation on the validation dataset reveals a remarkable accuracy of 97.65%, 
demonstrating the effectiveness of the proposed approach, and resilient performance on the 
testing dataset further justify the reliability of the model, reaching an accuracy of 97.39%. For 
this reason, we claim that through extensive training, the model is able to effectively segment 
plant images and provide significant theoretical value as well as an accurate practical 
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reference for plant segmentation. Therefore, validation of the algorithm extends beyond the 
initial geographic location, emphasizing its adaptability and effectiveness in various 
environments. In particular, this research constitutes a remarkable contribution to the growing 
intersection of deep learning and remote sensing applications in ecology science[4], providing
a valuable framework for future research aimed at improving the accuracy and efficiency of 
mapping plant species using drone imaging and advanced technologies. 

Key words: Remote sensing, Unmanned aerial vehicles (UAVs), Deep Learning, Enhanced 
U-Net segmentation model, Aromatic medicinal plants (Zeqqum, Carob, Thuya, Lentisk).

[1]
-fracture traces from UAV-acquired images using
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UAV orthophoto maps based on a lightweight improved U- Comput. Electron. Agric.,
vol. 217, no. August 2023, p. 108538, 2024, doi: 10.1016/j.compag.2023.108538.

[4]
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Syst., vol. 37, no. October 2022, p. 100841, 2023, doi: 10.1016/j.suscom.2022.100841.
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Introduction and Purpose:

Materials and Methods: The plant material 
used in this study included twelve natural populations representing the distribution area of E. 
resinifera in Morocco. Six populations are originating from High Atlas Mountain and six 
belonging to the Middle Atlas Mountain. A total of 14 ISSR primers previously displayed 
reliable and polymorphic band profiles were used in this work (Table 2). Results: 

- -

Discussion and Conclusion: 
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Fertilizer management is one of the most important factors affecting wheat (Triticum 

aestivum) yield and its quality. In this context, a study was conducted in Meknes (Morocco) at 

the National Institute of Agronomic Research in during 2020 2021 cropping season to 

evaluate the combined effect of tillage and nitrogen (N), phosphorus (P), and potassium (K) 

fertilizers on various agronomic traits on bread wheat. The experimental design was a split-

plot with three replications, tillage systems (NT: no-till and CT: conventional tillage) in the 

main plot, and fertilization levels in the subplot. Four N, P and K fertilizer levels were tested: 

[0 kg N ha-1 (N0), 50 kg N ha-1 (N1), 100 kg N ha-1 (N2), and 150 kg N ha-1 (N3)]; [0 kg P ha-

1 (P0), 30 kg P ha-1 (P1), 60 kg P ha-1 (P2), and 90 kg P ha-1 (P3)]; [0 kg K ha-1 (K0), 10 kg K 

ha-1 (K1), 30 kg K ha-1 (K2) and 50 kg K ha-1 (K3)]. The soil type at this station is silty-clay 

(48.50% silt and 39.90% clay and 11.60% fine sand), mainly dark Vertisols with limestone 

concretions, with a pH (7.8), organic matter (2.63 %), potassium (478 mg kg-1), phosphorus 

(11.89 mg kg-1) and nitrogen (7.77 %). Results showed that after converting to no-till, there 

was a significant difference in grain yield (GY) and water use efficiency (WUE) in both N 

application and tillage systems, but no significant effect was shown in the N*tillage systems 
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interaction. N3 fertilization registered a greater effect in GY and WUE under no-till than 

conventional tillage. Moreover, P fertilization and tillage systems recorded a significant effect 

on GY and WUE; however, the interaction of P and tillage systems uninfluenced GY. Higher 

GY was revealed by P2 fertilization under different tillage systems. In addition, the greatest 

GY were presented under no-till. Furthermore, K fertilization, tillage systems, and the 

K*tillage systems interaction uninfluenced GY and WUE significantly, with indeed a higher 

GY recorded under K1 combined with no-till over conventional tillage. We concluded from 

this study that application of N3, P2, and K1 levels and no-till were more beneficial for 

improving growth, yield, and yield components of bread wheat under normal conditions. 

Keywords: tillage system, nutrition management, Triticum aestivum, yield, water use 

efficiency.
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ABSTRACT

Within the Scrophulariaceae family, Bacopa monnieri Linn. is a significant herbal remedy 
that grows in damp, marshy areas across India, Nepal, Sri Lanka, China, Taiwan, and Hawaii. 
Since the species is in danger of extinction, germplasm preservation is essential. 
Comprehensive phytochemical analysis of Bacopa monnieri (BM) plants grown naturally and 
through micropropagation is the primary goal of this investigation. It demonstrates the 
existence of several phytoconstituents, including flavonoids, phenolics, alkaloids, and 
saponins. Several phytoconstituents provide the plant with its antioxidant properties in 
addition to a host of other functions. Tissue culture procedures have been created 
to regenerate the BM plant from small portions (nodal segment). Concerning phytoconstituent 
potential, the regenerated plant is comparable. Plants can be clonally regenerated on an 
extensive basis using the Murashige and Skoog medium methods, providing long-term 
protection and preservation in compact spaces. Based on the comprehensive phytochemical 
analysis. The phytoconstituents found in the micropropagated plant were found by HPTLC to 
be comparable to those found in the B. monnieri organic plants. 

Keywords: Bacopa monnieri Linn., flavonoids, HPTLC, Micropropagation, Brahmi. 
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Urban soils are anthropogenically altered soils. They are artificial profiles that have a surface 
layer of up to 50 cm, created by man by pouring, mixing, and burial substrates of purely urban 
origin.  
Objectives. To determine the effect of Miscanthus giganteus cultivation on the organic carbon 
content in urban soils. The object of the study: urban soils, on the territory of the 
dendrological park of Kharkiv National Agrarian University named after V.V. Dokuchaev.  
Methods. Research methods correspond to the national standards of Ukraine: field research 
(soil survey and selection of soil samples in spring and autumn to a depth of 0-20 cm and 20-
40 cm) and laboratory-analytical (organic carbon in soil samples). The study did not involve 
the application of any fertiliser.  
Results. In urban soils with Miscanthus giganteus cultivation carbon accumulation is more 
intense compared to the control variant. Under the influence of Miscanthus giganteus 
cultivation, the amount of organic carbon in the urban soils increases both in the 0-20 cm 
layer and the 20-4 cm layer. Organic carbon content in the soil layer 0-20 cm varies from 
2.0% on the control variant to 2.9% with Miscanthus giganteus cultivation in an average of 2 

-
respectively. These dynamics point to the good carbon sequestration capacity of Miscanthus 
giganteus plants, which is extremely important given the general trend towards a warming 
climate and an increase in atmospheric CO2. Miscanthus giganteus can be important plants for 
the phytoremediation of urban and other low-productivity soils. The increase of organic 
carbon content in the studied urban soils under Miscanthus giganteus indicates the 
improvement of supporting and regulatory ecosystem services, which ensure a significant 
improvement in the ecological state of this soil. 
Conclusions. Miscanthus giganteus stimulates the accumulation and increase of organic 
carbon content in the soil. 
Keywords: soil, ecosystem services, Miscanthus giganteus, organic carbon, urban soil.
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Abstract 

Jammu and Kashmir is one of the biodiversity hotspots in India including many endemic plant 
species. One of the threats to biodiversity of region is the invasion of alien species. The 
invasive alien species have naturally introduced into the area from adjoining Punjab plains. 
The damage caused by these invasive alien species in terms of reduced crop yields, 
biodiversity loss and disruption of natural ecosystems outweighs their benefits. The invasive 
alien species present there are seriously affecting the vegetation of the region. Most of the 
invasive alien weeds were found to marginalize native species with the result native species 
either fail to germinate or cannot compete with the aggressive invaders. Some alien weeds 
exhibit allelopathic effects thereby preventing the growth and multiplication of native species. 
The alien weeds have been found to exert serious negative impacts on agriculture and animal 
husbandry by reducing crop yields, escalating the cost of produce and marginalizing 
grasslands and pastures. The management of invasive weeds requires co-ordinated efforts to 
control and eradicate them so as to prevent further damage to the biodiversity and agriculture 
of the region. 

Keywords: exotic weeds, aggressive invaders, allelopathy, weed crowding
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ABSTRACT

- -

- -
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ABSTRACT 

Environmental heterogeneity is an important factor that affects species richness and provides 

conditions for adaptation of existing species. Factors affecting the diversity gradient are 

climatic variation, biotic interactions, territory, ambient vigor, productivity, available water 

resources and some other factors that direct the historical process by the evaluation of 

climatic history and phylogeny of niche conversation. Naturally adapted populations of 

Ipomoea carnea Jacq. were collected from various ecological regions of Punjab province  to 

investigate their adaptive components that have been developed under heterogeneous 

environmental conditions. Multivariate redundancy analysis (RDA) and correlation analysis 

were done to evaluate the association of soil physiochemical features with different morpho-

anatomical and physiological characteristics. I. carnea is an invasive species that can rapidly 

grow, spread and adapt from xerophytic to aquatic habitats. This species showed better 

growth and biomass production near water bodies. Additionally, it also exhibited some 

specific anatomical modifications such as aerenchyma formation, sclerification, xylem ray 

thickness, leaf thickness and large metaxylem area that enable it to survive under harsh 

environmental conditions. Populations from highly saline habitats showed higher value of 

osmolytes and ionic contents (K+ and Ca2+).Furthermore, the populations from highly saline 

areas also exhibited the maximum uptake of Na+ content and the lowest uptake of K+ and 

Ca2+ content. In conclusion, I. carnea showed very specific modifications in morpho-

anatomical and physiological traits that reveal its ecological success from aquatic to 

xerophytic habitats. 
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Abstract 

Our study examines how different plant varieties (Malus domestica L.) respond 
physiologically to hail events, focusing on changes in leaf characteristics, chlorophyll 
concentrations, stomatal conductance, and cuticular wax content. The aim is to understand 
the impact of hail on plant physiology and identify potential adaptations. The study found 
that there is a significant positive correlation between leaf load and leaf surface area, 
indicating coordinated changes in size and load. Additionally, hail seems to affect chlorophyll 
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concentrations, as there is a negative correlation between leaf load and chlorophyll levels. 
The research also shows that there is a positive correlation between temperature and stomatal 
conductance, suggesting that temperature drives stomatal regulation. Furthermore, a negative 
correlation exists between stomatal conductance and cuticular wax content, indicating 
potential adaptive responses to environmental stress. The interactions between chlorophyll a 
and b underscore the coordinated nature of these pigments. These findings provide valuable 
insights into how plants respond to hail, shedding light on their physiological adjustments and 
offering implications for agricultural management. 

Keywords: Malus domestica L., cultivar, Physiological traits, Physiological adaptation, hail.
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ABSTRACT
Introduction and Purpose: At the present time, many medical preparations belonging to 
different chemical and pharmacological groups are used against parasitic diseases in animals, 
especially helminthosis. It is important to research and apply in veterinary practice 
anthelmintics obtained from plants that do not have a toxic effect on the animal body, are 
sufficiently effective, and ecologically safe. Monieziosis is a helminthic disease caused by 
species belonging to the Anoplocephalidae family and Moniezia genus (M. expansa, M. 
benedeni) in ruminant animals, especially sheep, goats, cows and buffalos. Achillea 
millefolium (Achillea millefolium L) is a common medicinal plant used in medicine since 
ancient times. For this purpose, experiments were carried out to study the anthelmintic effect 
of bojmadara in sheep infected with moniesia.
Material and methods: Experiments were carried out in Sharur district of Nakhchivan 
Autonomous Republic to study the effect of medicinal forms of yarrow plant against 
Moniezia infection in 1-2 year-old sheep. Before the experiments, fecal samples were taken 
from the rectum of animals and fecal examination was carried out according to Fulleborn's 
method. It was found that sheep in the experimental groups were 100% infected with 
moniesia. Forty animals divided into 4 equal groups.  Group 1 was given 5 g of herbal plant 
meal for 3 days; Group 2 was given 5 ml/kg of herbal infusion; Group 3 was given decoction 
at a dose of 5 ml/kg.  All medicinal forms were given twice a day with an interval of 12 hours 
for 3 days. Group 4 was maintained as the control group. The animals were kept under the 
same nutritional conditions. 5 days after the application of the plant, fecal samples were taken 
from the rectum of the animals in the experimental and control groups and fecal examination 
was performed. 
Results: The animals were monitored visually during the experiment. None of them showed 
signs of poisoning, changes in feed and water consumption. According to the results of fecal 
examination, the effectiveness of treatment in the group receiving plant meal was 80%; 50% 
effectiveness in the group receiving infusion and 60% in the group receiving decoction. The 
animals of the control group had 100% infection as at the beginning of the experiment.
Discussion and Conclusion: As a result of the conducted experiment, it was found that 
yarrow has an antihelminthic effect against cestodes. Thus, in animals infected with moniesia, 
the antihelminthic efficacy is 80% after application of yarrow herbal meal for 3 days; this was 
60% in decoction and 50% in infusion. Having determined the effect of yarrow on sheep 
cestodes, it is very promising to use it as an herbal antihelminthic agent.
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ABSTRACT 

Introduction and Purpose: Abundant biodiversity is of vital importance in meeting a 
number of basic and essential human needs. Since ancient times, people have collected 
various plant resources to meet a number of their daily needs. Millions of people in most 
developing countries derive their livelihoods and a significant portion of their income from 
wild food crops. Wild food plants provide staple foods for local populations and also offer 
supplementary food and an alternative source of income. Wild food plants are important 
nutritional and vitamin supplements for local people. Therefore, wild food resources act as a 
resource in times of food shortages, reducing the vulnerability of local populations to food 
security.  
Materials and Methods: Wild food plants collected from a number of territories of 
Nakhchivan Autonomous Republic were selected as research objects, and field expeditions 
were conducted in different stages starting from April 2021. Researches were carried out 
according to the plan and 30 expedition routes to the area were organized. 
Results: 35 species of wild food plants common in the flora of the autonomous republic are 
procured and put on sale in the markets. It is possible to achieve high economic efficiency by 
organizing the supply and sale of these plants in a planned manner. 
Discussion and Conclusion: Wild food plants are sold in winter markets in various 
commodity forms (salted dried and jam) almost all year round. 8 types of wild food plants are 
supplied in salted form, 12 in dried form and 15 in the form of jam or juice. According to the 
literature materials and conducted researches, the directions of use of each species in the 
autonomous republic in the winter season, the supply villages have been determined. So, these 
species are mainly supplied in mountain and foothill areas. it has been observed that it is 
consumed dried, wild, apple, wild pear, common cherry, hawthorn, common barberry jam or 
fruit juice. 

Key Words: Nakhchivan, wild food plants, Prangos acaulis, Falcaria vulgaris, Malus 
orientalis. 
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ABSTRACT 

Introduction and Purpose: According to the latest data, 47 genera and 1517 species of 
Crabronini tribe  have been identified in the world fauna. From the neighboring countries of 
our republic, 128 species of triba belonging to 10 genera have been recorded in Russia, 90 
species belonging to 9 genera in Turkey, and 83 species belonging to 6 genera in Iran. The 
fauna and ecology of bees belonging to the apiformes group of many regions of Azerbaijan 
have been well studied. However, there is very little information about the fauna and ecology 
of wild bees, which are included in the group of sphesiformes. In general, the wild bees of the 
Crabronini tribe of both Azerbaijan and Nakhchivan Autonomous Republic, which is an 
integral part of it, have been poorly studied by both local and foreign authors, despite having a 
rich species diversity. 

Materials and Methods: In 2018-2019, the research work was carried out on the basis of 
materials collected from 31 points of 19 villages of 6 districts of the autonomous republic 
with entomological nets and Merike traps, stored in the collection fund of the Biodiversity 
Science Center of the Far East Department of the Russian Academy of Sciences, Zoology 
Institute of the Ministry of Science and Education of the Republic of Azerbaijan. 
Results: During the research years, it was found that 21 species of Crabronini tribe belonging 
to 6 genera were spread in 31 points of 19 villages of 6 regions of the autonomous republic. 
Discussion and Conclusion: Based on literature and internet data, the distribution of each 
species in the world is given. So, despite the predominance of Palearctic species, Holarctic 
species were also found. The altitudinal zones and landscapes where the species are found 
have been identified. Ectemnius (Hypocrabro) persicus (Kohl, 1888); Ectemnius 
(Thyreocerus) crassicornis (Spinola, 1808); Lestica clypeata (Schreber, 1759); Lestica 
subterranea (Fabricius, 1775) was the most abundant species occurring in more landscape 
types than the other species. It has been observed that most of the species prefer the flowers of 
plants belonging to the families of milkweed, umbelliferae and legumes. 

Key Words: Nakhchivan, Crossocerus, Ectemnius, Entomognathus, Lestica, Lindenius.
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ABSTRACT 
Introduction and Purpose:
According to the recent scientific information, male bee larvae called apilarnil are widely 
used in apitherapy, medicine, veterinary therapy, as well as in cosmetology in many countries 
of the world. This beekeeping product has been sufficiently studied in our neighboring 
countries such as Turkey and Russia. A lot of bee products such as honey, wax, tuber, pollen, 
golem, royal jelly and bee venom have been comprehensively studied In Azerbaijan. 
However, despite the ancient beekeeping culture and rich nature of it in the Republic of 
Azerbaijan and its integral part - Nakhchivan Autonomous Republic the apilarnil-male bee 
larvae was poorly studied by beekeeping scientists, until our research. Therefore, the quality 
of male bees and the genotypic characteristics of their families must be taken into account in 
order to get high-quality male bee larvae-apilarnil. The accurate organization of male bee 
families provides good conditions for increasing the number of male bees grown in the apiary 
and improvs the quality of the apilarnil obtained from them. It is possible to speed up the 
production time of apilarnil of male bee larvae by forming the male bee families in the apiary 
correctly. 
Materials and Methods:  
The research work was conducted in the years of 2022 and 2023 on 7-11-day-old male bee 
larvae obtained from the bee families of the Nakhchivan population of the Yellow Caucasian 
honey bee (Apis mellifera remipes Gerst.) spread throughout the territory of the Nakhchivan 
Autonomous Republic. For this purpose, 3 experimental groups were created in different 
areas of the autonomous republic in 2022, each having 5 bee families, similar in terms of 
origin, condition, amount of bees in the nest, food, pollen and amount of the increase of the 
bees. As a result of the observations, the breeding time of early male bees in bee families was 
determined. The production, processing and storage of male bee larvae were fulfilled 

-2015 standard. 
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Results:  
At the basis of the technology of production of male bee larvae, there are processes such as 
giving cells containing cells (eyelets) to the family, taking cells with male bee larvae, 
removing male bee larvae from the cells, preserving and storing them during the "whitening 
period" of cells in the bee family. Conducted experiments show that the first male bee egg 
appears on February 20, the first sealed larva on March 2, and the first adult male bee appears 
on March 17 throughout the Araz plains. These processes start 4 days later in the middle 
mountainous area and 7 days later in the mountainous area compared to the Araz plains.  
Since the breeding of male bees in bee families is started earlier in the Araz plains, the 
number of male bees in the hive is 40-50% higher than that of bees in the mid-mountainous 
area, and up to 2 times more than in the mountainous area (P>0.095). 
As a result of the research, it was determined that in springtime in the Araz plains of 
Nakhchivan Autonomous Republic, when combs consisting of 1-2 male bee cells are placed 
into the nests of male bee families, the breeding time of male bees is accelerated by 10-12 
days. Furthermore, the number of male bees reared in the family increases in both control and 
experimental groups. The large number of male bees in the apiary ensures an increase in the 
production of male bee larvae. Thus, when there is enough food in nature for the bee family, 
acquisition of the brood of early male bee larvae occurs in the second half of April. 
A special room or laboratory must be allocated for the processing of apilarnil of male bee 
larvae in the apiary or near it for cleaning the wax plates of cells with larvae, removing larvae 
from the hives, collecting them, preparing, preserving, sorting and packing apilarnil.
The obtained apilarnil is immediately mixed by adding six parts of adsorbent (50% each of 
lactose and glucose) to one part of apilarnil in a porcelain bowl. The solution of raw adsorbed 
male bee larvae is stored at a temperature of 4- hs. The brood of newly 
obtained male bee larvae can be immediately frozen at -
The sequence of production, processing and storage of male bee larvae in the apiary and the 
sanitary-hygienic requirements for their implementation should be followed without 
hesitation. 
Discussion and Conclusion:  
The production, processing and storage of apilarnil of male bee larvae are given based on the 
literature and internet data. In addition, information about the preparation of honey combs for 
harvesting male bee larvae-apilarnil, when to give these combs to the bee family, and the age 
period of the larvae (in days) was also reflected in the research work. 
According to a group of scientists, in order to obtain the male bee larvae-apilarnil, 6-7-11-
day-old male bees are removed from the comb cells, homogenized in a homogenizer until a 
homogenous mass is obtained and apilarnil is formed from that. It is filtered with a nylon 
filter and kept in refrigerators in sterile bottles made of dark glass (Pomazanov V.V. 2017). 
According to the results of another group of scientists 7- to 8-day-old male bee larvae- 
apilarnil also combine small amount of honey, beeswax, bee pollen, propolis and royal jelly. 
However, the main ingredient here is the male larvae, that is why Apilarnil is considered the 
male version of royal jelly.  
The optimal production period of apilarnil begins with the flowering of fruit trees (April-May) 
and lasts until the end of July or the beginning of August (Apitherapy Handbook, 2019). 
According to the international standard GOST 25629-2014, the larvae of male bees are 
homogenized larvae, pre-pupae and pupae up to 17 days after the laying of male bee eggs. 
Despite the above-mentioned facts, the production, processing and storage of male bee larvae 
involves complex technological processes due to the degree of operations. 
Key Words: Nakhchivan, honey bee, apilarnil, production, processing, storage, sanitary-
hygienic 
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Abstract 

Summary: In gray soils, the distribution of carbonates along the profile is significantly 
characteristic. Thus, carbonates pass from the upper layer to the lower layers along the profile. 
It manifests itself in the process of growing agricultural products, irrigation and soil 
cultivation in areas where gray soils are common. As a result of intensive irrigation, some 
grassy soil characteristics appear here. Thus, the upper layer of the soil is exposed to siltation. 
In gray soils, the amount of carbonate along the profile varies between 4.61% and 12.62%. 
Compared to the upper layers, the lower layers have a higher concentration of carbonate 
compounds (section 307). The sum of bases (calcium, magnesium and sodium) absorbed in 
moderately clayey soils (per 100 grams of soil) is on average 28 m.eq. Among exchangeable 
cations, the Ca cation predominates over the Mg cation. The amount of Ca cation throughout 
the profile is 70.68-65.77% of the total absorbed bases. Findings: Currently, making 
Nakhchivan's saline and salty soils usable and using them for planting agricultural products is 
one of the problems ahead. The scientific research studies initiated by Muk. Materials and 
methods: During the research, scientific research studies were carried out on improving the 
planting structure, ecological evaluation of soils, examining the condition of irrigation 
systems and soils, and chemical analysis of drainage and collector waters. Discussion and 
conclusion: The distribution of carbonates along the profile is significantly characteristic in 
gray soils. Thus, carbonates pass from the upper layer to the lower layers along the profile. 
Gray soils manifest themselves during the planting and irrigation of agricultural plants and the 
soil cultivation process. As a result of intensive irrigation, some grassy soil characteristics 
appear here. Thus, the upper layer of the soil is exposed to siltation. There is a higher 
concentration of carbonate compounds in the lower layers compared to the upper layers. Land 
reclamation measures need to be properly organized.Muhtar Abduyev in the middle of the last 
century on this subject have not lost their validity today.

Key words: soil, plants, evaluation, important.
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Abstract

In Bulgaria, studies of the allelopathic relationships between plants are mainly focused on 
agrophytocenoses, more specifically determination of allelopathic interference in the systems 
"crop - weed". The aim of the present study is, based on data from review of scientific 
publications and electronic databases, to assess the role of allelopathy in the ecological 
strategy of the main invasive alien tree species (IAS), representing the greatest threat to 
biodiversity in Bulgarian forests. The object of study are the following IAS that invade forest 
habitats on the territory of Bulgaria and enter into competition with local plants: Acer 
negundo L., Ailanthus altissima (Mill.) Swingle, Amorpha fruticosa L., Elaeagnus 
angustifolia L., Robinia pseudoacacia L., Fraxinus pennsylvanica Marshall and Morus alba
L. The assessment of the place of allelopathy in the ecological strategy of the IAS is based on
the following criteria (main plant functional traits): Juglone index,  Tolerans of IAS to
environmental conditions, Propagation by seeds, Vegetative propagation, Growth, Disease
and pest resistance. The shareholding of allelopathy (Aias) compared to other criteria for all
IAS is in the range 0.4-0.5, which means that allelopathy plays an equal role together with the
other main criteria forming the ecological strategy of the species. Phytochemical activity can
be manifested with different strength in the different stages of the invasion of the IAS in the
forest communities with disturbed structure, thereby facilitating the manifestations and
strengthening the effect of the impact of the remaining competitive plant functional traits of
the species in its ecological strategy.

Key words: invasive alien species, allelopathy, phytotoxins, forest communities, competition
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ABSTRACT 

The aim of this study was to investigate the pomological, morphological and chemical 
characteristics of ten cultivars of blueberry (Vaccinium corymbosum L.) grown in the village 
of Eriklik, Bulancak district, Giresun province. Three plants were selected from each of the 
following cultivars: Berkeley, Bluecrop, Bluegold, Bluejay, Brigitta, Chandler, Darrow, 
Jersey, Northland, and Patriot, resulting in a total of 30 plants. Based on the two years 
averages, the plant height for Brigitta was 1.83 m and for Darrow was 1.11 m. The leaf length 
for Chandler was 6.68 cm and for Darrow was 4.48 cm. The leaf width for Northland was 
3.14 cm and for Darrow was 2.37 cm. The yield ranged from 5,027.00 g for Brigitta to 
1,649.00 g for Jersey. The fruit weight ranged from 308.68 g/100 pcs for Chandler to 93.90 
g/100 pcs for Jersey. The fruit length ranged from 13.18 mm for Brigitta to 9.82 mm for 
Jersey, and the fruit width was 18 mm. Stem pit diameter ranged from 3.77 mm (Brigitta) to 
2.41 mm (Patriot), while seed number ranged from 8.26 (Brigitta) to 40.21 (Bluecrop). pH 
values ranged from 2.66 (Darrow) to 3.13 (Berkeley). Water soluble dry matter contents 
ranged from 6.54% (Northland) to 9.75% (Berkeley), and titratable acidity values in citric 
acid ranged from 0.62% (Berkeley) to 1.42% (Darrow). For cultivation in Bulancak district of 
Giresun province, it is recommended to use Brigitta and Bluecrop varieties for their high 
yield, and Chandler variety for its large fruit size. 

Keywords: Giresun, Blueberry, Morphological, Pomological, Vaccinium corymbosum L. 
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ABSTRACT 

Climate change is contributing substantially to food insecurity by increasing the frequencies 
and severity of abiotic stresses such as drought and temperature, especially in the arid and 
semi-arid regions where soil salinity poses a severe threat to food security. Global warming
can strongly increase drought and salt stress by changing rainfall patterns, and increasing 
evaporation, which reduces water availability and affect water and soil quality. Plant 
density has a significant role in increasing stress tolerance by improving water and light use 
efficiencies and optimizing the soil moisture environment for crop development. In this study 
we examined the planting density tolerance to drought stress of two tomato (Solanum 
lycopersicum L) varieties M82 and MoneyMaker (MM). Two plant densities were 
established: high density and low density. Our results showed that tomato plants are density 
dependent. In addition, crop density significantly affected plant growth and tolerance to 
drought stress of the two varietes M82 and MM. This farming practices provides opportunites 
to enhance land use efficiency, improve drought tolerance and increase crop production

Keywords: Low density, high density, drought, tomato, climate change. 
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ABSTRACT 

The agricultural and food sectors have significant environmental, economic, and social 
impacts. Therefore, to ensure sustainable development, changes in land use management, food 
processing, and consumption patterns are necessary. In today's world, where resources are 
rapidly depleting, whether an agricultural enterprise operates sustainably or not is crucial for 
both producers and consumers. However, measuring sustainability is challenging. In this 
regard, the Food and Agriculture Organization (FAO) has published the Sustainability 
Assessment of Food and Agriculture Systems (SAFA) guidelines. Building upon these 
guidelines, Sustainable Food Systems (SFS) have developed the Sustainability Monitoring 
and Assessment Routine (SMART) tool aimed at measuring the sustainability performance of 
enterprises in the agricultural sector. The SMART tool is the first practical tool developed to 
implement SAFA guidelines, and this study aims to examine its main features. This tool 
addresses key themes such as good governance, environmental integrity, economic resilience, 
and social well-being when measuring the sustainability performance of an agricultural 
enterprise. Each theme has several sub-themes, and the results of indicators related to these 
themes are based on scales expressed as percentages, allowing for the evaluation of 
enterprises' performances and whether their goals are being met. Through tools like SMART 
and others, the concept of sustainability can be effectively measured in terms of performance 
and goals. The widespread adoption of such systems will facilitate rapid integration into 
sustainable development and effective interventions.  

Keywords: SMART, SAFA, Sustainable Development 
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ABSTRACT

Introduction and Purpose: cutaneous leishmaniasis is neglected protozoan skin disease 
caused by phlebotoamine sand flies. This infectious disease is most prevalent in 88 countries 
of the world . The disease is quite common like a fever  and multiple lesion develope on 
naked part of body where sand fly get bite. Lesion is red ulcerated with pus in the center and 
very painful. Despite of severity of this tropical infectious and most prevalent skin disease 
still no proper treatment available rather than intralesional antimony injections. The natural 
herbal medicinal ointment from herbal plant is best topical application with no any side effect 
proved excellent therapy for cutaneous leishmaniasis patients.Materials and Methods: Study 
was conducted in coastal areas of province Baluchistan Pakistan where the occurance of sand 
flies were more common due to neighbouring border of Afghanistan.Total 300 patients were 
come to rural health center. According to inclusion and exclusion criteria only 150  Were 
selected . patients with multiple lesions have been divide into two groups of 75 n=75. The 
patients sample of lesion have been identified under electric microscope with positive 
cutaneous leishmaniasis parasite.  The herbal ointment have been made into two concentration 
of 2%and 3%. One group of 75patients have been treated with 2% and other group treated 
with 3% concentration . 40gm of herbal ointment given for one month to each patient for 
topical application twice in a day on each lesion. The patients were followed every week with 
excellent recovery and no itching or allergy occur. After one month of followup the excellent 
healing of lesion occur with skin covering in wound without any side effect and allergy. The 
followup have been taken for one year for any side effects. . Results: The  herbal remedy with 
extract of bark and leaves of plants in the form of ointment applied topically proved excellent 
therapy for this harsh ,painful protozonic infectious disease. Lesion healed completely with 
out any side effect. Discussion and Conclusion: The current study has demonstrated that  the 
herbal medicinal plants have been proved useful antiinfective,antiprotozonic and cost-
effective against this most prevalanted horrible skin disease. 

Key Words. Cutaneous leishmaniasis, lesion, herbal plant, coastal areas 
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Abstract 

Rice, a global staple food with over 80% of cultivation in Asian countries. India, stands as a 

prominent contributor in this food production sector where Assam is home to a multitude of 

ethnic rice varieties. This study aims to reveal the nutritional and physicochemical attributes 

of 20 distinct Bora rice cultivars from Assam. Morphometric analysis, following IRRI (1996) 

guidelines reveals substantial variations in grain size, shape and kernel measurements, 

providing opportunities for the development of improved rice cultivars. Hulling recovery 

percentages exhibited variations among rice grains, influencing commercial value. Cooking 

properties encompass water uptake, kernel elongation, gruel solid loss and minimum cooking 

time, offering valuable insights for consumer preferences. Functional properties such as water 

absorption index, water solubility index, swelling power, and oil absorption index, revealed 

the suitability of rice in various food preparations. Proximate analysis unveiled variations in 

moisture, ash, and fat content, which are pivotal in determining shelf-life, mineral 

composition and dietary implications. From the findings, Joha bora, Aghoni bora, Nol bora, 

Dhepa bora, Black rice, Ghee bora, Ronga bora, and Malbhog bora exhibited superior 

properties as compared to other varieties. Moreover, the findings revealed both positive and 

negative correlations among parameters, providing a robust knowledge base for Bora rice 

enabling the strategic selection and promotion of specific rice varieties based on their unique 

attributes. These insights hold promise for optimizing the utilization of Bora rice across 

diverse culinary and food applications, contributing to food security and culinary diversity. 

Keywords: Grain quality; nutritional properties; Bora rice; indigenous rice cultivar 
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Fruit leather is an alternative to candies represents a different method of fruit preservation. 
The objective of this study was to enhance the efficiency of grapes fruit leather production 
through a comparative analysis of two drying methods, sensory evaluation and 
characterization of physicochemical attributes. Initially, grapes fruit leather was prepared by 
using a hot air oven method to determine the optimal formulation. Subsequent trials were 
conducted using a microwave oven with a Box Behnken experimental design to optimize the 
drying process. Key independent variables included microwave power (MWP), microwave 
time (MWT), and leather thickness (LTH). Among the variables, microwave power (MWP) 
exerted the most significant influence, followed by microwave time (MWT), with leather 
thickness (LTH) having the least impact. The optimization process resulted in different 
conditions of each parameter, emphasizing the energy-efficient nature of the final product. 
Furthermore, according to sensory evaluation, microwave oven-dried products outperformed 
those dried using a hot air oven in terms of sweetness, flavor, texture, hardness, and time 
duration. Therefore, it is recommended to adopt novel processing technology such as 
microwave drying which is sustainable and to ensure the preservation of superior product 
quality.
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ABSTRACT 

Algae are cheap products for human consumption. These products are rich in protein, 
pigment, omega 3 and fatty acid, which are very important in terms of nutritional value. One 
of the main advantages of algae is easy storage and the possibility of using them in food 
processing. Algae have beneficial effects on human health; As the World Health Organization 
has recommended their consumption. Algae are a range of useful food materials that can be 
used in the commercial food industry. Dunaliella salina as an antioxidant and anticancer 
agent has many applicants all over the world. Dunaliella salina is a unicellular, biflagellate, 
motile, halophilic green alga without a cell wall. Dunaliella salina -
carotene in various industries. Dunaliella salina is considered as the most important 

-carotene in the world. This microalga is the most resistant 
eukaryote to salinity and the natural source of this microalga is supersaturated salt lakes. 
Many researchers have linked the adaptation mechanisms to high salinity in this microalga to 
the presence of molecules with low molecular weight and high stability, such as mycosporine 
and glycerol. Among other important compounds inside Dunaliella cells, we can refer to 
proteins, polysaccharides, vitamins and minerals. Most of these compounds have antioxidant 
and anticancer properties. This microalga has a high range of tolerance against fluctuations in 
environmental conditions such as salinity, temperature and light. Due to its beneficial 
compounds such as carotenoid pigment, glycerol, and unsaturated fatty acids, this alga has 
shown antioxidant, anticancer, and antimicrobial activity, and for this reason, it is a suitable 
candidate for use in the food, pharmaceutical, and cosmetic industries, and various companies 
in the world has become interested in its commercial production Dunaliella salina alga has 
various biological activities such as anti-cancer activity, anti-arteriosclerosis, anti-diabetes, 
improving eyesight, prevention of allergies, detoxification, etc. The cell size of this microalga 
is 6- -carotene in its cell wall. In addition, it can be 
cultivated easily, it has a relatively high cultivation speed and its fat content is also high. Due
to the lack of biological diversity in salty waters, species of the Dunaliella genus in this 
ecosystem are less fed, and in general, the main factor limiting their growth and reproduction 
is the high concentration of salt, the amount of nutrients, and the concentration of dissolved 
CO2. One of the unique features of this microalga is the ability to produce and accumulate 
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-carotene under conditions such as high salinity, high light intensity, and 
limited nutrients, which leads to the orange color of the cell and microalgal suspension. This 

- -carotene up to 
about 15% compared to the dry weight of the microalga under suitable growth conditions. 
This microalga can tolerate salt concentration between 0.5 to 5 M of sodium chloride. To 

-
carotene (about 10-15% of dry weight).  

Keywords: Dunaliella salina -carotene, halophilic alga, supersaturated salt lakes, food 
industry  
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Solid waste management is regarded as an environmental challenge affecting all spheres of 
environment including soil. However, little is known about the soil status under abandoned 
dumpsites of different ages. This study was carried out to investigate the effects of open 
dumpsite on soil properties in a rainforest region of Ogun State, Nigeria. The study made use 
of an active open dumpsite in Ijebu Ode. Four soil samples were collected at the distance of 
0m, 50m, 100m, and 150m from the dumpsite at three different directions. The soil samples 
were collected at the topsoil soil (0-15cm depth) with soil auger into well-labelled polythene 
bags. Soil samples were air-dried and sieved by 2mm mesh and thereafter taken to laboratory 
to determine the levels of physico-chemical properties of soil. The study made use of 
descriptive statistics (mean and standard deviation) to explain the results and inferential 
statistics such as analysis of variance (ANOVA) to determine the significant variation in the 
soil properties at p<0.05 significant levels. All statistical analyses were performed using 
Statistical Package for Social Sciences (SPSS) version 20.0. Findings showed that the sand 
content reduced with increasing distance from the dumpsite. Furthermore, the organic C and
total N were decreasing with increasing distance from the dumpsite while the heavy metals 
were increasing with increasing distance from the dumpsite. However, all heavy metals were 
significantly correlated with distance at p<0.05. The study recommended that indiscriminate 
dumping of waste should be banned/discouraged and proper monitoring/management and 
remediation plan is needed to reduce the chances of ground water pollution by leaching of 
these dumpsites; and the need to undertake regular environmental impact study to monitor 
waste on dumpsites soil and other environmental variables such as air, water and vegetation 
within Ijebu Ode is necessary.
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ABSTRACT 
Soilless agriculture is the method used to replace traditional agriculture due to increasing 
population, environmental problems, and unsustainable agriculture and it supports sustainable 
agriculture by reducing soil fatigue, diseases, and pests while increasing productivity through 
the efficient use of natural resources. Inorganic substrates used in soilless agriculture should be 
economical, well-drained, low-salt, and have an appropriate pH value. Among these substrates, 
vermiculite is low density and expands when heated, perlite is low density and sterile, and 
pumice is durable and sterile and is widely used in soilless agriculture. Sepiolite, rock wool, 
and volcanic tuff have high water absorption capacity. While zeolite contributes to increased 
yield and reduces fertilizer use, expanded clay aggregate has a high cation capacity and retains 
water and nutrients. 
The aim of this work is to investigate the element content of perlite, vermiculite, pumice, rock 
wool, zeolite, expanded clay aggregate, volcanic tuff and sepiolite which are some inorganic 
materials used in soilless agriculture. In this study, the elements content of some inorganic 
materials was carried out using inductively coupled plasma - optical emission spectrometry 
(ICP-OES). Consequently, Fe, Na, B, Ca, K, Si, P, S and Mn have higher contents whereas Al, 
Ba, Ga, Pb, Mg, Sr, Tl, Se, Cr, Co, Ni, Cu, Zn, Cd, Ge, Mo, Pd, P, Au, Sn, Sb, Ti and As have 
lower contents in the studied inorganic materials. Details can be found in our published paper 
[1]. 
Key Words: Soilless agriculture; Inorganic materials; Element content; ICP-OES 
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ÖZET 
Topraksız tarım; artan nüfus, çevre sorunları ve sürdürülemez tarım nedeniyle geleneksel 
tarımın yerine kullanılan yöntemdir ve doğal kaynakların verimli kullanımıyla verimliliği 
artırırken toprak yorgunluğunu, hastalıkları ve zararlıları azaltarak sürdürülebilir tarımı 
destekler. Topraksız tarımda kullanılan inorganik substratlar, ekonomik, iyi drenajlı, düşük 
tuzlu ve uygun pH değerinde olmalıdır. Bu substratlar arasında vermikülit düşük yoğunluklu 
olup ısıtıldığında genişler, perlit düşük yoğunluklu ve sterildir, pomza dayanıklı ve steril olup 
topraksız tarımda kulanımı yaygındır. Sepiyolit, kaya yünü ve volkanik tüf yüksek su 
absorbsiyon kapasitesine sahiptir. Zeolit verim artışına katkı sağlar ve gübre kullanımını 
azaltırken, genleşmiş kil agregası yüksek katyon kapasitesine sahip olup su ve besin 
maddelerini tutma özelliğine sahiptir. 
Bu çalışmanın amacı topraksız tarımda kullanılan perlit, vermikülit, pomza, kaya yünü, zeolit, 
genleştirilmiş kil agregası, volkanik tüf ve sepiyolit inorgank materyallerinin element içeriğinin 
araştırılmasıdır. Çalışmada topraksız tarımda kullanılan bazı inorganik materyallerin element 
içerikleri indüktif eşleşmiş plazma - optik emisyon spektrometresi (ICP-OES) ile elde 
edilmiştir. Elde edilen sonuçlara göre incelenen inorganik materyallerde Fe, Na, B, Ca, K, Si, 
P, S ve Mn elementleri daha yüksek oranda bulunurken Al, Ba, Ga, Pb, Mg, Sr, Tl, Se, Cr, Co, 
Ni, Cu, Zn, Cd, Ge, Mo, Pd, P, Au, Sn, Sb, Ti ve As elementlerinin ise daha düşük oranda 
bulunduğu gözlenmiştir. Detaylar yayınlanmış çalışmamız olan aşağıdaki kaynakta [1] yer 
almaktadır. 

Anahtar Kelimeler: Topraksız tarım; İnorganik materyaller; Element içeriği; ICP-OES 

 

Kaynakça 

Eke, C., Ozaydin Ozkara, R. (2024). Physicochemical properties and radiological hazards evaluations 
of some inorganic materials used in soilless agriculture. Environmental Progress & Sustainable Energy, 
43(2), e14283. https://doi.org/10.1002/ep.14283 
Not: Bu çalışma Akdeniz Üniversitesi Bilimsel Araştırma Projeleri Koordinasyon Birimi 
tarafından desteklenmştir (Proje No: FBA-2022-6016). Akdeniz Üniversitesi Bilimsel 
Araştırma Projeleri Koordinasyon Birimine teşekkür ederiz. Ayrıca Kastamonu Üniversitesi 
Merkezi Araştırma Laboratuvarı Uygulama ve Araştırma Merkezine ICP-OES analizi için 
teşekkür ederiz. 

50

https://doi.org/10.1002/ep.14283


AGRO-POTENTIAL OF BIOSURFACTANT TO SUSTAIN SOIL QUALITY, 
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Abstract

Micronutrients are essential elements/metals needed for normal growth and development of 
plants and are required in relatively small quantities. Deficiency of micronutrients in soil 
grounded global nutritional problem and, pervasive in several countries with various degree of 
severity. Addressing micronutrient deficiencies in agricultural soils to meet the growing 
demands of crops is a matter of great concern worldwide. Micronutrient deficiency occurs not 
only because of insufficient quantities present in soil, but also due to poor solubility. A
mesocosm study was conduct to evaluate the agro-potentiality of textile effluent (TE) 
augmented with lipopeptides biosurfactant on soil properties and, growth and productivity of 
wheat and chilli cultivars. Results of the study demonstrated that the chlorophyll a, b,
carotenoids and antioxidative response was significantly higher by applying up to 30%, while 
foliar protein, total biomass and yield of the crop was higher up to 20% dilution of TE 
augmented with biosurfactant in both the experimental crop cultivars. Micronutrients 
concentration in plants and soil was also enhanced by TE fertilization with biosurfactant 
augmentation. Changes in soil microbial communities at the end of the experiment reflected 
improved physical, chemical and enzymatic properties of soil. Results showed that the 
bacterial and, fungal colonies improved in soil treated with 20% TE with biosurfactant 
augmentation. The results indicated that lower dose of textile effluent is a good source of 
nutrients while biosurfactants served as good solubilizers of metals and make it readily 
available. It also indicated that lipopeptides biosurfactant could be an effective biological tool 
to reduce the toxic effect of persistent substances in soil, thus maintaining soil health and 
sustainable agriculture.

Key words: Biosurfactant; Textile effluent; Micronutrients; Triticum aestivum; Capsicum 
annum
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ABSTRACT

Sheep breeding, which is an important part of agriculture and animal husbandry, is widely 
done in our country. The diversity of sheep breeds bred depending on different climatic and 
geographical characteristics brings value to our country both economically and culturally.
There are many features in sheep breeding that directly affect economic return, product 
quality and animal health, and these features can be determined by genetic factors. There are 
many genes that affect milk productivity in sheep and play important roles to increase milk 
production and quality. Variations in the LALBA gene increase the nutritive value of milk and 
may affect milk quality. GH gene encodes growth hormone and affects the growth and 
development of milk glands. IGF-1 is a gene that influences growth and development and has 
been associated with milk yield and live birth weight. All these genes were generally 
associated with characteristics such as lactation, milk yield, fat and protein ratio in milk. 
Among the genes affecting physical characteristics such as meat and carcass in sheep are 
MSTN gene, which has an inhibitory effect on muscle mass and muscle development, CAPN1,
a gene affecting meat quality and tenderness, and CAST gene, which is thought to affect the 
softness and quality of meat after slaughter. Fertility is another important trait in animal 
breeding. Variations in the PRLR gene may affect milk yield and therefore fertility. It has also 
been shown that some mutations in the GDF9 gene can affect fertility and progeny yield in 
ewes. Fleece quality and fleece colour are also important traits in sheep breeding. KRT genes 
and keratin-related protein genes are directly related to wool quality and can affect the 
structural properties of wool fibres. Genetic studies provide a valuable source of information 
for developing genetic selection programs in sheep breeding and increasing the productivity 
of breeds. In this study, information will be given about genes associated with phenotypic 
traits such as productivity, growth, meat quality, milk yield, fleece quality and fleece colour, 
which are economically important in sheep breeding.

Key Words: Sheep breeding; Genes, Variations, Animal Husbandry 
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ABSTRACT

Introduction and Purpose: Phelipanche ramosa (L.) Pomel (Syn: Orobanche ramosa L.), 
also known as branched broomrape, is an obligate root parasite belonging to the family 
Orobanchaceae. Branched broomrape weed prefers tomato, eggplant and potato from 
Solanaceae family and lentil, sunflower and broad bean from legumes as hosts. The yield 
losses caused by broomrape on cultivated plants vary between 5-100% depending on the 
environmental conditions and the severity of the infection. Broomrape seeds, which are very 
small and millions of seeds are produced from a single plant, can spread to very large areas by 
seeds, wind, water and various means. In this study, it was aimed to determine the effects of 
different rates of branched broomrape seeds on some plant growth parameters. Materials and 
Methods: The study was carried out in the Department of Plant Protection, Faculty of 

In the study, branched broomrape and its 
hosts tomato and eggplant were used. In addition, pepper, which is not its host, was also 
tested. Before the cultivated plants were planted, 250, 500, 1000, 2000 and 4000 seeds of 
branched broomrape were mixed homogeneously to a depth of 8 cm in each pot. The 
experiment was planned according to the random plots experimental design with four 
replications; two tomatoes, two peppers and one eggplant in each pot. Results: According to 
the results, it was observed that branched broomrape was attached only to the roots of tomato 
and eggplant plants and the number of tubercles in the roots increased as the number of 
branched broomrape seeds in the soil increased. It was determined that the number of leaves, 
shoot length, root length, shoot diameter, chlorophyll content, total wet and dry weight in 
tomato and the number of leaves and shoot length in eggplant decreased as the weed 
infestation increased. Discussion and Conclusion: The increase in the amount of branched 
broomrape seeds increased the number of tubercles. Accordingly, the increase in the infection 
rate had a negative effect on the yield components. It can also be stated that the increased 
number of seeds did not have a negative effect in terms of intraspecific competition.

Key Words: Parasitic plant; Branched broomrape; Seed; Vegetables; 

FARKLI MİKTARLARDAKİ MAVİ ÇİÇEKLİ CANAVAR OTU (Phelipanche ramosa 
(L.) POMEL) TOHUMLARININ BAZI KÜLTÜR BİTKİLERİNE OLAN ETKİLERİ
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IĞDIR İLİNDE SÜRDÜRÜLEBİLİR TARIMSAL ÜRETİM İÇİN GÜNEŞ 
ENERJİSİNDEN ELEKTRİK ÜRETİMİ ÜZERİNE BİR ARAŞTIRMA 

A RESEARCH ON ELECTRICITY GENERATION FROM SOLAR ENERGY FOR 
SUSTAINABLE AGRICULTURAL PRODUCTION IN IĞDIR PROVINCE 

Hasan Kaan KÜÇÜKERDEM
Iğdır Üniversitesi Ziraat Fakültesi Biyosistem Mühendisliği Bölümü, Iğdır, Türkiye 

ORCID ID: 0000-0002-1593-4725 

Ümran ATAY
Mardin Artuklu Üniversitesi/Meslek Yüksekokulu/Makine Ve Metal Teknolojileri 

Bölümü/Makine Pr. Mardin, Türkiye 
ORCID ID: 0000-0002-2248-4582  

Prof.Dr. H. Hüseyin ÖZTÜRK
Çukurova Üniversitesi Ziraat Fakültesi Tarım Makinaları ve Teknolojileri Mühendisliği 

Bölümü, Adana, Türkiye  
ORCID ID: 0000-0001-6904-5539 

ABSTRACT 
Introduction and Purpose: Today, approximately 80% of global energy demand is met by 
fossil fuels such as oil, natural gas and coal. Fossil fuels, which are widely used for energy 
production, cause significant environmental problems such as global climate change as a result 
of greenhouse gas emissions. However, as the human population has increased, the need for 
fossil fuels and dependence on electricity have also increased exponentially. Therefore, 
renewable energy sources continue to be an effective alternative to prevent the negativities 
caused by fossil fuels. Over the years, many countries have started using renewable energy to 
solve their ongoing energy problems and thus achieve a clean environment. For these reasons, 
in this paper, the evaluation of solar energy potential in Iğdır province for electricity production 
in agricultural enterprises is discussed. Materials and Methods: Photovoltaic (PV) electricity 
production values were examined for 50 kWp, 100 kWp, 150 kWp and 250 kWp installed 
capacities from the solar energy potential in Iğdır province, using crystalline silicon PV cells. 
Results: In Iğdır province, solar radiation energy reaches 210 kWh/m2 in July. The amount of 
electricity that can be produced throughout the year for an installed capacity of 100 kWp in an 
agricultural enterprise varies between 6840.5 kWh (January) and 14474.2 kWh (August). 
Discussion and Conclusion: If the installed capacity is 250 kWp, the amount of electricity that 
can be produced throughout the year will vary between 17101.3 kWh (January) and 36185.5 
kWh (August). 
Key Words: Iğdır, Sustainable agriculture, Solar energy, Photovoltaic electricity generation, 
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ÖZET 
Günümüzde küresel enerji talebinin yaklaşık %80’ni petrol, doğal gaz ve kömür gibi fosil 
yakıtlardan karşılanmaktadır. Enerji üretimi için yaygın olarak kullanılan fosil yakıtlar, sera 
gazı salımları sonucunda küresel iklim değişikliği gibi önemli çevresel olumsuzluklara neden 
olmaktadır. Bununla birlikte, insan nüfusu arttıkça, fosil yakıtlara olan ihtiyaç ve elektriğe olan 
bağımlılık da katlanarak artmıştır. Bu nedenle, yenilenebilir enerji kaynakları, fosil yakıtların 
neden olduğu olumsuzlukları önlemek için etkin bir alternatif olmaya devam etmektedir. Yıllar 
geçtikçe, birçok ülke, devam eden enerji sorunlarını çözmek ve böylece temiz bir çevre için 
yenilenebilir enerji kullanmaya başlamıştır. Bu gerekçeler ile bu bildiride Iğdır ilindeki güneş 
enerjisi potansiyelinin tarım işletmelerinde elektrik üretimi amacıyla değerlendirilmesi 
tartışılmıştır. Iğdır ilinde güneş enerji potansiyelinden, kristal silikon PV hücreler kullanılarak, 
50 kWp, 100 kWp, 150 kWp ve 250 kWp kurulu kapasiteler için fotovoltaik (PV) elektrik üretimi 
değerleri incelenmiştir. Iğdır ilinde güneşten gelen ışınım enerjisi Temmuz ayında 210 kWh/m2 
düzeyine ulaşmaktadır. Bir tarım işletmesinde 100 kWp kurulu kapasite için yıl boyunca 
üretilebilecek elektrik miktarı 6840,5 kWh (Ocak) ile 14474,2 kWh (Ağustos) arasında 
değişmektedir. Kurulu kapasitenin 250 kWp olması durumunda yıl boyunca üretilebilecek 
elektrik miktarı 17101,3 kWh (Ocak) ile 36185,5 kWh (Ağustos) arasında değişecektir. 
Anahtar Kelimeler: Iğdır, Sürdürülebilir tarım, Güneş enerjisi, Fotovoltaik elektrik  
 
 

GİRİŞ 
 
Enerji, herhangi bir ulusun sosyoekonomik kalkınmasına kılavuzluk eden vazgeçilmez bir 
metadır. Günümüzde yapılan çalışmalar, küresel enerji talebinin yaklaşık %80’inin ham petrol, 
doğal gaz ve kömür gibi fosil yakıtlardan karşılandığını bildirmektedir. Enerji üretimi için 
yaygın olarak kullanılan fosil yakıtlar, sera gazlarına, çevrenin kirlenmesine, seller ve sıcak 
hava dalgaları gibi aşırı iklim olaylarına ve orman yangınlarına neden olmaktadır. Bununla 
birlikte, insan nüfusu arttıkça, fosil yakıtlara olan ihtiyaç ve elektriğe olan bağımlılık da 
katlanarak artmıştır. Bu nedenle, yenilenebilir enerji kaynakları, fosil yakıtların neden olduğu 
bozulmayla ilgili yaklaşan tehlikeleri engellemek için etkin bir alternatif olmaya devam 
etmektedir. Yıllar geçtikçe, birçok ülke, devam eden enerji sorunlarını çözmek ve böylece temiz 
bir çevre elde etmek için yenilenebilir enerji kullanmaya başlamıştır. Bununla birlikte, fosil 
yakıtlar, küresel elektriğin yaklaşık %40’ına katkıda bulunan ana güç kaynağı olmaya devam 
etmektedir. Bununla birlikte, küresel toplumda yenilenebilir enerji kaynaklarının (YEK) 
gelecekteki potansiyeline ilişkin ciddi kampanyalar devam etmektedir (Atal ve Ark., 2024). 
Birincil enerji kaynaklarının çeşitlendirilmesi ve ülkemizin sahip olduğu kaynakların rasyonel 
bir şekilde kullanılması hem sürekliliğin hem de düşük maliyetli enerji arzının kilit 
bileşenleridir. Kaynak çeşitliliği, hem kaynak tipinde hem de ithal edilen kaynağın sağlandığı 
ülkede çeşitliliği kapsamaktadır. Bu bağlamda, dışa bağımlılıktan kaynaklanan risklerin 
azaltılması ve enerji kaynaklarımızın öne çıkarılması ülke ekonomisi açısından büyük önem 
taşımaktadır. 
Türkiye, dünyanın en hızlı büyüyen enerji piyasalarından biridir ve toplam enerji talebi hızla 
artmaktadır. İklim değişikliği, hava kirliliğinin sağlık üzerindeki etkileri, enerji güvenliği, artan 
petrol fiyatları gibi birçok endişeye yanıt olarak, Türkiye’de yenilenebilir teknolojiler 
gelişmeye devam etmekte ve güneş PV elektrik üretimi, gelecekteki enerji karışımının 
öncülerinden biri olarak karşımıza çıkmaktadır. Yenilenebilir enerji, Türkiye’nin enerjideki, 
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dışa bağımlılığını azaltmak ve iklim ile ilgili hedeflerine ulaşmak açısından çok önemlidir. 
Türkiye’nin 2024 Ocak ayı itibariyle kurulu gücünün % 55’lik kısmını yenilenebilir kaynaklar 
oluşturmaktadır. Yenilenebilir enerjide her yıl 5 bin MW kurulu güç artışı öngörülmektedir. 
Özellikle güneş enerjisinde 3 500 MW, rüzgar enerjisinde ise 1500 MW kurulu güç artışı 
beklenmektedir. Önümüzdeki 12 yılda toplam 60 000 MW düzeyinde yeni kurulu güce ulaşmak 
hedeflenmektedir (Atal ve Ark., 2024). 
Uluslararası Güneş Enerjisi Topluluğu Türkiye Bölümü (GÜNDER) tarafından 2022 yılında 10 
ile 11 GW arasında kurulu güneş enerjisi kapasitesine ulaşılacağı öngörülmüştür. 2023 yılında 
en az 13 GW, 2030 yılında ise 30 GW kapasiteye ulaşılması beklenmektedir. Bu senaryoda, 
sektörel istihdam ve nitelikli iş gücü artacak, yerli modül teknolojileri ve üretim sanayi 
kapasitesi gelişecektir. Tüm bu gelişmeler Türkiye’nin bölgesel güneş enerjisi lideri olmasını 
sağlayacaktır. Ayrıca, güneş enerjisindeki kapasite artışı, Türkiye’de depolama sistemlerinin 
geliştirilmesi ile desteklenecektir. Güneş enerjisi, en az 500 GW beklenen potansiyeli ile 
Türkiye’de henüz kullanılmayan en değerli yenilenebilir enerji kaynaklarından biridir. Bu 
gerekçeler ile bu bildiride Iğdır ilindeki güneş enerjisi potansiyelinin elektrik üretiminde 
değerlendirilmesi tartışılmıştır. 

IĞDIR İLİ GÜNEŞ ENERJİSİ POTANSİYELİ 
 
Iğdır ilinin güneş enerjisi potansiyel haritası Şekil 1’de, toplam güneş enerjisi ve güneşlenme 
süresinin aylık değişimi Şekil 1’de verilmiştir. Toplam güneş enerjisi Aralık ayında en düşük 
(1,34 kWh/m2gün) değerde iken, Haziran ayında ise en yüksek (6,54 kWh/m2gün) değerine 
ulaşmaktadır (Şekil 2). Güneşlenme süresi Aralık ayında en düşük (5,61 h/yıl) değerde iken, 
Temmuz ayında ise en yüksek (12,59 h/yıl) değerine ulaşmaktadır. Iğdır ilinde yıllık toplam 
güneş enerjisi 48,91 kWh/m2gün, toplam güneşlenme süresi ise 109,79 h/yıl değerlerindedir 
(Çizelge 1). Toplam güneş enerjisi kış mevsiminde en düşük (5,33 kWh/m2gün) değerde iken, 
yaz mevsiminde ise en yüksek (18,81 kWh/m2gün) değerine ulaşmaktadır (Çizelge 1). Benzer 
şekilde güneşlenme süresi de kış mevsiminde en düşük (18,83 h/yıl) değerde iken, yaz 
mevsiminde ise en yüksek (36,58 h/yıl) değerine ulaşmaktadır. 

 
Şekil 1. Iğdır ili güneşlenme haritası (EİGM, 2024) 
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Şekil 2. Iğdır ilinde toplam güneş enerjisi (kWh/m2gün) (sol) ve güneşlenme süresinin 

(h/yıl) (sağ) aylık değişimi (EİGM, 2024) 
Çizelge 1. Iğdır İlinde Güneş Enerjisi Ve Güneşlenme Süresinin Değişimi (EİGM, 2024) 

Mevsimler Toplam güneş enerjisi 
(kWh/m2gün) 

Toplam güneşlenme süresi 
(h/yıl) 

İlkbahar 14,63 28,94 
Yaz 18,81 36,58 
Sonbahar 10,14 25,44 
Kış 5,33 18,83 
TOPLAM 48,91 109,79 

BULGULAR VE TARTIŞMA 
Iğdır ilinde toplam güneş enerjisi değerlerinin aylık değişimi Şekil 3’de verilmiştir. Iğdır ilinde 
yıllık toplam güneş enerjisi 1800,5 kWh/m2 değerlerindedir (Çizelge 2). Toplam güneş enerjisi 
kış mevsiminde en düşük (272,4 kWh/m2) değerde iken, yaz mevsiminde ise en yüksek (614,5 
kWh/m2) değerine ulaşmaktadır (Çizelge 2). 

 
Şekil 3. Iğdır ilinde toplam güneş enerjisinin (kWh/m2) yıllık değişimi 

Çizelge 2. Iğdır İlinde Toplam Güneş Enerjisinin Mevsimlik Değişimi (EİGM, 2024) 
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Mevsimler Toplam güneş enerjisi 
(kWh/m2) 

İlkbahar 461,8 
Yaz 614,5 
Sonbahar 451,8 
Kış 272,4 
TOPLAM 1800,5 

Aşağıdaki bölümlerde Iğdır ilinde Şekil 3 ve Çizelge 2’de verilen güneş enerji potansiyelinden, 
kristal silikon PV hücreler kullanılarak, 50 kWp, 100 kWp, 150 kWp ve        250 MWp kurulu 
kapasiteler için fotovoltaik (PV) elektrik üretimi değerleri incelenmiştir. 
 

50 kWp Kurulu Kapasite İçin Elektrik Üretimi 
Iğdır ilinde 50 kWp kurulu kapasite için fotovoltaik (PV) elektrik üretim değerlerinin yıllık 
değişimi Şekil 4’de verilmektedir. Iğdır ilinde 50 kWp kurulu kapasite için yıllık toplam 
66250,2 kWh elektrik üretilebilecektir. Toplam elektrik üretimi Ocak ayında en düşük (3420,3 
kWh) değerde iken, Ağustos ayında ise en yüksek (7237,1 kWh) değerine ulaşmaktadır (Şekil 
4).  

 
Şekil 4. Iğdır ilinde 50 kWp kurulu kapasite için güneş enerjisinden elektrik üretiminin 

(kWh) yıllık değişimi 

100 kWp Kurulu Kapasite İçin Elektrik Üretimi 
Iğdır ilinde 100 kWp kurulu kapasite için fotovoltaik (PV) elektrik üretim değerlerinin yıllık 
değişimi Şekil 5’de verilmektedir. Iğdır ilinde 100 kWp kurulu kapasite için yıllık toplam 
132499,8 kWh elektrik üretilebilecektir. Toplam elektrik üretimi Ocak ayında en düşük (6840,5 
kWh) değerde iken, Ağustos ayında ise en yüksek (14474,2 kWh) değerine ulaşmaktadır (Şekil 
5).  
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Şekil 5. Iğdır ilinde 100 kWp kurulu kapasite için  güneş enerjisinden elektrik üretiminin 

(kWh) yıllık değişimi 

150 kWp Kurulu Kapasite İçin Elektrik Üretimi 
Iğdır ilinde 150 kWp kurulu kapasite için fotovoltaik (PV) elektrik üretim değerlerinin yıllık 
değişimi Şekil 6’da verilmektedir. Iğdır ilinde 150 kWp kurulu kapasite için yıllık toplam 
198749,6 kWh elektrik üretilebilecektir. Toplam elektrik üretimi Ocak ayında en düşük 
(10260,8 kWh) değerde iken, Ağustos ayında ise en yüksek (21711,3 kWh) değerine 
ulaşmaktadır (Şekil 6).  

 
Şekil 6. 150 kWp kurulu kapasite için elektrik üretiminin (kWh) yıllık değişimi 

250 kWp Kurulu Kapasite İçin Elektrik Üretimi 
Iğdır ilinde 250 MWp kurulu kapasite için fotovoltaik (PV) elektrik üretim değerlerinin yıllık 
değişimi Şekil 7’de verilmektedir. Iğdır ilinde 250 kWp kurulu kapasite için yıllık toplam 
331249,5 kWh elektrik üretilebilecektir. Toplam elektrik üretimi Ocak ayında en düşük 
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(17101,3 kWh) değerde iken, Ağustos ayında ise en yüksek (36195,5 kWh) değerine 
ulaşmaktadır (Şekil 7).  

 
Şekil 7. 250 kWp kurulu kapasite için elektrik üretiminin (kWh) yıllık değişimi 

 

SONUÇ VE ÖNERİLER 
Birçok ülke fosil yakıtlar tarafından sürdürülen enerji ve ekonomik zorluklarıyla yüzleşmek 
için, alternatif enerji kaynakları olarak son zamanlarda güneşe dayalı teknolojiler 
geliştirmişlerdir. Hızlı ekonomik büyümeye ayak uydurabilmek ve iklim değişikliği riskini 
azaltmak için PV sistemlerin her alanda kullanımını teşvik edecek stratejiler geliştirilmiştir. PV 
sistemlerin maliyetinin azaltılması, bunların yaygın olarak benimsenmesi ve enerji 
piyasasındaki rekabet gücü açısından çok önemlidir. PV teknolojilerde maliyet azalması 
sağlamak için çeşitli stratejiler uygulanmıştır. Dünyadaki en ucuz elektrik kaynaklarından biri 
olan güneş enerjiden üretilen elektriğin MWh (1000 kWh) maliyeti 5060 USD seviyesindedir. 
Bu çalışmada, Iğdır ilinde güneş enerji potansiyelinden, kristal silikon PV hücreler kullanılarak, 
50 kWp, 100 kWp, 150 kWp ve 250 MWp kurulu kapasiteler için fotovoltaik (PV) elektrik 
üretimi değerleri incelenmiştir.    
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ABSTRACT

Introduction and Purpose: Lettuce is a vegetable that has great commercial importance and human 
nutrition in our country and around the world. It is produced all year round and is produced in open 
field conditions, greenhouses and tunnels. A lot of chemical fertilizer applications are made in 
production areas. As a result of these practices, soil fertility and sustainability are severely damaged. 
It is important to make the nutrients that are unavailable in the soil available to plants by applying 
PGPR bacteria and mycorrhiza to areas that were previously cultivated with chemical fertilizers. 
Additionally, it is known that foliar zinc applications have a positive effect on both yield and quality 
parameters of plants. The aim of this study was to determine the bacteria that have the most impact 
on yield and quality, the zinc dose and the effectiveness of mycorrhiza by applying mycorrhiza, zinc, 
Polyxma and M3 bacteria to lettuce plants grown during the winter months in greenhouse conditions. 
Materials and Methods: The commercial name Ice Palace lettuce seed was preferred as lettuce seed. 
Seeds were first planted in viols, and the seedlings that reached planting size were transplanted into 
pots. Zinc (25, 50 and 75 ppm) was applied to the planted seedlings from the leaves, and Polyxma 
and M3 bacteria were applied to the planted seedlings. Solid mycorrhizae were applied from the soil 
to the pots where mycorrhizae were applied. Our study was conducted on a total of 96 pots, with 4 
replications for each application. Results: It has been determined that lettuce plants treated with 
polyxma, mycorrhiza and 25 ppm zinc developed more, had more leaves, and increased the amount 
of chlorophyll in the leaf. Additionally, it was determined that 50 and 75 ppm application doses of 
zinc did not have a positive effect on the lettuce plant. Discussion and Conclusion: This study has 
shown that polyxma and M3 PGPR bacteria, mycorrhiza and zinc applications can affect the yield 
and quality parameters of lettuce plants and that these applications can be carried out in cultivation. 
As a result, it was found that when polyxma, mycorrhiza and zinc (25ppm) were applied in 
combination on lettuce plants, they had positive effects on the yield and quality of the plant. 

Key Words: Lettuce, PGPR, Mycorrhiza, Zinc 
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alanlara PGPR bakterileri ve mikoriza uygulama

bilinmekte

Marul tohumu olarak ticari ismi Ice Palace marul tohumu 

Bulgular:

 bitkinin 

Anahtar Kelimeler:
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Abstract Consuming tea that has been steeped under cold conditions can effectively meet the body's 

antioxidant requirements. This discovery sheds light on an alternative method of obtaining 

antioxidants, which are crucial for maintaining human health or soursop leaves contain several 

phytochemicals (i.e. alkaloids, phenolics, and essential oils), responsible for their medicinal 

properties. By opting for A.muricata cold-infused tea, individuals can enjoy a refreshing beverage 

while simultaneously benefiting from its antioxidant properties. This finding has the potential to
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revolutionise the way herbal tea is normally consumed. The study focused on optimising the 

parameters for cold infusion of A.muricata leaves using a three-factor Box-Behnken design. The 

variables of infusion temperature, duration, and water ratio were tested at different values, ranging 4, 

 10, 35 and 60 minutes, and 50, 75 and 100 mL, respectively. Increased extraction 

durations resulted in enhanced migration of active compounds. The levels of phenolic and flavonoid 

compounds in A.muricata leaves tea were found to be influenced by the duration and temperature of 

infusion. The study found a positive association between the properties of scavenging, ferric 

reducing, and ion metal chelating in tea made from black Annona muricata leaves. The process of 

cold infusion decreases the extraction of tannin from tea leaves, resulting in a reduction of bitterness 

and astringency. The ideal conditions for preparing cold Annona muricata leaves infusion were at 

 overall desirability of this preparation was found to

be 0.733. 

Keywords: Annona muricata, cold infusion, optimization, antioxidant 
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ABSTRACT 
Introduction and Purpose: The dairy industry is changing towards more energy-intensive 
management styles, leading to higher environmental and economic burdens. The intense level of 
mechanization has reduced the need for labor in dairy farm activities and increased the use of 
devices that require fossil fuel consumption. When the total energy demand in the life cycle of 
milk is examined, the largest contribution to energy use is milk production, which requires almost 
40% of all consumption. Efficient use of direct energy (diesel or gasoline, electricity and liquefied 
petroleum gas (LPG)) is one of the solutions to reduce the environmental burden and associated 
costs in the dairy production sector. Studies on dairy farms in Europe have shown that direct energy 
consumption, which accounts for approximately 25% of non-renewable primary energy use, 
comes from electricity consumption on the farm for milking, milk cooling, manure transport, 
ventilation and lighting, and approximately 15% from the use of diesel for on-farm activities. 
Modeling diesel and electricity requirements on dairy farms has allowed the associated CO2 
emissions and milk production costs to be estimated based on farm characteristics. In this research, 
direct energy (electricity + Diesel) consumption in dairy cattle farms in Adana province was 
determined. Materials and Methods: A survey was conducted with a total of 55 dairy cattle 
operators in 15 districts of Adana province, and the surveyed enterprises were determined by 
stratified random sampling method Results:. In Adana province, a total of 10.5 MJ of direct 
(electricity + Diesel) energy is consumed for 1 kg of fat and protein corrected milk (FPCM). 
Electricity consumption constitutes 5.71% of the total energy consumption for 1 kg FPCM 
production, while Diesel fuel consumption constitutes 94.29%. Discussion and Conclusion: A 
total of 4554.31 MJ of direct (electricity + Diesel) energy is consumed per milking cow. While the 
energy consumption related to electricity consumption per milking cow is at the level of 260.19 
MJ, the energy consumption related to diesel fuel consumption is at the level of 4294.12 MJ. While 
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electricity consumption constitutes 5.71% of the total energy consumption per lactating cow, 
94.29% consists of Diesel fuel consumption. 
Key Words: Adana, Cow milk, Energy consumption 

 

ÖZET 
Süt sığırcılığı sektörü, daha yüksek çevresel ve ekonomik yüklere yol açan, daha fazla enerji 
gerektiren yönetim biçimlerine doğru değişmektedir. Yoğun makineleşme düzeyi, süt sığırcılığı 
çiftlikleri faaliyetlerinde işgücü gereksinimini azaltmış ve fosil yakıt tüketimini gerektiren 
cihazların kullanımını artırmıştır. Sütün yaşam döngüsündeki toplam enerji talebi incelendiğinde, 
enerji kullanımına en büyük katkı, tüm tüketimin neredeyse %40’ını gerektiren süt üretimidir. 
Doğrudan enerjinin (dizel veya benzin, elektrik ve sıvılaştırılmış petrol gazı (LPG) verimli 
kullanımı, süt üretim sektöründe çevresel yükün ve buna bağlı maliyetlerin azaltılmasına yönelik 
çözümlerden biridir. Avrupa’daki süt çiftliklerinde yapılan araştırmalar, yenilenemeyen birincil 
enerji kullanımının yaklaşık %25’ini oluşturan doğrudan enerji tüketiminin, çiftlikte sağım, süt 
soğutma, gübre taşıma, havalandırma ve aydınlatma için kullanılan elektrik tüketiminden ve çiftlik 
içi faaliyetler için yaklaşık %15 oranında dizel kullanımından kaynaklandığını göstermektedir. Süt 
çiftliklerindeki dizel ve elektrik gereksinimlerinin modellenmesi, ilgili CO2 salımlarının ve süt 
üretim maliyetlerinin çiftlik özelliklerine bağlı olarak tahmin edilmesine olanak sağlamıştır. Bu 
araştırmada, Adana ilinde süt sığırcılığı işletmelerinde doğrudan enerji (elektrik+Dizel) tüketimi 
belirlenmiştir. Adana iline bağlı 15 ilçede toplam 55 süt sığırcılığı işletmecisi ile anket çalışması 
yapılmış olup, anket yapılan işletmeler tabakalı tesadüfî örnekleme yöntemi ile belirlenmiştir. 
Adana ilinde 1 kg yağı ve proteini düzeltilmiş süt (FPCM) için toplam 10,5 MJ doğrudan 
(elektrik+Dizel) enerji tüketilmektedir. 1 kg FPCM üretimi için toplam enerji tüketiminin 
%5,71’ini elektrik tüketimi oluştururken, %94,29’unu Dizel yakıt tüketimi oluşturmaktadır. Süt 
veren inek başına toplam 4554,31 MJ doğrudan (elektrik+Dizel) enerji tüketilmektedir. Süt veren 
inek başına elektrik tüketimine ilişkin enerji tüketimi 260,19 MJ düzeyinde iken, Dizel yakıt 
tüketimine ilişkin enerji tüketimi 4294,12 MJ düzeyindedir. Süt veren inek başına toplam enerji 
tüketiminin %5,71’ini elektrik tüketimi oluştururken, %94,29’unu Dizel yakıt tüketimi 
oluşturmaktadır.  
Anahtar Kelimeler: Adana, İnek sütü, Enerji tüketimi 
 
 

GİRİŞ 
 
Birleşmiş Milletler Gıda ve Tarım Örgütü (FAO), küresel süt ve süt ürünleri tüketiminin 
20052007 seviyelerine kıyasla, 2050 yılına kadar, % 19 oranında artarak 99 kg/yıl düzeyine 
ulaşacağını tahmin etmiştir (Bruinsma, ve Alexandratos, 2020). Bu artış büyük ölçüde gelişmekte 
olan ülkelerde, Gayri Safi Yurtiçi Hasılanın (GSYİH) öngörülen büyümesi nedeniyle, talebin 
artmasından kaynaklanmaktadır. Latin Amerika, Sahra Altı Afrika, Güney Asya, Doğu Asya ve 
Yakın Doğu/Kuzey Afrika’da % 46 oranında bir artış öngörülmektedir. Bu durumda, 20182027 
yılları arasındaki on yıllık dönemde, küresel süt üretiminde % 22 oranında bir artış 
öngörülmektedir (FAO, 2018). Avrupa Birliği (AB-28), 2018 yılında, 153 milyar litre süt üretimi 
ile ABD’den % 59 oranında daha fazla süt üreten dünyada en fazla süt üreticisi durumunda idi 
(AHTBWMD, 2019). 2015 yılından bu yana, AB ve ABD’de süt talebindeki artış, küresel talep 
artışının karşılanmasına yardımcı olmak için % 6 artmıştır (AHTBWMD, 2019). Çevresel açıdan 
bakıldığında, artan süt hayvanı sayısı ve buna bağlı olarak artan süt üretimi, hayvancılık 
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işletmelerinde enerji tüketimi ve ilgili sera gazlarının (GHG) salımları ile ilgili önemli zorluklarla 
karşı karşıyadır. 
Günümüz dünyasında fosil yakıtların tüketimi sanayi öncesi devrimden bu yana artmıştır. Fosil 
yakıt tüketimi artışına bağlı olarak insan faaliyetleri nedeniyle çevreye karbondioksit (CO2) 
salımları da artmıştır. Karbondioksit, iklim değişikliği üzerindeki etkileri nedeniyle önemli bir sera 
gazıdır (GHG). Dünya atmosferinde en bol bulunan ve en kalıcı sera gazıdır. Benzer şekilde, yoğun 
hayvancılık üretimi ve tüm tarım sektörü, çevreye önemli miktarlarda GHG salımından 
sorumludur. Dünya Gıda ve Tarım Örgütü (FAO), arazi kullanımından yem üretimine kadar tüm 
üretim zinciri dikkate alındığında, küresel GHG emisyonlarının yaklaşık %18’inin hayvancılık 
sektöründen kaynaklandığını bildirmektedir (FAO, 2006). Hayvansal üretim verimliliği ve dikkate 
alınan sistem sınırı, çevresel yük ile sıkı bir şekilde ilişkilidir. İtalya’da hayvansal üretimden 
kaynaklanan GHG salımları, toplam salımların yaklaşık %3’ünü oluşturmaktadır. Bu salımların 
%65’i kuzey bölgelerde, %9’u orta bölgelerde ve %26’sı güney bölgelerde gerçekleşmektedir. 
Tüm hayvancılık salımlarının %56'sı süt sığırcılığı işletmelerinde gerçekleşmektedir (Pulina ve 
Ark., 2012). 
Süt hayvancılığı sektörü, daha yüksek çevresel ve ekonomik yüklere yol açan, daha fazla enerji 
gerektiren yönetim biçimlerine doğru değişmektedir. Yoğun makineleşme düzeyi, süt sığırcılığı 
çiftlikleri faaliyetlerinde işgücü gereksinimini azaltmış ve fosil yakıt tüketimini gerektiren 
cihazların kullanımını artırmıştır. Sütün yaşam döngüsündeki toplam enerji talebi incelendiğinde, 
enerji kullanımına en büyük katkı, tüm tüketimin neredeyse %40’ını gerektiren süt üretimidir 
(IDF, 2009). Doğrudan enerjinin (dizel veya benzin, elektrik ve sıvılaştırılmış petrol gazı (LPG) 
verimli kullanımı, süt üretim sektöründe çevresel yükün ve buna bağlı maliyetlerin azaltılmasına 
yönelik çözümlerden biridir. Avrupa’daki süt çiftliklerinde yapılan araştırmalar, yenilenemeyen 
birincil enerji kullanımının yaklaşık %25’ini oluşturan doğrudan enerji tüketiminin, çiftlikte 
sağım, süt soğutma, gübre taşıma, havalandırma ve aydınlatma için kullanılan elektrik 
tüketiminden ve çiftlik içi faaliyetler için yaklaşık %15 oranında dizel kullanımından 
kaynaklandığını göstermektedir. (IDF, 2009). Süt çiftliklerindeki dizel ve elektrik 
gereksinimlerinin modellenmesi, ilgili CO2 salımlarının ve süt üretim maliyetlerinin çiftlik 
özelliklerine bağlı olarak tahmin edilmesine olanak sağlamıştır.  
Enerji tüketimleri, dikkate alınan üretim sisteminin verimliliğiyle sıkı bir şekilde ilişkilidir. Aynı 
zamanda teknolojik seviye, yönetim türü ve sürü boyutlarıyla da ilişkilidir. Ludington ve Johnson 
(2003) tarafından yapılan ABD’deki 32 süt sığırı çiftliğini kapsayan bir çalışmada, elektrik 
tüketimi sığır başına yılda 8001200 kWh arasında değiştiği belirlenmiştir. Avrupa’daki 
çiftliklerde elektrik tüketimi laktasyondaki sığır başına İtalya’da 401 kWh (Murgia ve Ark., 2013) 
ve Fransa’da 420 kWh (IE, 2009) olarak bildirilmiştir. Almanya’da elektrik tüketimi bir ton süt 
başına 90 kWh olarak bildirilmiştir (Jakel, 2003).  
Bu araştırmada, Adana ilinde süt sığırcılığı işletmelerinde doğrudan enerji (elektrik+Dizel) 
tüketimi belirlenmiştir. Adana iline bağlı 15 ilçede toplam 55 süt sığırcılığı işletmecisi ile anket 
çalışması yapılmış olup, anket yapılan işletmeler tabakalı tesadüfî örnekleme yöntemi ile 
belirlenmiştir. 
 

MATERYAL VE YÖNTEM 
Süt üretiminde enerji tüketiminin belirlenmesi için; litre (L) süt, kilogram (kg) süt  (Eşitlik 1), yağ 
ve proteini düzeltilmiş süt (FPCM) (Eşitlik 2) ve enerji düzeltilmiş süt (ECM) (Eşitlik 3) terimleri 
kullanılır (Sjaunja, 1990). FPCM ve ECM birimleri, farklı ırklara veya besleme rejimlerine sahip 
çiftlikler arasında eşit bir değerlendirme yapılmasını sağladığı için uluslararası karşılaştırmalarda 
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yaygın olarak kullanılmaktadır (Shine ve Ark., 2020). Çalışmada FPCM değerleri Uluslararası 
Sütçülük Federasyonu (IDF, 2010) tarafından tanımlanan eşitlik (3) kullanılarak belirlenmiştir. 

kgsüt = Lsüt  (sütün hacimsel kütlesi)…………………………………………………(1) 

FPCM = kgsüt  (0,1226  % yağ) + (0,0776  % protein) + 0,2534)     kgFPCM….(2) 

ECM = Lsüt  (0,383  % yağ) + (0,242  % protein) + 0,7832 / 3,1138 kgECM….(3) 
Bu eşitliklerde; sütün hacimsel kütlesi 1,03 kg/L değerine eşit olduğunda, Lsüt- litre olarak süt 
hacmi, % yağ- sütteki yağ yüzdesi (%) ve (%) protein- sütteki protein yüzdesidir. 

İnek Sütü Üretiminde Enerji Tüketiminin Belirlenmesi 
İnek sütü üretim işlemleri sırasında kullanılan traktör ve elektrik motorları tarafından tüketilen 
yakıt ve elektrik miktarları doğrudan enerji girdisi olarak dikkate alınmıştır. 

ElektrikDizeldğ ETETET  …………………………………………………………..(4) 

Burada; 

ETdğ = Doğrudan enerji tüketimi (MJ),  

ETDizel = Üretilen süt için yakıt enerjisi tüketimi (MJ) ve 

ETElektrik = Üretilen süt için elektrik enerjisi tüketimidir (MJ). 

 

Yakıt Enerjisi Tüketimi 
Tüketilen yakıt enerjisi miktarı, inek sütü üretim işlemleri sırasında traktör ve su pompası motoru 
tarafından tüketilen dizel yakıt miktarı ve yakıtın ısıl değerine bağlı olarak aşağıdaki gibi 
hesaplanmıştır. 

  

FPCM

DizelDizel
Dizel

SM

LHVM
ET


 ………………………………………………….……(5) 

Burada; 

ETDizel = Üretilen süt için Dizel yakıt enerjisi tüketimi (MJ/kgFPCM), 

MDizel = Süt üretimi için Dizel yakıt tüketimi (kg),  

LHVDizel = Dizel yakıtının alt ısıl değeri (MJ/kg) ve 

SMFPCM  Yağı ve proteini düzeltilmiş toplam süt miktarıdır (kgFPCM). 

Süt üretim işlemleri sırasında traktör ve su pompası motoru tarafından tüketilen dizel yakıtının alt 
ısıl değeri LHV = 44,56 MJ/kg (LHV=37,1 MJ/L / 0,8325 kg/L) olarak dikkate alınmıştır (IPCC, 
2006). 
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Elektrik Enerjisi Tüketimi 
İnek sütü üretiminde elektrik enerjisi tüketimi, üretim işlemleri sırasında kullanılan elektrik 
motorlarının elektrik tüketimi değerleri dikkate alınarak belirlenmiştir. Bu durumda, birim üretilen 
süt (1 kgFPCM) miktarı için elektrik enerjisi tüketimi aşağıdaki gibi hesaplanmıştır. 

  

FPCM

Elektrik
Elektrik

SM

,M
ET

63
 ………………………………………………….……....(6) 

Burada; 

ETElektrik = Üretilen süt için elektrik tüketimi (MJ/kgFPCM), 

MElektrik = Süt üretimi için tüketilen elektrik miktarı (kWh), 

3,6 = 1 kWh = 3,6 MJ (kWh/MJ) ve 

SMFPCM  Yağı ve proteini düzeltilmiş toplam toplam süt miktarıdır (kgFPCM). 

Enerji Etkinliğinin Belirlenmesi 
İnek sütü üretimine ilişkin enerji kullanım etkinliği, süt üretiminde doğrudan (Dizel+elektrik) 
enerji tüketimi ve üretim sonucunda elde edilen süt miktarı (kgFPCM) esas alınarak aşağıdaki gibi 
tanımlanmıştır. Birim üretim değerine (1 kgFPCM) karşılık tüketilen enerji miktarına karşılık gelen 
enerji etkinliği aşağıdaki eşitlik ile belirlenmiştir.  

FPCMFPCM

dğ

kg

MJ

SM

ET
EE  ……………………………………..................................(7) 

Burada; 

EE = Süt üretiminde enerji etkinliği (MJ/kgFPCM), 

ETdğ = Süt üretimi için doğrudan enerji (elektrik+Dizel) tüketimi (kWh) ve 

SMFPCM  Yağı ve proteini düzeltilmiş toplam toplam süt miktarıdır (kgFPCM). 

   

BULGULAR VE TARTIŞMA 
İnek Sütü Üretiminde Enerji Tüketimi 
Adana ilinde süt sığırcılığı yapan işletmelerinin günlük ortalama süt üretimi 19,5 L olarak 
belirlenmiştir. Bir ineğin yıllık süt verimi 305 günlük laktasyon süresinde 19,5  305 = 5947,5 L 
olarak hesaplanmıştır. İnek başına yıllık litre (L) olarak süt verimi, yağ ve proteini düzeltilmiş süt 
olarak 6125,93 kgFPCM/inek-yıl değerine karşılık gelmektedir. 
Adana ilinde 1 kg FPCM üretimi için enerji tüketimi değerleri Şekil 1’de verilmiştir. Adana ilinde 
1 kg FPCM için toplam 10,5 MJ doğrudan (elektrik+Dizel) enerji tüketilmektedir. Birim (1 kg 
FPCM) inek süt üretimi için elektrik tüketimine ilişkin enerji tüketimi 0,60 MJ düzeyinde iken, 
Dizel yakıt tüketimine ilişkin enerji tüketimi 9,90 MJ düzeyindedir. 1 kg FPCM üretimi için 
toplam enerji tüketiminin %5,71’ini elektrik tüketimi oluştururken, %94,29’unu Dizel yakıt 
tüketimi oluşturmaktadır. 
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Şekil 1. Adana ilinde süt (1 kgFPCM) üretimi için enerji tüketimi değerleri 

İnek Başına Enerji Tüketimi 
Adana ilinde süt sığırcılığı işletmelerinde süt veren inek başına enerji tüketimi değerleri Şekil 2’de 
verilmiştir. Adana ilinde süt veren inek başına toplam 4554,31 MJ doğrudan (elektrik+Dizel) 
enerji tüketilmektedir. Süt veren inek başına elektrik tüketimine ilişkin enerji tüketimi 260,19 MJ 
düzeyinde iken, Dizel yakıt tüketimine ilişkin enerji tüketimi 4294,12 MJ düzeyindedir. Süt veren 
inek başına toplam enerji tüketiminin %5,71’ini elektrik tüketimi oluştururken, %94,29’unu Dizel 
yakıt tüketimi oluşturmaktadır. 
 

 
Şekil 2. Adana ilinde süt sığırcılığı işletmelerinde süt veren inek başına enerji tüketimi  
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SONUÇ VE ÖNERİLER 
 
Bu araştırmada, Adana ilinde süt sığırcılığı işletmelerinde doğrudan enerji (elektrik+Dizel) 
tüketimi ve su tüketimine ilişkin sera gazı (GHG) salımları belirlenmiştir. Adana iline bağlı 15 
ilçede toplam 55 süt sığırcılığı işletmecisi ile anket çalışması yapılmış olup, anket uygulanacak 
işletmeler tabakalı tesadüfî örnekleme yöntemi ile belirlenmiştir.  
Adana ilinde 1 kg yağı ve proteini düzeltilmiş süt (FPCM) için toplam 10,5 MJ doğrudan 
(elektrik+Dizel) enerji tüketilmektedir. 1 kg FPCM üretimi için toplam enerji tüketiminin 
%5,71’ini elektrik tüketimi oluştururken, %94,29’unu Dizel yakıt tüketimi oluşturmaktadır. 
Adana ilinde süt veren inek başına toplam 4554,31 MJ doğrudan (elektrik+Dizel) enerji 
tüketilmektedir. Süt veren inek başına elektrik tüketimine ilişkin enerji tüketimi 260,19 MJ 
düzeyinde iken, Dizel yakıt tüketimine ilişkin enerji tüketimi 4294,12 MJ düzeyindedir. Süt veren 
inek başına toplam enerji tüketiminin %5,71’ini elektrik tüketimi oluştururken, %94,29’unu Dizel 
yakıt tüketimi oluşturmaktadır. 
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ABSTRACT

Introduction and Purpose: The application of golden nanotechnology has the ability to 
augment the nutritious composition of hazelnut cream. This implies that targeted constituents, 
like antioxidants or vitamins, can be administered more efficiently to the body, hence 
potentially augmenting the health advantages of the hazelnut cream. This study aims to 
evaluate the utilization of nanotechnology in hazelnut cream food products to showcase the 
forefront of advancements in food science. Materials and Methods: We performed for the 
SCOPUS database to conduct our literature investigation, employing specific keywords such 
as hazelnut, golden additives, nanotechnology, hazelnut cream and nutrient technology. We 
established certain criteria for the selection or exclusion of studies, which included the 
following: peer-reviewed papers, English language, and special fields. We initially obtained 
the following information: author, year, study type, sample size and nanotechnology approach 
employed. Subsequently, we arranged the extracted data into tables to facilitate comparison 
and analysis. We conducted an examination to identify any potential bias in the research that 
could influence the results. Results: We have identified 75 documents and excluded a total of 
58 of them based on our criteria. 36.6% of the studies were recorded in the domain of 
agricultural and biological sciences, while 12.5% of the studies were recorded in chemistry. 
Furthermore, 10.7% of the study was recorded in the fields of biochemistry, genetics, and 
molecular biology, while 8.9% of the studies were recorded in the field of medicine.
Discussion and Conclusion: The significance of our research is based on its ability to 
understand the the utilization of golden nanotechnology to enhance the health advantages of 
hazelnut cream is not solely a scientific and technological pursuit but also encompasses 
consumer health, food safety, and commercial requirements, hence emphasizing its 
multifaceted significance.

Key Words: Hazelnut, Golden Additives, Nanotechnology, Preventive Nutrition
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ABSTRACT 

Oilseed plants are significant products both for human nutrition and industry. While 10-15% 
of vegetable oil consumption worldwide is met by sunflower seeds, this rate is approximately 
60% in Turkey. Despite this demand, self-sufficiency in oily sunflower production in Turkey 
has remained around 60% over the years. This situation has positioned Turkey as a leading 
country in sunflower seed imports. In this context, one of the primary focal points for 
preventing currency loss from imports, effectively utilizing resources, minimizing 
environmental pollution, increasing producers' welfare, and contributing to sustainable 
development is production areas. This study examines factors that may influence producers' 
planting decisions. The data used in the study covers the years 2004-2021 and is analysed 
using the ARDL Bounds Testing Approach. The findings show that a 1% increase in input 
prices will reduce planting areas by 0.76% in the long run. Conversely, a 1% increase in 
import prices and yield value will increase oily sunflower planting areas by 0.28% and 0.21%, 
respectively. The error correction coefficient in the study was found to be -1.11, indicating 
that a deviation occurring in the short term will return to the equilibrium level after 0.90 
(1/1.11) years. All coefficients obtained were statistically significant at the 1% level. 
Increasing productivity in oily sunflower production and protecting producers from exorbitant 
input prices are necessary for Turkey to achieve self-sufficiency and ensure sustainable 
production. Moreover, trade policies should not be disregarded when making decisions 
regarding imports-dependent products. Additionally, to achieve sustainability, it is essential to 
review the strategic products Turkey needs, plan production, and ensure efficient resource 
utilization. 

Keywords: Oily Sunflower, ARDL Bounds Testing, Importation, Self-Sufficiency, 
Sustainability 
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ABSTRACT 

In the era of big data, Dr Faisal define the harnessing the power of Artificial Intelligence (AI) 
is imperative for organizations to create robust and effective Management Information 
Systems (MIS) that empower data-driven decision-making. Here, we'll explore key AI tools, 
provide relevant programming.AI-powered ETL (Extract, Transform, Load) platforms, data 
governance and quality management solutions. Python ETL pipelines with libraries like dask 
or pyspark to efficiently handle large datasets. Cloud-based platforms like Google Cloud 
Dataflow or Microsoft Azure Data Factory for simplified data ingestion and cleansing. Data 
governance frameworks like Collibra or Informatica Data Governance ensure data quality and 
compliance. Reduced data preparation time by 50% to 80% through automation. Improved 
data quality and consistency, leading to more reliable insights. Interactive dashboards, AI-
driven visual discovery platforms, anomaly detection systems. Dashboards built with Plotly or 
Bokeh for rich and interactive data representation. Tools like Tableau or Power BI with AI-
powered insights generation. Anomaly detection frameworks like Isolation Forest or Local 
Outlier Factor for identifying unusual patterns. Faster identification of actionable insights 
from complex data. Improved communication and collaboration through data-driven 
storytelling. Natural Language Processing (NLP) for report generation, Machine Learning 
(ML) for predictive modeling. Python libraries like pandas and scikit-learn for building
predictive models. NLP tools like spaCy or NLTK to automatically generate reports based on
insights. Cloud platforms like AWS Sage Maker or Azure Machine Learning for scalable
model deployment. Streamlined reporting processes, saving time and resources. More
accurate forecasts, enabling proactive decision-making. Recommendation engines, chatbots,
knowledge graphs. Recommendation systems built with collaborative filtering or matrix
factorization techniques. Chatbots powered by NLP frameworks like Rasa or Dialog flow for
automated customer service. Knowledge graphs built with tools like Neo4j or Virtuoso for
knowledge representation and inference. Improved operational efficiency and customer
satisfaction. Better risk mitigation and problem-solving capabilities. Accenture reports that AI
can lead to a 26% revenue uplift and 10% cost reduction across industries. McKinsey Global
Institute estimates that AI-driven insights could have a $3.3 trillion global impact by 2025. A
study by MIT Sloan Management Review found that companies using AI analytics
outperform their peers by 10% to 20% in profitability. Integration: AI tools should seamlessly
integrate with existing MIS architecture. Solutions must be able to handle large and growing
datasets. Insights generated by AI should be interpretable for trust and user adoption. Data
privacy and security regulations must be adhered to. By carefully selecting and implementing
AI tools for each stage of the MIS process, organizations can unlock the true potential of big
data, extract valuable insights, and make data-driven decisions for sustainable success.

Keywords: imperative, efficiently, Collibra, pandas, Virtuoso, interpretable, adhered.
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Abstract 

Many studies in all over the world demonstrated that the vegetation type influence the 
structure of soil fauna or vice-versa. The loss of soil fauna would deteriorate the ecosystems 
functions. The invertebrate decline may contribute to relations between plants and animals, 
with potential negative consequences for ecosystem services like food provision and soil 
production.  Taking this aspect into account, we consider that the study of soil fauna taxa in 

rk will constitute a new and 

were to highlight the structural differences of the soil fauna taxa from investigated plots; to 
characterize the environmental parameters from investigated plots, and to show the different 
influence of the abiotic parameters on soil fauna taxa. In order to fulfill these objectives some 
population parameters were analyzed as: taxa diversity, numerical abundance, dominance, 
evenness, equitability. In order to assess the microclimatic conditions, sixteen environmental 
variables were quantified, as: the thickness of three soil layers, air temperature and humidity, 
soil temperature and moisture, soil acidity, soil penetration resistance, amount of organic 
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carbon, total nitrogen, C/Nt ratio, humus content, potassium content, phosphorous content and 
the vegetation cover. They had a significant influence on structure composition of the edaphic 
taxonomic groups. 

Keywords: environment, fauna, protected area, soil. 
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ABSTRACT
Health properties of Spirulina microalga include antimicrobial, anti-arthritis, nerve protection, 
heart protection, anticancer, antibacterial and effective in allergies, stomach ulcers, anemia, 
heavy metal poisoning and radiation poisoning. Spirulina is non-toxic and its fats are in the 
form of unsaturated fatty acids that do not contain cholesterol, therefore due to the less side 
effects, it can be used in the treatment of arteriosclerosis and obesity. Natural antioxidant 
compounds, these compounds can be a good substitute for synthetic antioxidants. Among 
other effects of this alga, we can mention the prevention of fatty liver and cardiovascular 
diseases, reduction of serum fat levels, increase of hemoglobin levels, increase of antibodies 
and macrophage phagocytic function and inhibition of HIV virus progression. Spirulina plays 
a role in the treatment of depression because it is a good source of folic acid, which supports 
the production of energy and blood cells. By reducing blood cholesterol, it increases the 
absorption of vital minerals. Spirulina is effective in preventing diabetes, because it has low 
calories and contains large amounts of vitamin B1 (which improves the metabolism of sugars 
in the body), vitamin B2 (which helps burn calories and prevents obesity) and vitamin B6

(which plays a role in the production of insulin hormone in the body). In addition, Spirulina is 
an alkaline supplement that helps to return the acidic state of the blood to an alkaline state, 
and that is why Spirulina is called as an ideal food product to prevent and improve diabetes. 
The effect of plants on infectious agents has been the focus of researchers and ordinary people 
since the past. Today, the discussion of drug resistance and the need of societies to discover 
new drugs with less side effects and more therapeutic effect is of great interest. Herbal 
compounds can be used for the treatment of infectious and non-infectious diseases due to 
having chemical compounds and natural biological active components. Phycocyanin is one of 
the important proteins in Spirulina. The phycocyanin present in Spirulina inhibits hydroxy, 
hydroxyl and peroxyl radicals, reduces nitrite production and inhibits lipid peroxidation in 
liver microsomes; Also, many studies showed that Spirulina effectively reduces oxidative 
stress. Also, this substance is used in the treatment of Parkinson's and Alzheimer's and plays a 
very important role in the prevention of skin-mucosal cancers and chronic myeloid leukemia 
in humans. Spirulina plays a big role in liver health, people with liver problems usually suffer 
from potassium deficiency and this alga contains a good amount of potassium that can speed 
up the healing process. Phycocyanin can be a suitable alternative to chemotherapy drugs with 
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many side effects in cancer treatment. This protein is used in kidney diseases, blood pressure, 
central nervous system diseases and skin care drug combinations, whose effects have also 
been proven. In several observed cases, complete consumption of Spirulina or its extract has 
largely prevented the development of cancer. Spirulina has a large amount of phenylalanine, 
which helps reduce appetite and makes a person able to consume less food, thus preventing 
obesity. Spirulina is also rich in iodine. This combination is essential for the functioning of 
the thyroid gland and increases the body's metabolism. 

Keywords: Spirulina microalga, medicinal properties, therapeutic uses, antioxidant, 
phycocyanin  
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GRADE QUALITY ELEMENTS IN BLUE GRASS (FESTUCA OVINA L.) UNDER 
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ABSTRACT

Festuca ovina L. (Blue grass) which is one of the cool climate grass species's grass 

study was carried out to determine the effect of slow-release compound fertilizer applied in 
nine different doses on (12-5-20+2CaO+2MgO) Festuca ovina L. (Blue grass)in the 

In the study conducted, 9 
different slow-release doses of composite fertilizer one of which was controlled (0-8-16-24-
32-40-48-56-64 g/m2) were used as monthly amounts. Type; the ratio of grass cover, leaf
width, blue tint, plant diameter and plant height were examined. Analysis of variance of the
obtained data and multiple comparison tests of LSD JMP 5.0.1. analysis was performed
according to the the statistical package program. At the end of the study, Festuca ovina L. the
most ideal performance values of its kind were dose in October 56 g/m2 slow-release
compound fertilizer.These values ranged from %89,00, for decking ratio, 11,93 mm for leaf
width, 9,0 scale value for blue tint, 41,50 cm, for ball diameter, 30,23 cm for plant diameter.

Key Words: Festuca ovina L., compound fertilizer, grass quality element 
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ABSTRACT

Introduction and Purpose: Turkey is one of the important countries in the world in barley 
(Hordeum vulgare L.) agriculture in terms of both cultivation area and production and 
consumption amount. The aim of this study was to investigate the effects of vermicompost 
applied with chemical fertilisers on barley yield and quality parameters and some soil 
chemical and biological properties. Materials and Methods: The study was carried out as a 
field trial established according to the coincidence plots experimental design. In the 
experiment, decreasing doses of chemical fertiliser (100%, 75%, 50% and 0%) and increasing 
doses of vermicompost (0%, 25%, 50% and 100%) were applied over the total nitrogen (N) 
required for barley cultivation in dry farming in Central Anatolia. Results: According to the 
results obtained from the field trial, the best results for barley yield parameters such as stalk 
length, spike length, plant height, number of grains per spike and total grain weight were 
obtained from the treatment in which chemical fertiliser was reduced by 50% and 
vermicompost was used at 50%. There was a statistically significant difference between the 
treatments and control at p<0.05 level. Grain nitrogen and protein content, which are barley 
quality parameters, reached the highest value as a result of the same application. According to 
the results of soil analyses, vermicompost applications increased total nitrogen content among 
soil chemical properties. Vermicompost applications also had positive effects on soil 
respiration and microbial biomass carbon, which are indicators of the activity of soil 
microorganisms, and a statistically significant difference was determined between the 
treatments and the control at p<0.05 level. Discussion and Conclusion: In this study, 
vermicompost, which was produced in a controlled manner and freshly used, decreased the 
dose of chemical fertiliser use and acted as a good soil regulator and provided a significant 
increase in terms of yield and quality parameters in barley. Vermicompost is a very rich 
product that not only supports plant growth but also acts as a soil conditioner. Vermicompost 
use is one of the most effective ways to increase soil organic matter and soil microbial 
vitality, which are important parameters for sustainable agricultural practices.

Key Words: Vermicompost; Barley, Yield; Sustainable Agriculture 
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ABSTRACT 

This research was conducted with the aim of determining the yield and yield components of 

block design with three replications during the 1997/1998 period. 

Significant statistically differences were determined among genotypes, especially in respect of 
yield and various parameters. The plant height ranged from 38.2 to 56.3 cm, the number of 
pods per plant with  16.3 to 26.3, the lowest pod height on the plant with 16.0 to 34.0 cm, 
100-seed weight with 22.6 to 45.3 g, and grain yield with 56.6 to 184.5 kg/ha.  Based on the
one-year results for the genotypes used in the study. Consequnetly, the highest yield was
obtained with the AkN964/113 genotype and the Damla-89 variety according to the results of
the study.

Keywords:

Ziraat Mühendisi Yunus Emre KOÇ
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Abstract 
Common myrtle (Myrtus communis L.) is an aromatic and medicinal plant widely used and 
sought after, particularly in the Mediterranean region, due to the beneficial properties of its 
secondary metabolites. In ethnobotany, it is highly recommended for addressing human health 
issues. We examined the variation in morphological traits and secondary compound levels in 
the leaves in relation to provenance effects. Samples of myrtle from different geographically 
distinct areas were measured, ground, and analysed for polyphenols, flavonoids, condensed 
tannins, and antioxidant activity using the DPPH test. 
We observed variance among populations in terms of morphological traits and levels of 
secondary compounds (polyphenols, flavonoids, condensed tannins, and reducing power). 
Correlations between certain studied traits and environmental conditions were recorded. Leaf 
size and methanolic leaf extract yields from Moroccan myrtle were good criteria for natural 
population selection. Precipitation, temperature, and altitude were determinants of variation in 
leaf morphological traits, extract yield, and their polyphenolic, tannin, and flavonoid 
compounds. 
Based on the studied traits, three major groups were identified with more or less clear 
geographical affiliations. The IZA population from the Western Rif and GHA from the Pre-
Rif formed a separate group from the other populations, characterized by the highest extract 
yields. The BRA population from the central plateau formed a distinct isolated group from the 
others. This population, which recorded low annual rainfall values, was the richest in tannins 
with relatively high levels of polyphenols and flavonoids compared to other populations. The 
geographical structure of the third group is mixed, including the IKA and AGH (Pre-Rif) 
populations, BS and RAB from the Central Plateau, and BT from the Western Rif. 
Keywords: Myrtus communis L., leaf morphology, leaf extract yield, phenolic compounds, 
antioxidant activity, provenance effect. 
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Abstract 

As modern agriculture increasingly relies on data from various sources to understand crop, 
soil, and environmental conditions, the industry is transitioning towards a more data-driven 
approach. Despite initial resistance, the concept of "smart farms" is gaining traction, utilizing 
time-series data and IoT technologies to leverage environmental and historical information. 
Recent advancements in deep learning, previously successful in tasks like voice and image 
recognition, present opportunities for optimizing agricultural resource utilization such as 
water, fertilizers, and pesticides. This study aims to explore the potential of deep learning 
algorithms in optimizing agricultural resource management by analysing cloud data for crop 
development trends. The study focuses on real-world tasks like predicting harvests and 
correcting missing or inaccurate sensor data. It compares various machine learning algorithms 
to determine the most effective approaches for resource optimization. The findings illustrate 
the potential for innovation in meeting the demands of businesses seeking optimized and 
sustainable agricultural practices. Investments in technology, expertise, and skilled personnel 
are highlighted as essential for realizing these benefits. Utilizing novel deep learning 
techniques can lead to improved accuracy and faster inference times, with practical 
applications benefiting from these models. The study suggests future directions for research in 
this field. 

Keywords: Deep Learning, Machine Learning, Smart Farming, Cloud Computing, Precision 
Agriculture, Big Data. 
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ABSTRACT

The beginning of everything begins with a seed. I wanted to start with a question that always 
comes to mind. Did agriculture or settlement come into existence first? Societies started 
settled life before agriculture was included in the subsistence economy. As food increased, 
they adapted to settled life. Humanity has gained a lot on this path. Cultivated crops, 
domesticated animals, many crop inventions dating back to the Neolithic period. Today's 
people abandoned their mobile, hunter-gatherer nomadic lives and turned to large settlements. 
He moved away from the land and agriculture. The transition to agriculture began 
independently of each other in different parts of the world. For example, people in Central 
America domesticated corn and beans without having any knowledge of the cultivation of 
wheat and peas in the Middle East. Wheat first spread to the world from Mesopotamia. 
Anatolia is a unique region where cultures synthesize and meet and civilizations spread. There 
are three important cultivated plants in the world. Wheat, corn, paddy. As the comfort in cities 
increased, migration from villages to cities was triggered. influence in villages As it 
decreased, there was also a decrease in agriculture and animal husbandry. Industrialized 
agriculture came to the fore. However, as time passed, it was revealed that this agriculture 
threatened human health, and people switched to organic agriculture. The chemicals used in 
industrialized agriculture have a negative impact on the soil, which is the lifeblood of the 
brain, and on human health. The aim of organic agriculture is to protect natural resources 
before feeding people. There are some factors that organic farming demands. 

1. The main purpose of organic agriculture is to use natural resources responsibly.

2.To protect ecological balances and protect biodiversity.

3.Increasing soil diversity and protecting water quality.

Organic farming is an important method for increasing organic and green fertilization, crop 
rotation, soil protection, and the resistance of plants to pests and diseases 

KEYWORDS. Seed, soil, organic agriculture, hybrid seed, healthy nutrition
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ABSTRACT

With the increase in the world population, the need for agricultural products has increased. 
Accordingly, input-intensive agricultural practices have gained importance in agricultural 
production areas. However, rapid change based on intensive input use in agriculture has also 
led to the emergence of important environmental problems arising from conventional 
agriculture. These problems brought to the agenda with conventional agriculture have 
revealed the concept of sustainable agriculture, which uses agricultural production techniques 
that do not harm the environment and protect natural resources for future generations. 
Sustainable agriculture states that there is a balanced relationship between agriculture and the 
environment. For this reason, it requires that natural resources be managed in a way that will 
provide benefits in the future. As the issue of sustainable agriculture has gained importance in 
the world, there has been an increase in the number of scientific studies on this subject. In 
addition to studies conceptually presenting the definition, principles and development of 
sustainable agriculture in the world, the number of studies dealing with sustainable agriculture 
with its social, economic and environmental effects has also increased. In this study, it is 
aimed to examine the articles published in the international field literature between 2020 -
2024 on the subject of sustainable agriculture within the scope of certain parameters. In the 
study, parameters such as the year of publication of the article, the journal in which it was 
published, the keyword used, the collaboration networks of the countries, the distribution of 
the articles by country, and the three-area diagram were used. In line with these parameters, 
3,061 articles on sustainable agriculture from Web of Science (WOS) and Scupos database 
were examined with the bibliometric analysis method. VOSviewer and RStadio programs 
developed for the bibliometric analysis method were used in the research. As a result of the 
analysis, it was determined that the most articles on sustainable agriculture were written in 
2023, the most articles were published in Agronomy magazine, the most used keyword was 
Sustainable Agriculture, and the country with the most cooperation and the most articles 
among countries was China.

Key Words: Sustainability, Agriculture, Vosviewer, Web of Science
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ABSTRACT

Introduction and Purpose: This study was carried out in the Sekamer walnut breeding and 
application areas of Kahramanmara 2022-2023. The 
research was carried out to determine and compare the phenological and pomological 

variety of American origin. 

Materials and Methods: The study was carried out on 10 trees, 11 years old, belonging to 
the same two varieties. Phenological and pomological characteristics of the varieties were 
recorded according to UPOV criteria. 

Results:
the Chandler variety. While it was determined that the harvest time started 20 days earlier in 

hat the first defoliation
period started 28 days earlier. In terms of characteristics such as fruit weight and kernel ratio, 

-15g, 7-7.9g, and 51-54%, respectively, while Chandler 
variety had values of 12-13g, 5.5-6g and 47-49%.

Discussion and Conclusion:
characteristics in terms of plant and fruit quality criteria compared to the Chandler variety, 
which is the most grown in the world. 

Key Words:
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ABSTRACT 
Introduction and Purpose: The ecological and geographical position of the Nakhchivan 
Autonomous Republic creates conditions for the flora of the area to have a rich biodiversity. 
Among the plants distributed in the territory of the autonomous republic, we can mention the 
species of the genus Scleranthus L. The species included in the genus are annual and biennial 
herbs that grow in stony-rocky, sandy, arid areas, along rivers and roadsides from the low to 
mid-mountain belt. Some species are also found as weeds in cultivated fields. Out of 10 
species of Scleranthus L. genus distributed in Europe, North Africa, Western Asia and 
Australia, 3 species are distributed in Azerbaijan and 2 species are distributed in Nakhchivan 
Autonomous Republic. 
Material and Methods: In the conducted research, species belonging to the genus 
Scleranthus L. collected by us during expeditions in the territory of the Nakhchivan 
Autonomous Republic were taken as material. 
The species of the genus Scleranthus L. included in the flora of the autonomous republic were 
determined based on the works of A.A.Grossheym "Flora Caucasus" and A.M.Asgarov 
"Plants of Azerbaijan". The last additions and changes in the systematic composition of 
species were made according to the APG IV (2023) system based on the researches of 
T.H.Talibov and E.M.Gurbanov. 
Result: As a result of our research during 2018-2023 and based on literature data, it was 
determined that 2 species (Scleranthus polycarpos L., Scleranthus uncinatus Schur)  of the 
genus Scleranthus L. are distributed in the territory of the Nakhchivan Autonomous Republic.
The species Scleranthus polycarpos L. was collected from the stony and gravelly rocky area 
around the villages of Pazmari of Ordubad district and Kolani of Shahbuz district, and the 
herbariums were prepared and handed over to the Herbarium funds of the Institute of 
Bioresources of the Ministry of Science and Education of the Republic of Azerbaijan and 
Nakhchivan State University. The species is included in the Atlantic-Mediterranean irradiated 
geographic type. 
The species Scleranthus uncinatus Schur was collected from Nahajir of Babek region, 
Chalkhangala villages of Kangarli region and around of Garagush mountain. The species is 
included in the North Mediterranean - Central Asian geographical type. 
Discussion and Conclusion: During the study, the taxonomic spectrum of the species 
included in the genus Scleranthus L. was determined in the territory of Nakhchivan AR. It 
was determined that Scleranthus polycarpos L. and Scleranthus uncinatus Schur species, 
which are part of the genus, are common in the local flora from the low to upper mountain 
belt. The biological characteristics of the species were studied according to the place of their 
distribution, and the determination was made. Scleranthus polycarpos L. and Scleranthus 
uncinatus Schur species were analyzed by areological analysis and their geographical types 
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were determined. Thus, the species Scleranthus polycarpos L. is included in the 
Mediterranean irradiated geographic type, and the species Scleranthus uncinatus Schur is 
included in the Northern Mediterranean - Central Asian geographic type. 

Key Words: Scleranthus L., genus, species, areological analysis
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ABSTRACT

Climate is the average of weather or meteorological events (temperature, precipitation, 
relative humidity, wind, etc.) in a place over a long period (ideally at least 30 years). Climate 
is a very important data source for a region. Global climate change is the permanent, that is, 
long-term and statistically significant differences in the averages of climate parameters of a 
region for which meteorological data have been obtained for many years. Global Climate 
change and Global Warming are confused with each other. Climate change is the main topic
and global warming is a sub-heading of climate change. Climate change scenarios and studies
based on meteorological data, which started in the 19th century and continue to increase until
today, are of great importance in revealing Global Climate Change. For the same purpose, in 

-2021) annual total 
precipitation, average temperature and average humidity values were analysed. For Logistic 
Regression Analysis, the years 1990, 1994 and 2000 were accepted as estimated turning 
points, and meteorological data were divided into two periods according to the turning points. 
According to the results of Logistic Regression Analysis, the models obtained are 
insignificant for the 1990 year (p>0.05) and the percentage of climate data explaining the 
period is R2=0.80. Although significant for the year 2000 (p<0.01), it was low as R2=0.61. It 
was found to be significant (p<0.05) and high as R2=0.93 for the 1994 turning year.
According to the results of the Discriminant Analysis applied for three periods as 1941-1966, 
1967-1993 and 1994-2021, the separation was less in the first two periods, and the separation 
was significantly higher in the 1994-
province, it is possible to say that 1994 can be considered a turning point for global climate 
change due to the significant temperature increase seen especially in 1994 and after. It is 
envisaged that it would be useful to investigate the year 1994 in terms of Carbon Emission.

Key words: Global Climate Change, Global Warming, Logistic Regression Analysis, 
Discriminant Analysis. 
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Abstract 

Soil is one of basic factors required for cultivation. Development, making and erosion of soil 
is a process associated with geomorphic and anthropogenic agents. Due to increased 
anthropogenic interference soil erosion has become a problem over the period of time. The 
Colonial rule in India has been a turning in this process. This paper discusses the historical 
context of soil erosion in the Nineteenth Century United Provinces (currently known as Uttar 
Pradesh in India). This region witnessed significant changes in cultivation pattern and 
practices during this period. This paper deals with the causes of soil erosion, its impacts on 
the agrarian society of the study area. 

Keywords: soil, cultivation, erosion, united provinces 
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ABSTRACT 

Introduction and purpose: Nitrogen and phosphorus concentration in wastewater is a global 
concern since it potentially harm to the environment if presence in excessive amount. Sodium 
alginate beads can be really helpful in removing pollutants from wastewater. Some 
modifications to alginate beads can be done to improve the stability and durability which then 
will enhance the adsorption capacity. This study will investigate the physical characteristics 
between encapsulated alginate beads and non-encapsulated alginate beads, the percentage of 
nitrogen and phosphorus removal from synthetic wastewater by using encapsulated alginate 
beads and determine biodegradability of encapsulated alginate beads.  

Materials and methods: The Box-Behnken design of response surface methodology will be 
use to optimize the levels of crucial parameter variables such as concentration of sodium 
alginate beads and ratio amount of yeast to encapsulate the beads. Nitrogen and phosphorus 
adsorption mechanisms and rate will be study by using Langmuir and Freundlich model. 
Analysis of variance (ANOVA) will be use to estimate the statistical parameter.  

Expected outcomes : There are three expected outcomes form this study which include to 
determine the physical characteristics between encapsulated alginate beads and non-
encapsulate alginate beads. Next, to obtain the percentage of nitrogen and phosphorus remove 
from synthetic wastewater by using encapsulated alginate beads. Lastly, to determine the 
biodegradability of encapsulated alginate beads that will be use in removing nitrogen and 
phosphorus in synthetic wastewater. 
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ABSTRACT
Introduction and Purpose: The Eastern Black Sea Region has the natural distribution areas 
of the Paeonia genus, an important medicinal plant, and the species diversity in these areas 
has not been investigated with molecular methods. In this study, it was aimed to characterize 
two Paeonia populations in Rize and Samsun provinces with Randomly Amplified 
Polymorphic DNA (RAPD) and Simple Repeat Sequence (SSR) methods. Materials and 
Methods: Leaves were collected in 2022-2023 and used for DNA isolation. 22 RAPD 
primers and 5 SSR primer pairs were used for molecular characterization. Band profiles were 
investigated by PCR and visualized on agarose gel. The PCR band sizes were determined and 
band polymorphism was interpreted by detecting polymorphic or monomorphic bands. 
Results: RAPD band profiles ranging from 250 bp to 5000 bp were obtained. Primers 
RAPD-1, 3, 4, 5, 7, 8, 9, 10, 11, 14, 15, 16, 17, 18, 19, 20 and 22 produced polymorphic 
bands that would indicate differences between populations. It was determined that 50F and 
73A primers produced a common band for all populations. Although PAG1, P03 and 56A 
SSR primers were weaker in band density, they produced more polymorphic bands. 
Discussion and Conclusion: Two of the SSR primer pairs (50F and 73A) produced a single 
monomorphic band of the same size for all two populations, indicating that the taxa are 
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genetically close. Other SSR primers are more useful as they produce more polymorphic 
bands. Most of the RAPD primers and especially the 50F and 73A SSR primers can be 
effective in identifying closely related species or subspecies. Eastern Black Sea Region 
Paeonia biodiversity should be re-investigated using RAPD and SSR methods.

Key Words: Paeonia (Peony); Randomly Amplified Polymorphic DNA (RAPD), Simple 
Repeat Sequences (SSR), Eastern Black Sea Region, Polymorphism 
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ABSTRACT
Introduction and Purpose: Paeoniflorin, albiflorin, galloylpaeoniflorin, benzoylpaeoniflorin 
and oxypaeoniflorin are monoterpenglycosides and obtained from the roots of Paeonia
(peony). Paeoniflorin is the active component of peony roots and used in the treatment of 
some diseases such as cancer, Alzheimer's and depression. In this study, the presence of 5 
monoterpene compounds was investigated under the guidance of HPLC-DAD method and 
standard compounds in Paeonia daurica
Samsun province. Materials and Methods: Root were collected in April 2023 and the target 
compounds were commercially obtained. Standard compounds were run in the HPLC-DAD 
system and chromatography and spectrum values were determined. Methanol extract was 
prepared with 300 g of peony root and its 10 mg was dissolved in 1 ml methanol/water 
mixture (50/50) to obtain a 10 mg/ml stock solution. It was incubated in an ultrasonic bath for 
2 minutes and centrifuged at 11,200 rpm for 15 minutes. The supernatant was run on the 
HPLC-DAD system in the presence of acetic acid/acetonitrile solution (2% acetic acid + 70% 
acetonitrile) (60 minutes). Results: A total of 29.07 g of dry extract was obtained from 300 g 
of root sample. Using the chromatographic and spectral values of the standard compounds, 
three of the five monoterpene compounds (paeoniflorin, albiflorin and oxypaeoniflorin) were 
detected in the root extracts and the density order was determined to be paeoniflorin> 
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albiflorin> oxypaeoniflorin. Galloylpaeoniflorin and benzoylpaeoniflorin could not be 
detected. Discussion and Conclusion: Turkey has the natural distribution areas of species 
belonging to the Paeonia genus. Many valuable compounds are purified from the root extracts 
of Paeonia species around the world. These compounds are important for health and need to 
be obtained commercially. Their purification from Turkish Paeonia species will contribute 
economically.

Key Words: Paeonia daurica, root extract, monoterpeneglycosides, paeoniflorin, HPLC-
DAD

: Paeoniflorin, albiflorin, galloylpaeoniflorin, benzoylpaeoniflorin ve 
oxypaeoniflorin monoterpenglikozitlerdir. Paeonia

Paeonia daurica -

-

-DAD sis
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oxypaeoniflorin 

Paeonia
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Anahtar Kelimeler: Paeonia daurica monoterpenglikozitler, paeoniflorin, 
HPLC-DAD 
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ABSTRACT 
 
Introduction and Purpose: Tea is the second-most consumed non-alcoholic beverage 
worldwide after water. Due to its convenience of use, tea, the most popular infusion in the 
world, is typically offered as teabags. The increased use of plastic materials in the food 
packaging industry has led to an increased release of contaminants such as microplastics in 
various food products, including tea bags. Organic tea farming is defined as tea that does not 
use chemical pesticides and fertilizers throughout the production season and does not contain 
any synthetic additives during the processing process. In this study, we aimed to determine 
microplastic (MP) accumulation in three different brands organic cup of tea bags, which are 
sold in Rize (Türkiye) markets.  
Materials and Methods: The cup of tea bags was steeped at 95 °C for 3 min in a 250 mL glass 
beaker filled with 100 mL boiled water, and the leachate was filtered using a vacuum pump. 
Then, the filter paper was placed in a Petri dish with a cover, and was kept at room temperature. 
MPs from each filtered sample were examined by FT-IR (Fourier Transform-Infrared) 
spectroscopic analysis using a PerkinElmer Spectrum 100 spectrophotometer coupled with 
ATR (Attenuated Total Reflection).  
Results: All of the MPs detected were fiber in terms of shape. MPs were mostly polyethylene 
(PE) (80%). Other polymer type is ethylene vinyl acetate (EVA) with 20%. The minimum 
polymer length was 55.512 µm, the maximum polymer length was 660.479 µm and the average 
length was 206.55 µm. Two different colors of MPs were found, the most common being navy 
blue (70%), followed by black (30%).  
Discussion and Conclusion: The result of this study shows that MPs are present in tea 
infusions consumed directly by humans. 
 
Key Words: Contamination; Microplastic; Organic Tea.
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ÖZET 
 
Giriş ve Amaç: Çay, dünya çapında sudan sonra en çok tüketilen ikinci alkolsüz içecektir. 
Kullanım kolaylığı nedeniyle dünyadaki en popüler demleme çay, genellikle poşet çay olarak 
sunulmaktadır. Gıda paketleme endüstrisinde plastik malzemelerin kullanımının artması, çay 
poşetleri de dahil olmak üzere çeşitli gıda ürünlerinde mikroplastikler gibi kirletici maddelerin 
salınımının artmasına neden olmuştur. Organik çay tarımı, üretim sezonu boyunca kimyasal 
ilaç ve gübre kullanılmayan, işleme sürecinde hiçbir sentetik katkı maddesi içermeyen çay 
olarak tanımlanmaktadır. Bu çalışmada, Rize (Türkiye) pazarında satılan üç farklı markanın 
organik poşet çaylarında mikroplastik birikiminin belirlenmesi amaçlandı.  
Gereç ve Yöntem: Organik poşet çaylar, 100 mL kaynamış su ile doldurulmuş 250 mL'lik bir 
cam beher içinde 95 °C'de 3 dakika süreyle demlendi ve sızıntı suyu, bir vakum pompası 
kullanılarak filtrelendi. Daha sonra filtre kağıdı kapaklı Petri kabına konularak oda sıcaklığında 
bekletildi. Filtrelenen her numuneden mikroplastikler, ATR (Zayıflatılmış Toplam Yansıma) 
ile birleştirilmiş bir PerkinElmer Spectrum 100 spektrofotometresi kullanılarak FT-IR (Fourier 
Transform-Kızılötesi) spektroskopik analiz ile incelendi.  
Bulgular: Tespit edilen mikroplastiklerin tamamı şekil bakımından fiberdi. Mikroplastiklerin 
çoğunluğu polietilenden (PE) (%80) oluşuyordu. Diğer polimer türü ise % 20 oranında etilen 
vinil asetattı (EVA). Minimum polimer uzunluğu 55,512 µm, maksimum polimer uzunluğu 
660,479 µm ve ortalama uzunluk 206,55 µm idi. İki farklı renkte mikroplastik bulundu; en 
yaygın olanı lacivertti (%70) ve onu siyah (%30) izledi.  
Tartışma ve Sonuç: Bu çalışmanın sonucu, doğrudan insanlar tarafından tüketilen çay 
demlerinde mikroplastiklerin bulunduğunu göstermektedir. 
 
Anahtar Kelimeler: Bulaşma; Mikroplastik; Organik Çay. 
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Abstract: 

The symbiotic relationship between agriculture and veterinary sciences plays a pivotal role in 
ensuring the well-being and sustainability of livestock. In "Pastures to Protocols: Navigating 
Agricultural and Veterinary Frontiers for Livestock Well-being," this intricate interplay is 
explored, highlighting the dynamic landscape that encompasses the management of livestock 
health and welfare. In contemporary agricultural settings, the journey from pastures to 
protocols involves multifaceted considerations. Agricultural practices impact the nutritional 
intake, habitat quality, and overall health of livestock populations. Veterinary sciences, on the 
other hand, provide the necessary expertise to diagnose, treat, and prevent diseases that may 
afflict these animals. 

This abstract delves into the evolving protocols that govern the intersection of agriculture and 
veterinary sciences. It examines the utilization of advanced technologies for monitoring 
livestock health, the implementation of preventive measures to mitigate disease outbreaks, 
and the development of sustainable agricultural practices that prioritize animal welfare. In the 
intricate web of agricultural and veterinary frontiers, innovative strategies and advancements 
emerge to address the multifaceted challenges faced by livestock industries worldwide. From 
precision agriculture techniques to genomic research, from preventive medicine to holistic 
animal management practices, a myriad of approaches converge to optimize the well-being of 
livestock populations. It also examines the transformative potential of emerging technologies 
such as precision livestock farming, which revolutionizes livestock management through real-
time monitoring, data analytics, and automated decision-making processes. Furthermore, it 
explores the integration of genomic tools and biotechnology in breeding programs, enabling 
the selection of traits that bolster resilience, disease resistance, and productivity in livestock 
breeds.

Moreover, the abstract sheds light on the challenges encountered in navigating these frontiers. 
Issues such as antimicrobial resistance, environmental sustainability, and ethical 
considerations are addressed within the context of livestock management. The abstract 
underscores the need for interdisciplinary collaboration, stakeholder engagement, and 
innovative solutions to safeguard the well-being of livestock populations while promoting 
agricultural productivity and sustainability. Ultimately, "Pastures to Protocols" encapsulates 
the dynamic synergy between agriculture and veterinary sciences, emphasizing the shared 
responsibility in ensuring the health, welfare, and resilience of livestock populations in a 
rapidly evolving world. It advocates for a holistic approach that harmonizes technological 
advancements with ethical considerations, ensuring the well-being and prosperity of livestock, 
communities, and ecosystems alike.
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Abstract

There is still a great deal of interest in naturally occurring medicinal plants since numerous 
plants have shown their therapeutic potential throughout history and into the present. This is 
because numerous chemicals that are used as food coloring, fragrances, tastes, and medicinal 
biochemicals have historically been obtained from plants in many different countries. These 
plants are important medicinal plants because of a variety of chemical components. GC-MS is 
used to assess individual components in complex mixtures both qualitatively and 
quantitatively.In the Arabian Peninsula, especially in Yemen, Saudi Arabia, and Oman, the 
Caralluma quadrangula plant was highly valued by the locals for its therapeutic properties, 
which included treating diabetes, stomach ulcers, and many biological processes. In the 
Arabian Peninsula, especially in Yemen, Saudi Arabia, and Oman, the Caralluma quadrangula 
plant was highly valued by the locals for its therapeutic properties, which included treating 
diabetes, stomach ulcers, and many biological processes. The goal of this work was to 
discover the bioactive components in methanolic and hexane extracts of the Caralluma 
quadrangula plant using phytochemical screening and gas chromatography and mass 
spectrometry (GC-MS). Through qualitative analysis using Gas Chromatographic Mass 
Spectrometry (GCMS) of the extracts of this plant . GC/MS analysis of the methanol and 
hexane extracts revealed many important compounds from different functional groups, such 
as acids, alcohols, and terpenoids. The 31 unique bioactive compounds were found by GCMS 
analysis of the methanolic extract. These included sucrose (29.33%), 5-hydroxymethylfurfural 
(25.98%), 3-hydroxyoxolan-2-one (4.01%), syringaldehyde (3.00%), and glycocholique acid 
(2.40%). Moreover, 62 different bioactive compounds have been identified for hexane extract, 
including 2, 3-phenylbutanal (4.64%), Pentane-1,5-diol (3.45%), 2-benzoyl-1,3-dithiane 
(7.18%), 2-methylphenylacetone (7.89%), and 1,5-dicyclohexylpentane (5.61%).The results 
of this investigation could assist clarify many traditional uses and shed light on potential new 
treatments. 

Keywords: Caralluma quadrangula , Phytochemicals, Gaschromatography mass-spectrometer 
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ABSTRACT

Nowadays the situation is this:In the schoolbook in geography with which I with my 
schoolmates studied all over Sakartvelo//Georgia//Gurcistan Republic authored/ written by 
Davit Dondua and published by the Education Ministry of Sakartvelo in Tbilisi decades ago it 

also Davit Dondua  with a diploma of a geographic department of the University in Tbilisi 
like his grandfather had. Many dissertations and other science publications have been 
published since the schoolbook with which my generation studied geography was published, 
but now our area is diminished, population increased due to immigrations of foreighners and 
the agricultural use of the soil has worsened; laws of agricultural land use have been 
drastically changed for the worse. This has caused more problems. I shall overview the 
publications on these topics and I shall choose the best possible suggestion of geographers. 
During my work in the Institute of Inorganic Chemistry in Tbilisi the Institute of Geography 
was next to our building and we had science conferences arranged together that were followed 
by mountaineering expeditions in summertimes. I continue being interested in available 
methods of preventing soil degradation problems searching information in published science 
literature in five modern languages. I accompanied a group of scientists from the Institute of 
Botany of Sakartvelo/Georgia that were sent to the village of our republic where the landslide 
blocked the road and neither cars nor horses nor humans could pass the blocked area for over 
a month. The group wrote an official suggestion that grass ought to be allowed to grow there 
to allow land to rest before bushes and tall trees would be planted to resist the landslide. 

The method used by me for this presentation at this congress is the search, mining data and 
their analysis to make conclusions to be used in public.  

The conclusion is that the warning of local and international experts working on preventing 
the overdose of possible land use practice in our republic has caused devastating results to 
agriculture and other spheres including security of life of living creatures in the area. Today is 
February 22 and on February 19 our popular newspaper Rezonansi published in Tbilisi an 
article of two scholars and politicians Paata Koghuashvili and Valeri GelbakhianiIt entitled 

fundamental changes in laws but they are sure that our existing government will do only 
cosmetic changes to laws.  Both authors were parliament members in Georgia 
Republic//Sakartvelo years ago. 

I shall show a video and photos of protestors against wicked land use causing landslides and 
spoil of agricultural use of land this month.   

Key words: spoil of agricultural land in Sakartvelo//Georgia Republic//Gurcistan, landslides, 
overpopulation of areas, immigration of foreigners. 
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Abstact 

 İntroduction and Purpose: Sarcocystis species complete their life cycles in two 

hosts, containing two sporocysts in each, with four sporozoites within each sporocyst. It has 

been reported to be widespread worldwide. It is commonly found in the skeletal, heart, jaw, 

tongue, esophagus, and diaphragm muscles of all vertebrates, ranging from reptiles to 

mammals. These species release a toxin called sarcocystin. Studies have reported abortions, 

premature births, anemia, and neurological symptoms in sheep infected with S.ovicanis. 

Histopathological examinations have recorded myocarditis, rhiozit muscular dystrophy, 

hemorrhage in the pericardium and kidneys, and swelling in the lymph nodes.The presence of 

Sarcocystis species in Azerbaijan has been reported in cattle (buffalo), cows (cattle), and 

sheep, indicating their economic importance. In the Nakhchivan Autonomous Republic, 

Sarcocystis species have been reported in buffalo, cattle, some poultry, and goats. Despite the 

significant breeding of sheep in the regions of the Nakhchivan Autonomous Republic of 

Azerbaijan, no studies have been conducted to date on the prevalence of Sarcocystis in these 

animals. Given the importance of the issue in Nakhchivan, this research is deemed 

appropriate for emphasizing its significance." 

 Materials and Methods: To investigate the presence of Sarcocystis cysts in sheep 

and lambs in Nakhchivan, between 2019 and 2022, weekly visits were made to the 

Nakhchivan Meat and Fish Institution during the months of July to November, when sheep 

slaughter took place. A total of 1500 sheep and lambs from Nakhchivan city center and 

surrounding districts, including Shahbuz, Julfa, Babek, Ordubat, and Kengerli, as well as 

villages associated with these centers, were examined. The genders of the examined sheep 

were determined. After slaughter, macroscopic examination of Sarcocystis cysts was 
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conducted in the heart muscles, intercostal muscles, esophagus, and diaphragm of the 

examined sheep. 

Histological sections were prepared from all esophagi brought to the laboratory and 

from some of the macroscopic cysts found in them. Subsequently, the macroscopic 

Sarcocystis cysts present in the esophagi were counted, measured, and their morphological 

characteristics were investigated. Additionally, five macroscopic Sarcocystis cysts were 

fragmented, smeared onto slides, stained with Giemsa dye, and examined under an 

immersion lens to analyze the characteristics of the zoites. Samples were prepared from the 

esophagi brought to the laboratory, and the presence of microscopic cysts was examined 

under a microscope.  

Results: The examined sheep showed the presence of macroscopic and microscopic 

Sarcocystis cysts. Macroscopic and microscopic Sarcocystis cysts observed in goats were 

found at a high rate. In the Nakhchivan Meat Cutting Centers, no macroscopic Sarcocystis 

cysts were detected in the heart, intercostal, and diaphragm muscles of the examined sheep. 

Macroscopic cysts in the esophagus were observed to be oval and spindle-shaped, with sizes 

ranging from 7.05 (1.3-16.1) x 4.7 (1.1-9.3) mm. 

Discussion and Conclusion: In various studies conducted in different countries, the 

prevalence of Sarcocystis cysts has been reported in pets and birds. As a result, in the 

Nakhchivan Autonomous Republic, macroscopic S. gigantea was detected in 9.8% of sheep, 

and microscopic S. tenella cysts were found in 60.4%, with recorded degenerative changes in 

infected muscles. 

Key words: Nakhchivan, Sarcocystis, Sheep, Cyst, Lamb, Species 

 

 

ÖZET 

 Giriş ve Amaç: Sarcocystis türleri  evrimlerini iki konakçıda tamamlayan iki 

sporokist ve her sporokist içerisinde dört sporozoit ihtiva ederler. Dünyanın her yerinde 

yaygın olduğu bildirilmiştir. Sürüngenlerden memelilere kadar tüm omurgalılarda sıklıkla 

iskelet, kalp, çene, dil, özefagus ve diyafragma kaslarında rastlanılır. Bu türler sarkokistin adı 

verilen bir toksin salgılarlar. Yapılan çalışmalarda, S.ovicanis ile enfeksiyonda koyunlarda 

düşüklere, erken doğumlar, kuzularda ise anemi, sinirsel semptomlar bildirilmiştir. 

Histopatolojik muayenelerde, miokardit ve rniozit muskuler distrofi ve hemoraji, perikard, 

böbreklerde kanama ve lenfyumrularında şişkinlik kaydedilmiştir. Sarcocystis türlerinin 

Azerbaycan’da manda (camış), inek (sığır) ve koyunlarda bulundukları ve ekonomik önem 

taşıdıkları bildirilmiştir. Sarcocystis türlerinin Nahçivan Özerk Cumhuriyeti’nde manda, sığır, 

bazı kanatlılarda ve keçılerde bulundukları bildirilmiştir. Azerbaycan’ın  Nahçivan Özerk 

Cumhuriyeti’nin illerinde önemli ölçüde koyun yetiştirilmesine rağmen, Sarcocystis’in bu 

hayvanlardaki yaygınlık derecesi üzerine bu güne kadar çeşitlı çalışmalar yapılmamıştır. 

Nahçivan’da konunun öneminin belirtilmesi bakımından, bu araştırmanın aparılması  uygun 

görülmüştür. 

Gereç ve Yöntem: Nahçivan’da koyun ve kuzularda Sarcocystis kistlerinin varlığını 

araştırmak amacıyla 2019-2022 yıllarında, koyun kesiminin yapıldığı  Temmuz ve Kasım 

ayları arasında, her hafta  Nahçivan Et ve Balık Kurumu’na gidilmiştir. Bu süre içerisinde 

Nahçivan merkez ve çevre ilçelerinden Şahbuz, Culfa, Babek, Ordubat ve Kengerli ilçe 

merkezlerinden ve buralara bağlı köylerden getirilip kesimi yapılan 1500 koyun ve kuzunun 

incelenmesi yapılmıştır. Muayene edilen koyunların cinsiyetleri tespit edilmiştir. Kesildikten 
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sonra muayene edilen koyunların kalp kası ile interkostal kaslarında, özefagus ve 

diyafragmalarında makroskobik olarak Sarcocystis kistleri araştırılmıştır. 

Laboratuvara getirilen bütün özefaguslardan ve bunlardan bazılarında bulunan 

makroskobik kistlerden histolojik kesitler yapılmıştır. Sonra özefaguslarda mevcut olan 

makroskobik Sarcocystis kistleri sayılmış, ölçüleri alınmış ve morfolojik özellikleri 

araştırılmıştır. Ayrıca, beş adet  makroskobik Sarcocystis kistinden, her biri parçalanıp lam 

üzerine sürülmekle frotiler hazırlanmıştır. Bu frotiler Giemsa boyası ile boyanmış ve 

immersiyon objektifle bakılıp zoitlerin özellikleri incelenmiştir. Labaratuvara getirilen 

özefaguslardan örnekler hazırlanmıştır. Mevcut örneklerde mikroskobik kistlerin bulunup 

bulunmadığı, mikroskop altında incelenmiştir.  

Bulgular: Muayene edilen koyunlarda makroskobik ve mikroskobik Sarcocystis 

kistlerine rastlanmıştır. Keçilerde görülen makroskobik ve mikroskobik Sarcocystis kistler 

yüksek oranda tesbit edilmiştir. Nahçivan Et Kesim merkezlerinde muayene edilen 

koyunların kalp, interkostal ve diyafragma kaslarında makroskobik Sarcocystis kistlerine 

rastlanmamıştır. Özefagusta olan makroskobik kistlerin oval ve mekik şeklinde oldukları, 

büyüklüklerinin 7.05 (1.3-16.1) x 4.7 (1.1-9.3) mm arasında değiştiği görülmüştür.  

Tartışma ve Sonuç: Çeşitli ülkelerde yapılan çalışmalarda evcil hayvanlarda ve 

kuşlarda Sarcocystis kistlerinin yaygın olduğu bildirilmiştir. Sonuç olarak Nahçivan Özerk 

Cumhuriyeti’nde koyunlarda %9.8 makroskopik S.gigantea, % 60.4 mikroskopik S.tenella 

kisti saptanmış olup enfekte kaslarda dejeneratif değişimlerin görüldüğü kayd edilmiştir. 

Anahtar Kelimeler: Nahçivan,  Sarcocystis, Koyun, Kist,  Kuzu,Tür 
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Abstract 

Cancer is a lethal malignancy with significant clinical importance that continues to be one of 
the main causes of sickness and death. Before now, there hasn't been a good treatment for it. It 
is questionable if the synthetic medications and conventional chemotherapeutic treatments 
used to treat cancer are stable and safe. As the majority of patients cannot afford these 
medications, they 
resistance. The gut microbiota is crucial to the body's ability to maintain homeostasis. Due to 
the positive effects on the human body connected to the prevention and support of the
treatment of many chronic diseases, including cancer, without experiencing any negative side 
effects, probiotics have grown in medical relevance. This review's objective was to compile 
the available data on probiotic bacteria' role in cancer prevention. A lot of data suggests that 
probiotic use can help prevent cancer and enhance anti-cancer treatments. The idea of 
employing probiotic bacteria as medication delivery vehicles has recently gained traction 
because of multiple articles revealing promising outcomes. Probiotic bacteria and gut 
microbiota are likely to play a significant role in cancer prevention and therapy over the next 
several years. Last but not least, probiotic therapies primarily provide beneficial outcomes in 
controlled experimental settings. Short- and long-term effect studies in support of 
methodology standardization are necessary to reduce probiotic adverse effects. 

Keywords: Cancer, homeostasis, Cancer prevention and therapy, Chemotherapeutic 
treatments, Probiotic bacteria 
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ABSTRACT 

Magnesium (Mg) alloy has received comprehensive consideration in the biomedical field 
because of its fantastic mechanical properties, great biocompatibility, and biodegradability. 
However, Mg alloy generally shows an extreme degradation rate in the physiological climate 
possessing its dynamic synthetic nature. Simultaneously, the hydrogen created by the 
corruption of Mg will build the pH of nearby tissues, which will hurt the development of 
encompassing tissues. Given the above issues, it has turned into an exploration area of interest 
to get different properties of Mg combination for clinical application by surface change in this 
book chapter surface coatings of Mg combination are reviewed as of various sorts, including 
metals (metal oxides, metal hydroxides), inorganic non-metals, polymers (engineered 
polymers and normal polymers), and composite coatings. The arrangement tactics corrosion 
resistance, furthermore, biocompatibility of various kinds of coatings are talked about, and the 
advancement prospect of biomedical Mg alloy surface coatings is additionally anticipated. 
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Abstract 

The Solanaceae family, commonly known as the deadly nightshade or potato family, 
encompasses a wide range of important food plants and medicinal species. Among these is 
Withania somnifera (L.), also known as Ashwagandha or Winter cherry, an evergreen shrub 
native to India, the Middle East, and certain regions of Africa. This study focused on the 
collection of plant material from twelve different ecotypes in the Punjab region, including 
Shadan Lund, Layyah, Kot Adu, Jam Pur, Vodor, DG canal, Kala, Chah Jeand Wala, 
Faisalabad, DG Khan, Jang, and Multan, to investigate morphological and anatomical 
variations. The collected samples were preserved in a 70% alcohol solution, and freehand 
sectioning and double staining methods were employed. Microscopic examination using a 
digital ocular camera facilitated the analysis of various anatomical structures in the roots, 
stems, and leaves. Morphological and anatomical features were carefully observed and 
documented. Results indicated that the Jam Pur ecotype exhibited the maximum root 
epidermal thickness, while the Faisalabad ecotype displayed the largest root radius. Stem 
characteristics varied significantly among the ecotypes, with the Vodor ecotype exhibiting the 
highest cortical cell area, Jam Pur ecotype displaying the greatest epidermis thickness, and the 
Shahdan Lund ecotype showing the thickest sclerenchyma layer. The Vodor and Jang 
ecotypes had the highest abaxial stomatal area and number of trichomes. Statistical analysis, 
utilizing Analysis of Variance (ANOVA) at a 5% probability level, confirmed the significance 
of the observed results in terms of morphology and anatomy. 

Keyword: withania somnifera, Morpho-Anatomical modification
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ABSTRACT 
In the world of spices, saffron is one of the most expensive. It comes from the dried stigmas 
of the Crocus sativus flower. Saffron strand cultivation and harvesting are extremely intricate, 
time-consuming processes and requires a large amount of land. To lessen the complexity 
involved with traditional methods, this research focused on the indoor cultivation of saffron 
utilizing vertical farming. Vertical farming is a space-efficient technology that makes the best 
use of available land, saves water and energy, and allows for easy automation and exact 
control over physical factors. Coir peat, a byproduct of the coconut industry, offered a 
sustainable alternative to traditional soil, reducing its environmental impact, it provides a 
nutrient-rich, water-retentive medium for optimal saffron growth. Two sets of experiments 
were conducted to assess the growth and yield of saffron under different nutrient regimes. The 
first set utilized a standard inorganic NPK fertilizer regimen, while the second set employed 
organic fertilizer like biocompost along with seaweed extract. The growth parameters, 
including corm development and flower emergence, were monitored throughout the 
cultivation period. The plants treated with organic fertilizers showed better results such 
increased plant height, early sprouting and flowering of corms than the standard growth 
period of saffron crops. Additionally, phytochemical analysis and characterization, such as 
FTIR, were performed for the saffron strand extract. The sharp peak at 1017 cm-1 indicated 
presence of aromatic compounds such as carotenoids. This study demonstrates the feasibility 
and sustainability of indoor saffron cultivation using vertical farming techniques. This 
approach not only reduces the reliance on traditional soil and fertilizers but also minimizes 
land use, making it a promising alternative for saffron cultivation. 

Keywords: Saffron, vertical farming, organic fertilizers, seaweed extract, indoor cultivation, 
sustainability.
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ABSTRACT

Introduction and Purpose: The agricultural sector has an important role in the economic 
development and growth of countries. Since the 2010s, technological transformations such as 
Industry 4.0 and Industry 5.0 have helped the development and progress of modern 
agricultural enterprises. In this period, which is called precision agriculture, agriculture has 
become an industry with the contribution of technology. As in the Industry 5.0 model, the 
agricultural sector has started to use technological devices and systems such as the Internet of 
Things, artificial intelligence, cloud computing, simulation, big data, autonomous robots, 
cyber security, system integration, additive manufacturing and augmented reality to ensure 
efficiency and effectiveness. For example, an AI-supported irrigation system can get 
maximum efficiency from plants by operating in sensitive modes such as daylight, plant type, 
water amount and time sensitivity. The aim of this study is to conduct a bibliometric analysis 
of the works on digitalization and industry 5.0 in agricultural enterprises between 2007-2024.

Materials and Methods: R bibliometric analysis program was used to analyze the data. A 
total of 87 articles published in SSCI (Social Sciences Citation Index) and SCI (Science 
Citation Index)-Expanded and ESCI (Emerging Sources Citation Index) indexes in the Web 
of Science database in an eighteen-year period (2007-2024) were systematically analyzed by 
bibliometric analysis. Results: In the examination of the works on digitalisation and industry 
5.0 in agricultural enterprises, the number of studies is 87 and the most 33 works were
produced in 2022. It is seen that the average number of citations to the studies is 13.92. The 
annual growth rate is 8.5%. The total number of references is 6,192. 392 keywords are 
included and there are 368 researchers.

Discussion and Conclusion: There are very few works on the concepts of digitalisation and 
industry 5.0 in agricultural enterprises both globally and in our country. The development of 
modern agriculture also depends on the increase in academic studies and their widespread and 
practical application. In this respect, the increase in research on digitalisation in agricultural 
enterprises in Social Sciences Citation Index, Science Citation Index and Emerging Sources 
Citation Index indexes is considered to be extremely important for the future of modern 
agriculture.
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ABSTRACT 
The flesh of trout raised in intensive aquaculture systems is distinguished by its firm texture 

and delicate taste, due to controlled feeding and monitored growth environment. In contrast, 

trout raised in extensive or semi-intensive systems exhibit a richer flesh, with subtle nuances 

of natural flavors, reflecting a more diversified diet and a growth environment closer to 

natural conditions. This paper presents data regarding the qualitative analysis of trout meat 

obtained from different growth systems. therefore, parameters such as meat ph and content of 

easily hydrolyzable nitrogen were analyzed (Table 1). Table 1 presents data regarding the 

meat pH for two fish species: Oncorhynchus mykiss and Salvelinus fontinalis, at two different 

time points: immediate

and their variability %V. 

To interpret the data: 

Oncorhynchus mykiss (rainbow trout): 

The mean pH values after slaughter range from 6.97 to 7.12, with a small standard deviation, 

indicating a relatively consistent pH across different batches. At 24 hours after slaughter, the 
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mean pH values decrease slightly, ranging from 6.79 to 6.82. The standard deviation remains 

relatively small, suggesting consistency in the observed trends across batches. 

Salvelinus fontinalis (brook trout): 

The mean pH values after slaughter vary between 6.99 and 7.19, with a generally small 

standard deviation. At 24 hours after slaughter, the mean pH values range from 6.87 to 6.90, 

and the standard deviation remains relatively constant across different batches. Interpreting 

these data can indicate how the meat pH varies depending on the fish species and post-

slaughter time, which can be important for assessing quality and establishing optimal storage 

or processing conditions for fish meat. 

Table 1 

The pH value of the muscles from the studied trout

Species After slaughter After 24 hours
V% V%

Oncorhynchus 
mykiss

PC2 1.73 1.87
PC3 1.84 1.82
PC4 1.92 1.89

Salvelinus fontinalis
PF2 1.72 1.64
PF3 1.84 1.71
PF4 1.93 1.79

The content of easily hydrolyzable nitrogen is an indicator that can exclude from 

consumption products obtained from fishing that are unsuitable. The reference values of this 

indicator are: 25 mg/100g for fresh fish, maximum 35 mg/100g for relatively fresh fish, and 

over 35 mg/100g for spoiled fish. In the case of the analyzed trouts, the easily hydrolyzable 

nitrogen at the initial moment varied between 19.11 mg/100 g for rainbow trout and 19.13 

mg/100 g for brook trout. Over the storage period, the values progressively increased, 

indicating meat deterioration, so it became unsuitable for consumption after 8 days of storage 

at temperatures of 2

trout). At the end of the storage period under refrigeration conditions, the values of the 

content of easily hydrolyzable nitrogen indicated spoiled meat (37.33 mg/100 g for rainbow 

trout and 37.43 mg/100 g for brook trout) (Table 2). From the analysis of the Eber and Nessler 

reactions for free ammonia and hydrogen sulfide, it resulted that the period during which the 

meat can be stored under refrigeration conditions is 3-4 days, after which it rapidly 

deteriorates (Table 2). 

122



Table 2 

Assessment of the state of freshness during refrigerated storage of the analyzed trout 

Retention period 
(days)

Easily hydrolyzable 
nitrogen (N) 
(mg/100 g)

Free ammonia (NH3) H2S
Eber 

reaction
Nessler reaction

Oncorhynchus mykiss
Initially 19.11 negative negative negative

4 22.49 weakly 
positive

weakly positive weakly 
positive

8 33.62 positive positive positive
12 36.74 positive positive positive
15 37.33 positive positive positive

Salvelinus fontinalis
Initially 19.13 negative negative negative

4 24.63 weakly 
positive

weakly positive weakly 
positive

8 34.61 positive positive positive
12 36.88 positive positive positive
15 37.43 positive positive positive

Key words: meat quality, fish, trout, fish growing system 
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ABSTRACT

Introduction and Purpose: Agricultural equipment's on-field location tracking is essential, 
not only for monitoring the completion rates and durations of agricultural processes but also 
for keeping track of the total working hours crucial for equipment maintenance. This study 
delves into the development of a tracking device incorporating LoRa infrastructure, aiming to 
ensure efficient battery consumption while enabling effective field monitoring of agricultural 
equipment.

Materials and Methods: In this study, an innovative tracking system is being developed 
utilizing an advanced LoRa wireless communication platform, comprising a minimum of two 
devices that can be modularly expanded in quantity. In this system, one device remains 
connected to the internet, collecting data from other LoRa modules. Some agricultural lands 
in our country still lack access to even GSM infrastructure, and this device aims to establish 
wireless communication up to 15 km using LoRa. As data transfer can occur automatically
when entering the range, the system enables operation over longer distances. It has been 
observed and exemplified that the fixed device can utilize GSM or Wi-Fi infrastructure for 
internet connectivity. 

Results: Agricultural equipment's location tracking proves valuable not only for determining 
its whereabouts but also for monitoring the total operational time. It is now apparent that this 
study could be employed by equipment manufacturers for warranty tracking, representing an 
additional avenue for further investigation. 

Discussion and Conclusion: This system is observed to enhance efficiency in agricultural 
equipment, preventing downtime due to mid-season maintenance. LoRa, with its efficient 
battery usage and long range, has been recognized as highly suitable for open-field 
agricultural applications. It has been determined that even at this extended range, the capacity 
to transfer data at least once per second is sufficient for location tracking purposes.

Key Words: Agricultural equipment tracking, farm machinery, LoRa wireless technologies, 
digitalization in agriculture. 
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Abstract

Medicinal plants are widely used in Africa, particularly in rural areas, to meet primary care 

needs. Among the plants used is Balanites aegyptiaca L Delile (BA), which is prized for its 

anti-hyperglycaemic properties. In order to verify its acute toxicity, the ethanolic extract of 

the aqueous stems of the bark of Balanites aegyptiaca L Delile from this plant was 

administered at a single dose of 500 mg/kg, 2000 mg/kg, 3000 mg/kg and 5000 mg/kg body 

weight (bw) to four groups of 20 female and male rats. The control groups, also consisting of 

12 female and male rats, received physiological water only. During the 14-day observation 

period, all clinical signs and deaths were reported. At the end of the study, the LD50, 

haematological and biochemical blood parameters and liver and kidney histological 

examinations were carried out. The results showed that administration of the ethanolic extract 

of the aqueous bark stems of Balanites aegyptiaca L Delile did not alter the behaviour of rats 

and the estimated LD50 was greater than 5000 mg/kg bw. Evaluation of haematological and 

biochemical parameters revealed a significant decrease (p < 0.05) in white blood cell count 

and platelet count, and a significant increase (p < 0.05) in creatinine and total cholesterol. 

Histological studies showed no liver or kidney damage, apart from liver apoptosis. This study 

showed that the ethanolic extract of the aqueous stems and bark of Balanites aegyptiaca L 

Delile could, at high doses, cause haematotoxicity, nephrotoxicity and hepatotoxicity.  

Keywords: Balanites aegyptiaca L Delile, haematology, biochemistry, rat. 
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ABSTRACT 

Diagnostics of the trophic regime of soils is one of the main factors of managing their fertility, 
therefore the search of the most accurate and representative diagnostic methods is becoming 
more relevant in current conditions of the development of agriculture and systematic 
management of soil fertility. The preservation and reproduction of soil fertility, as well as the 
profitability of using fertilizers and ameliorants, depends on the accuracy and quality of the 
diagnostics which will be carried out. It was determined that all existing methods of 
diagnosing the phosphate state are based only on the using the various extractants that are 
adapted to the soil environment, such as its acid-base state, carbonate content, and 
granulometric composition. Our long-term studies have shown that the phosphate state of the 
soil is most objectively assessed by the phosphate buffer ability, which is based on the 
phosphate buffer capacity and the concentration of phosphate ions (pP) in the soil solution.
According to the buffering curve, it could be determined the quantity of phosphorus fertilizers 
should be applied per the certain soil mass, or other technological measures for changing the 
actual value of the phosphate intensity factor (PIF) into the optimal state. For all soils, the

their phosphate buffer capacity. As to soils with medium and high buffer capacity, it is almost 
impossible to achieve this value. It is substantiated to use the soil self-regulation processes in 
diagnosing the trophic regime of soils. Therefore, we have developed a diagnostic-
optimization graphic model of phosphate status of soils based on the buffering curve with the 
application of the optimal parameters of the phosphate state on it. The parameters of the 
phosphate-buffering properties of soils were determined, which made it possible to improve 
the method of diagnosing the phosphate state, the level of its stability, and ways of 
optimization. 

Key words: soils, phosphate-buffering, diagnostics, phosphate status, optimization of
phosphate status, phosphate intensity factor. 
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ABSTRACT 

The use of microarrays in biomedical research, is not only limited to determining the gene 
expression profile, being also used to detect CNV-type changes (DNA or chromosomal copy 
number variation) at the level of the entire genome, with a high resolution, up to at a level of 
5-10 kilobases and even up to 200 bp resolution in the case of high-resolution array CGH
(HR-CGH) variants. A microarray chip can be defined as a gene expression analysis assay
that consists of a micromembrane or a glass slide on which DNA samples of several genes are
arranged in a regular manner. Probes can be DNA, cDNA or oligonucleotides. The features of
these analysis tools allow the systematic and massive study of an organism's genetic
expression (Table 1).
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Table 1. Types of microchips 

A microarray chip consists of a small solid support on which are fixed, in well-defined 
positions, samples containing the DNA sequences of hundreds or thousands of different 
genes. The support usually consists of microscope slides (glass) of the usual size or can be 
made of silicone or polymer membranes (nylon). DNA samples are printed, in the form of 
dots or synthesized directly on the support. It is very important that the DNA samples are 
fixed to the support in a well-defined order because the identification of genes is based on 
their localization in the microarray. 

The basic principle of the microarray technique is similar to the principle of Southern blot 
(DNA-DNA hybridization), respectively Northern blot (RNA-DNA hybridization) and is 
based on the complementarity of gene sequences to recognize each other and to detect the 
presence or absence of DNA- of the RNA of interest, using a series of radiological, 
fluorogenic or chemiluminescent detectors. 

Currently, microarrays are considered very powerful tools in the medical field. This new 
technology enables disease diagnosis and a better understanding of how gene expression is 
altered in various medical conditions. Moreover, it allows the comparison of a control tissue 
and a tissue treated with a certain drug, to study the effects of a possible medical treatment. 
To do this, the normal state and the diseased state are compared before and after the 
administration of the drug. It can also determine why certain drugs lead to unwanted side 
effects. 

Key words: chip, DNA analysis, genomic analysis, microarray 
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ABSTRACT 

Broad bean aphid, Aphis fabae Scopoli (Hemiptera: Aphididae), is an important pest in our 
country and around the world that feeds on many plants, especially beans and broad beans. 
Plant growth-promoting rhizobacteria (PGPR) are used as an alternative to developing 
environmentally friendly agriculture by reducing the use of fertilizers and pesticides. 
Endophytic bacteria (EB); They are rhizobacteria (PGPR) that increase the growth, 
development, tolerance and adaptation of plants to stresses, diseases and pests in nature. The 
aim of this research was to examine the effect of EBs on the population density of A. fabae 
feeding on beans (Phaseolus vulgaris). The study was carried out in climate chambers and 
data on the population densities of A. fabae feeding on bean plants treated with EB isolates 
were obtained. 
It was determined that the population density of all EB isolates was statistically significant 
compared to the control group, that is, the population density was lower. The lowest 
population density compared to the control group was detected in isolates G109K2 (decreased 
by 78%) and G118K1T (decreased by 74%). 
Our results show that EBs may contribute to alternative control opportunities against pests. 

Key words: Aphis fabae, Endophyte bacteria (EB) (PGPR), 
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Introduction and purpose. Animal husbandry is developing rapidly in Nakhchivan MR and 
has a special importance in increasing safe food products. Consistent studies are carried out in 
this direction, improving the breed composition of existing livestock, timely detection and 
prevention of diseases, and frequent preventive measures in animals lead to increased 
productivity. In the lowlands, mainly the meat-dairy direction is being developed, which 
makes it possible to increase both the number of cattle and the production of the main 
livestock products in the autonomous republic. Relevant studies have been carried out in the 
field of animal husbandry, which plays an important role in providing local food products to 
the population and in the development of the processing industry, and a natural feed basis has 
been provided for cattle and sheep. 

However, there are a number of negative factors that affect the development of animal 
husbandry and the purchase of healthy food products, and the most important of them is 
helminthiasis. Among these diseases, fasciolosis should be mentioned in particular. We 
decided to conduct research in this direction by targeting the effect of fasciolosis on 
production in farm animals. 

Fasciolasis is a disease caused by the trematodes Fasciola hepatica (Linnaeus 1758) and 
Fasciola gigantica (Jebbold 1856) belonging to the Fassiolide family. Of these, F. hepatica is 
called ordinary fasciola, and F. gigantica is called giant fasciola. The development cycle of 
the helminth is completed in 2 host organisms, the main host being human, cattle, sheep, goat, 
water buffalo, horse and pig, and the intermediate host is freshwater snails of the genus 
Limnea. Adult helminths invade the host's liver. 

Material and methodology. In 2023, research was conducted in various livestock farms and 
slaughterhouses of the Nakhchivan Autonomous Republic. 

Suspected infected livers were collected from slaughtered animals and examined in the 
laboratory. During the examination, different numbers of helminths were detected depending 
on the degree of infection. 

Suspected infected animals were examined in various livestock farms of the autonomous 
republic. The diagnosis of Fasciolosis was made after the clinical symptoms of the disease 
were determined. 

Experimental part and result. It was determined that the livers affected by  the disease were 
not suitable for food. 

By analyzing the anamnesis data and clinical conditions of infected animals, we reached the 
following conclusions: 

procedures;
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-40% milk loss in cows);

-10% meat loss in cattle, 20-25% meat loss in
sheep);

-29% wool loss in sheep;

The decrease in the body's general resistance as a result of the disease leads to many diseases. 
It also causes infertility by affecting the sexual activities of animals. However, the 
opportunities to provide quality meat and dairy products to the population decrease and 
livestock farms suffer  serious losses. 

Key words: Fasciolasis, reproduction, productivity, economic loss 
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ABSTRACT 

Introduction and Purpose: It is well-known that 7% of the Earth's landmass, equivalent to 954 
million hectares, is affected by salinated and saline soils. Calculations indicate that approximately 
1 million hectares of land leave the crop cycle annually due to salinization and related processes. 
These environmental issues, including salinization, waterlogging, and other adverse factors, are 
observed globally and within our country, particularly in the territory of the Autonomous Republic 
and the lands under the jurisdiction of the Demirchi village municipality in the western part of the 
Sharur plain and the sloping plain of the same name in the Sadarak administrative district. 

 To address these challenges and safeguard soil fertility in the Sadarak administrative district, 
urgent research is deemed necessary. The primary objective of this study is to investigate the 
natural and anthropogenic factors influencing soil formation in Sadarak. The aim is to comprehend 
the genesis, causes, geographical distribution, and prevalence of salinization, salinization, 
waterlogging, and other detrimental factors impacting the local environment. The ultimate goal is 
to assess these issues accurately, formulate a classification, and implement necessary measures for 
environmental preservation. 

 Materials and Methods: The study encompassed an examination of both natural and 
anthropogenic factors shaping soils in the Sadarak administrative district, with a focus on the 
genesis and causes of salinization, salinization, waterlogging, and other detrimental processes. 
Existing research from foreign countries, Azerbaijan, and the Autonomous Republic, along with 
maps, literature, and methodical materials compiled by renowned scientists in the field, were 
collected and analyzed to inform the study. 

The research drew upon the works of various foreign scientists such as (Дж. Ханвелл, М. Ньюсон 
1977, V. Volobuev 1945-85, S. Babayev 1977-2000, G. Azizov 1990-2004, A. Guliyev 1977-
2020, S. Hajiyev 1976-2023, N. Bababeyli 1995-2021, R. Amirov, P. Fatullayev 2012), among 
others. 

 Traditional geographical research methods, including observation, historical analysis, statistical 
analysis, stationary research (on-site), cartographic analysis, and forecasting, were employed. 
Additionally, modern techniques based on the latest technologies, including geographic 
information systems, were incorporated into the research. 
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Results: The study successfully examined both natural and anthropogenic factors influencing soil 
formation in the Sadarak administrative district, determining their potential impacts. 
Simultaneously, the research identified negative natural and anthropogenic processes, such as 
salinization and waterlogging, affecting soil fertility. 
 
Discussion and Conclusion: In the analysis of the natural and anthropogenic factors influencing 
soil formation in the research area and the origin of salinization, waterlogging, and other factors 
contributing to the negative processes impacting its environment, the causes of their occurrence 
were thoroughly examined. Moreover, recommendations for implementing necessary measures 
were provided. 
 
Keywords: Relief, geographical factors, eco-geography, soil, salinization, waterlogging. 
 
 
Introduction and Objective: The geographical location of the Sadarak administrative district 
within the Nakhchivan Autonomous Republic is emphasized. The Sadarak district is situated to 
the west of the Nakhchivan Autonomous Republic. The low mountain range of Deralyaz, starting 
from the mountains Saraybulag, extends to the Araz river in the north and northwest direction. 
The Sadarak district borders the Republic of Armenia to the northwest, Turkey to the southwest, 
and Iran Islam Republic to the southwest. Additionally, it shares its eastern border with the Sharur 
administrative district.  

The district covers an area of 15 square kilometers, which includes the plains of Sadarak and 
Sharur. Approximately 7% or 954 million US dollars of this area is saline, making it unsuitable 
for agriculture. It is estimated that about 1 million hectares of land are sown under saline 
conditions annually, leading to the degradation of fertile land.  

In the Nakhchivan Autonomous Republic, about 2 thousand hectares of land lose fertility annually 
for various reasons, thereby leaving the agricultural cycle. The Sadarak administrative district, 
located in the western part of the plain, is affected by this decline. Soil salinization in these areas 
results in low productivity of natural and cultural plants, leading to landscape changes. The 
processes of salinization and bogging occur predominantly in hot, dry, semi-desert, desert, semi-
humid areas, and river waters, filling in hollows.  

Observations and research have revealed that anthropogenic factors in the territory contribute to 
soil fertility deterioration. Natural degradation processes, combined with human incompetence, 
alter the physical and chemical properties of the soil, causing harm. It is crucial to identify the 
origin and geography of salinization, salinization, bogging, and other factors, diagnose them 
correctly, and classify them for scientific and practical purposes. Despite the availability of 
scientific research and recommendations, these problems remain unresolved or require 
clarification.  

To summarize, the text discusses the environmental challenges faced by the Sadarak 
administrative district and emphasizes the importance of addressing these issues for the 
sustainability of the region. 

The purpose. The Sadarak administrative region is confronting salinization issues that necessitate 
further research and intervention. There exists a deficiency of detailed information concerning the 
origins of salinization, its classification, and the criteria for evaluating land reclamation conditions. 
It is of utmost importance to conduct research in these domains to safeguard the soil fertility of 
the Sadarak administrative district. 
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The purpose of this study is to scrutinize the impact of both natural and anthropogenic factors on 
soil formation within the Sadarak administrative region. A thorough examination of the origin, 
classification, and geographical distribution of salinization, salinization, waterlogging, and other 
factors will be undertaken. The ultimate goal is to accurately diagnose these issues and devise 
effective strategies for their mitigation. 

Materials and Methods: In the process of analyzing physical-geographic factors such as relief, 
geological structure, geomorphology, climate, hydrological conditions, and plant and animal 
families, we will gain a comprehensive understanding of natural degradation processes such as 
erosion, salinization, and waterlogging. Additionally, we will explore anthropogenic influences 
like population density, grazing, land use, and industrial activities. 

By examining the works of Azerbaijani and autonomous republic scientists, as well as foreign 
scholars like J. Hanwell, M. Newson, V. Volobuev, S. Babayev, G. Azizov, A. Guliyev, S. 
Hajiyev, N. Bababayli, R. Amirov, P. Fatullayev, and others, we will acquire valuable insights 
and resources to support our research. We will also reference studies conducted by G. 
Mammyadov, A. Hashimov, and X. Jafarov on the reclamation of saline and salinized soils in 
Azerbaijan, as well as works by M. Babayev, M. Mustafayev, A. Guliyev, and M. Isgandarov that 
focus on flood restoration, ecomeliorative assessment, and land reclamation 

The methodology will be informed by the latest research findings, maps, literature, and 
methodological resources. Through a meticulous analysis of these materials, we aim to 
comprehensively assess the physical-geographic factors and degradation processes that affect the 
Sadarak administrative region. This will allow us to develop effective strategies for soil 
conservation and sustainable land management in the region. 

Relief conditions of the area. Sadarak administrative district is mountainous, foothills and plains 
covering, from the north-west the mountains of the Saraybulag range (Kirmyzi tepe, Mil dagu, 
Uchubiz, Ajdakan, Teykar, etc.), the foothills of the Dashburun and Karaburun mountains from 
the north, the Ağrı plain in the northwest, bordering Araz in the southwest and Dahna and Validag 
heights in the north and southeast connects with the western part of the Sharur plain. 

Sadarak and Western Sharur plains, which form the main area of the administrative region soil 
compared to other landforms, playing a positive role in the soil formation process is selected by 
the thickness of the layer. Relief as a soil-cultivating factor in the formation of soil cover is directly 
involved and its role is mainly due to changes in the effect of climatic conditions on the soil it 
depends. 

The relief of the Sadarak Plain consists of plains and sloping plains in some areas. Sadarak plain, 
a little west of the railway line, from the part where the Jahanna valley comes out into the plain 
continues right. It consists of the cones of Jahannam valley. East of the valley flood deposits 
consisting of large stones are spread in the form of wide strips. These sediments mainly continue 
to Karaagac village. To the south-west of the village, mainly alluvial and prolluvial sediments 
form. This plain is located between 800-1000 meters from the north it is inclined to the south and 
from the west to the east (Babayev 1999). 

Geological structure. Sadarak and Western Sharur plains are formed according to their geological 
structure Quaternary sediments are of special interest from the hydrogeological point of view. 
Sediments of this period it is mainly of alluvial, prolluvial, delluvial origin and has different 
composition and thickness. In the north-eastern part of the foothills of the plain, those sediments 
are Çanağçıchay and Bagırsagdaresi.  
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There were sediments brought by the rivers, the composition of which is probably gravel filled 
with sand grains it is similar to large river stones with pebbles. In this part, the thickness of 
sediments reaches 70 meters. In the foothills zone, towards the south-west, towards the Arazkanari 
terrace, the pebbles are gradually fractionated it is replaced by sediments - small-sized pebbles, 
sands, sands and gravels. Sediments its total thickness reaches 197 meters in the Arazkanari zone. 
Quaternary sediments that make up the boundary zone in a vertical cross-section It is divided into 
3 different floors. It is composed of sand and small pebbles, up to 65 meters thick the upper floor, 
the middle floor made of 35-meter-thick porous gravel and interspersed sand consisting of fine 
river stones in the upper part, and large river stones in the lower part, up to 97 meters thick and 
there is a third floor filled with gravel. Studying the composition of rocks in soil research is 
important because it it transfers its properties to the soil and is a mother in the agronomic 
evaluation of the soil rocks should be especially considered. The most valuable rocks are 
carbonate-rich loess, loess-like are considered to be nuts. Poor parent rocks can be quartzite and 
sand (Hajiyev 2009).  

 Geomorphological structure. Geomorphologically, plains and sloping plains are weak and 
moderate fragmented. As a result of our investigations, it was determined that the area 
geomorphologically, it is divided into 2 parts, southwestern Arazkanari terrace and northeastern 
Canagchichay it is separated into the cone it has taken. The northeastern and southern edges of the 
plain are Middle and Upper Devonian, Rerm and It is composed of Carboniferous quartz 
limestones, and the foothill zone is composed of sandstones and clays surrounded by shirsts. Those 
rocks towards the central, Arazkanari part of the plain deepening, it is covered with Miocene and 
Quaternary sediments (Babayev 1999). 

Hydrological and hydrogeological conditions influence the soil cultivation processes 
significantly. Therefore, studies on soil composition, sediment formation, and groundwater 
hydrogeology are essential in understanding the area's hydrological and hydrogeological structure. 

The geological structure, rock composition, and hydrological and hydrogeological conditions of 
the research area are of particular interest. Our research has established that in the Sadarak and 
Western Sharur plains, the Quaternary sediments are mainly characterized by unpressured 
groundwater, with pressurized water present in the lower layers of the Arazkanari sediments. 

In the administrative region, the river network is underdeveloped, with the Bagirsagdaresi river 
being the only temporary river formed from rain and snow water. This river is dry for most of the 
year, and water is sourced from the Arpachay reservoir and the Araz river for agricultural use. 

The Quaternary sediments in the Sadarak plain are mainly characterized by unpressured 
groundwater, with the presence of pressurized underground water in the lower layers. Deep 
trenches should be dug parallel to the Araz River to lower the groundwater level and prevent soil 
salinization. 

 

In the main part of the Arazkanari terrace, the seepage coefficient is about 1 m/day, characterized 
by sediments filled with pebbles and granular sand. In the narrow strip part of the plain along the 
railway, the sediment filtration coefficient varies between 1-5 m/day. 

 

In the cone of Chanakchichay and the Arazboyu part of the plain, the sediment filtration coefficient 
is 5-10 m/day, characterized by clean washed sands, interspersed with sand and gravel filled 
pebbles. The largest percolation coefficient is in pebbly river stones, with the filtration coefficient 
of permeable sediments along this strip varying between 10-15 m/day. 
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Plants and animals. The vegetation in the Sadarak and Western Sharur plains mainly consists of 
semi-desert and, to a lesser extent, tala-tala desert plant cover. These formations are rich in semi-
desert formations, including xerophytic, halophytic, and haloxerophytic shrubs and semi-shrubs. 
During mid-summer and autumn, biological productivity is higher due to the intensive 
development of ephemerals and ephemeroids. 

Invertebrate animals play an important role in the formation of organic residues in the soil, with 
their digestion apparatus and physico-chemical properties changing the mineral parts of the soil. 

Anthropogenic relief, which has been changed and created by human activity, has left deep traces 
on the environment over centuries. This includes the conversion of natural landscapes into 
cultivated plant landscapes, leading to agro-landscapes. 

Natural degradation processes and anthropogenic factors have led to the decline in fertility and 
exit from crop rotation in some areas. It is clear from our research and literature materials that the 
effect of natural degradation processes and anthropogenic factors on soil formation can be grouped 
into two categories: natural degradation processes and anthropogenic impact. 

Natural degradation processes in the Sadarak administrative district include wind and water 
erosion, climate change-induced warming and drought, salinization, and the spread of rocks and 
bushes. Anthropogenic impacts include population density, grazing, deforestation, excessive soil 
use, irrigation, and soil disturbance from mechanical works and construction. (Pic  2.). 

  
Pic 1, 2. Drought processes in the Sadarak plain 

One of the natural degradation processes in the area is salinization and swamping. These processes 
occur in the Sadarak plain as a result of both natural processes and the incompetent effects of 
people. As a result, the soil loses its fertility and disrupts the crop cycle ((Pic. 3, 4).  
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Pic 3, 4 Processes of salinization and swamping in Sadarak Plain 

In addition to the negative natural factors mentioned above, the administrative region's soil fertility 
has been further decreased due to strong floods. The floods have caused soil to be covered with 
stones and damaged by bushes due to drought, particularly in the foothills of the Sadarak plain 
and in the beds of all rivers flowing into the Araz river. 

II. Anthropogenic Impact. Desertification is one of the main causes of land degradation, along 
with natural factors and anthropogenic effects (M. Babayev). Anthropogenic impact encompasses 
various forms of human activity that affect the environment, including the soil. People's unplanned 
behavior towards the land in various forms accelerates erosion processes in the area and often 
leads to the formation of wetlands. For instance, unsystematic grazing of animals in fields and the 
cutting of trees and bushes are primary factors that expedite erosion processes. An important factor 
to consider is the population settlement in the area, which is one of the various anthropogenic 
factors that contribute to desertification and land degradation in the administrative region. 

The impact of population settlement on the soil is significant, with population density being a key 
factor affecting soil fertility. In the administrative region, lands surrounding densely populated 
areas like Heydarabad, Karaagac, and Sadarak villages are utilized efficiently for cultivation and 
natural plants. Conversely, in some farms and sparsely populated or non-existent areas, land is not 
used effectively. Consequently, the soils in these areas gradually lose fertility and undergo 
degradation processes, disrupting the agricultural cycle. Such occurrences are noted in the 
southern part of the Sadarak plain and in the mountainous regions of the administrative area. In 
addition to population density, which influences soil fertility reduction in the region, there are 
instances of unsystematic grazing of animals in winter and summer pastures, as well as the cutting 
of trees and bushes (Pic. 5, 6).  
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Pic. 5, 6. Unsystematic grazing of animals in winter and summer pastures, cutting of trees and 

bushes 

At the same time, when the land is used under cultivated and natural plants in the area, as a result 
of improper observance of agrotechnical rules, the fertility decreases and the productivity 
decreases year by year. As a result of long-term use of torags and uncontrolled release of irrigation 
water, it leads to the following negative situations. 

In some farms, the land is used continuously under the same plant for many years. This deteriorates 
the physical and chemical properties of the soil and causes a decrease in the productivity of plants. 

One of the negative anthropogenic factors in the area is irrigation erosion caused by uncontrolled 
irrigation. Irrigation erosion, another type of water erosion, is common in irrigated areas in the 
foothills and lowlands. As a result of these processes, the upper fertile part of the soil is washed 
away, deep furrows and ravines are formed, and the soil becomes unusable.  

When irrigation exceeds the norm, part of the water soaks into the soil, and the remaining part 
flows along the slope and washes away the fertile layer of the soil. In these places, the water-air 
regime of the soil deteriorates. The constant opening of the ditch during irrigation has a great 
influence on the formation of irrigation erosion in cultivated fields. At the same time, the fact that 
the areas are very concave and convex creates conditions for the formation of gobs. On the other 
hand, these waters, which are left uncontrolled for irrigation, collect in non-flowing places and 
create swamps. Irrigation erosion and swamping processes are observed in the agricultural areas 
of the administrative region. One of the negative anthropogenic impacts is the unplanned transport 
roads, construction materials, mining industry production in the area. These negative situations 
can also be found in lands degraded as a result of unplanned transport roads, transportation of sand 
and other construction materials from river beds and some mountainous, foothills and plain areas, 
leaving those areas in the form of ravines (Pic. 3, 4). 

 
Pic. 7, 8. Useless and weedy canals on lands belonging to Demirchi village municipality 
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In the lower and upper parts of the Nakhchivan-Sadarak highway, due to the accumulation of 
water without a flow direction, swampy areas are created or the soil dries up and loses its fertility. 
Additionally, in the region, there are lands that are polluted due to unnecessary construction 
materials and household waste. 

Results: The study investigated natural and anthropogenic factors influencing soil formation in 
the research object and determined potential opportunities. It also examined the origin of negative 
natural and anthropogenic processes (salinization, swamping, and others) affecting soil fertility 
loss. 

Discussion and Conclusion: The study analyzed natural and anthropogenic factors affecting soil 
formation, the origin of salinization, swamping, and other negative processes affecting the 
environment, and the causes of their occurrence. It also outlined directions for implementing 
necessary measures. 

To increase soil fertility in the research object, agrotechnical rules should be correctly followed. 
There are various measures to increase soil fertility in the researched areas, including the 
application of organic and mineral fertilizers to the soil. These fertilizers ensure seasonal and long-
term adjustment of soil properties and regimes, normal nutrition of plants, and their growth and 
development. Normalizing the physical and chemical properties of soils is crucial for obtaining 
high and quality products from plants. 

The Nakhchivan Autonomous Republic is a region rich in natural minerals. One such useful 
mineral with large reserves in the territory is zeolite mineral. (Amirov, 2012) 

We have provided our recommendations and suggestions based on the research conducted by 
Amirov and Fatullayev in the field of experience at the "Nabatat" garden under the Ministry of 
Science and Education of the Republic of Azerbaijan, Institute of Bioresources (Nakhchivan). It 
is recommended that the agrotechnical practices carried out in the experimental field of the 
"Nabatat" garden under the Institute of Bioresources (Nakhchivan), as well as the enhancement of 
the properties and regimes of organic and mineral fertilizers, and the seasonal and long-term 
regulation of zeolite mineral, should be applied in other farms of the autonomous republic (Pic. 9-
16). 
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Pic.9,10. Zeolite mineral and grounding it into the soil

 

Pic 11, 12. Zeolite-applied corn crops and Grain gene pool

 
Pic 13, 14. Study of the effect of applied zeolite on bean and pea plants 
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Pic. 15, 16. Coverage of monitoring and conducted research in the autonomous republic seed 

farms in the local press 

- In addition to the mentioned measures, considering the arid climatic conditions of the area (high 
aridity coefficient, high evaporation, low precipitation), and the small and uneven distribution of 
water resources, creating water reservoirs in the form of a cascade in the northern part of the 
administrative region and using modern irrigation systems (rainfall devices and drip synthetic 
pipes), creating a unified water network by cleaning water channels and ditches is one of the 
important issues. 

-To effectively use cultivated and natural plants in the research facility, the level of groundwater 
should be maintained at a normal level by constant monitoring in the central and southern parts of 
the administrative region, and drainage networks should be established. 

 

-Based on our observations, the causes and inclinations of the areas where saline and marshy lands 
spread from the central part of the Saderak administrative region to the banks of the Araz River 
(absolute altitude 813,802, 798 meters) were studied. Taking into account the slope of the area, it 
is necessary to drain the surface runoff and excess water towards Araz to clean the saline soils 
from harmful salts and drain the swamps. 
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ABSTRACT

Introduction and Purpose: Every sphere of life is connected. Modular diversive fields are 

outlook broader approaches and intern efficient solutions. The subject of the paper is food 
problem, the methodology being Deep Learning applied image analysis, the plant of 
experiment is tomato. The architecture consists of Agriculture & Chemical Abstracts, Data 
Science & Numerical Computation, Artificial Intelligence & Artificial Neural Networks, 
Computer Vision & Object Recognition, Software Engineering & Data Communication 
sciences. 

Materials and Methods: As there are about 50 thousand plants used by people in the world 
(15 of them are staple food), tomato is one of the main plants grown among the top 15. It has 
a high role as an industrial product, too. The issue of obtaining a quality product and its 
cultivation as a high-yielding plant still persists. Magically, the deficiency of essential 
nutrients needed by tomato is visible on its leaves. And specifically, the aim of this work is to 
grow quality and productive plant by analyzing the leaves to find nutrient element 
deficiencies, and inform on factors that lead to deficiencies with their causes. 

Results: Technically and computationally, it relies on realtime capturing the leaves of the 
plant from a solar-powered computer system recording imagery footage (CCTV /NVR); And 
if the area is open, an auto-scheduled mini-drone can initiate routine recording. Pre-processed 
output images are fed into the optimized ANN model (with the best weights). Foundation 
model is YOLO (v8) from Ultralytics. The custom dataset is built on Roboflow platform 
consisting of ~100 (700 in total) of images per each micro/macro element (Potassium, 
Nitrogen, Phosphorus, Boron, Zinc, Ferrum, Magnesium) and augmented (vertical/horizontal 
flip) for increased accuracy. Trained, validated and tested on machine with enormous 

(optimization: RMSProp, learning rate: 1e-3, dropout: 40%). Application Server is proposed 
to have inference speed < 20 milliseconds. Consumer Software is hosted on cloud, has a 
mobile application for the farmer. 

Discussion and Conclusion: Every leaf of the plant has healthy and unhealthy states 
pictured, labeled/annotated and trained. The CV network is based on CNN architecture. The 

resemblance of deficiencies with images from the dataset, Loss (Cross-Entropy), Cost 
functions calculated, gets probability distribution, so forth. The output layer shows softmax 
result whether any deficiency is found. 

CV DETECTION OF 7 ELEMENTS’ DEFICIENCY IN TOMATO BY LEAF
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As in Liebeg rule, early elimination of nutrient deficiencies has a positive effect on plant's 
uptake of other nutrients. The fully equipped system instantaneously informs farmer through 
notification system and offers to take action on micro/macro element deficiencies (in %) 
recommending required fertilizer options to benefit.

Keywords: Microelement deficiency, macroelement deficiency, NPK, Boron, Zinc, Ferrum, 
Magnesium, Deep Learning, Artificial Neural Networks, Computer Vision, Object 
Recognition, YOLO, CNN, Complex Systems, Agriculture, plant nutrient, soil science, 
deficiency in leaf, tomato, deficiency in tomato, human hunger 
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Figure 1. System Context Diagram.
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IMPACT OF STRESS FACTORS INTERNAL AND EXTERNAL TO THE HIVE ON 
HONEY BEES AND THEIR REFLECTION ON HONEY BEE PRODUCTS 
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ABSTRACT 

Honey bees are one of the most beneficial insects in the world, both for their important role in 
pollination and for their health beneficial products. Bee products, which contain various 
nutritional and bioactive components from honey to bee venom, have been used since ancient 
times as food, functional food and medicine in the treatment of many diseases. However, 
many factors inside and outside the hive jeopardise the existence of bee colonies and affect 
the quality of bee products. In addition, these stressors combine to cause severe declines in 
bee populations and/or beneficial bee products. The aim of this paper is to provide an up-to-
date literature review for researchers studying honey bees and their products, to educate 
beekeepers about some of the wrong practices and to summarise the known threats inside and 
outside the hive for those interested. Firstly, stressors in the nest such as food shortages, 
disease and pest infestations should be treated. More should be learnt about the viability, 
vigour and health of the honey bee colony. Undesirable beekeeping activities are also 
discussed in connection with stressors within the hive. The effects of stressors outside the nest 
such as climate change, habitat loss and climate change are then addressed. The effects of 
environmental pollution on honey bees are investigated and the effects of internal and external 
stressors within the hive on bee products are assessed. Safety and quality depend on both 
colony health and environmental conditions. 

Keywords: Beekeeping, Climate change, Honey Bee, Colony loss
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ABSTRACT 

Introduction and Purpose: The vegetables consumed from their roots (carrot, celery, radish, 
red beet, and turnip) have an important place in human nutrition and health because they are 
rich in fiber, minerals, vitamins, and phytochemicals. Root vegetables are good dietary 
products because of their nutritional properties, as well as their low calorie and fat ratio. 
During the COVID-19 pandemic, the importance of healthy and balanced nutrition as a 
vegetable priority has become even more understood. In this study, different parameters for 
the production, consumption, and trade of vegetables consumed with roots during the 
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COVID-19 pandemic in Turkey were evaluated. Materials and Methods: Data for root 
vegetables (carrot, celery, radish, red beet, and turnip) come from two distinct time periods: 
pre-COVID-19 (2010 2019) and COVID-19 (2020 2021). Changes in the amount of 
production (1000 tons), area of production (decar), yield (t/decare), vegetable prices (kg/TL), 
volume of exports and imports (1000 tons), consumption (1000 tons), per capita 
consumptions (kg), domestic use (1000 tons), available production (1000 tons), supply (1000 
tons), production losses (tonnes), and degree of adequacy (%) for these periods were 
determined, and the data obtained were presented in graphs. The data were obtained using the 
data of the Turkish Statistical Authority (TUIK). Results: The COVID-19 pandemic process 
has been determined to vary depending on the parameters studied for the production, trade, 
and consumption of root vegetables. Discussion and Conclusion: The study found that while 
there were variable increases in all the parameters studied for other root vegetables (celery, 
radish, red beet, and turnip), there were minimal decreases in the range and quantity of 
production, supply, domestic use, consumption, per capita consumption, and import values in 
carrots during the COVID-19 pandemic period (2020 and 2021) compared to the pre-
epidemic period (2010 2019). 

Keywords: Carrot, Celery, Radish, Red Beet, Turnip.  
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Turp Pancar Kereviz
Su 88.3 g 95.3 g 91.9 g 87.6 95.4 g
Kalori 41 kcal 16 kcal 28 kcal 43 kcal 14 kcal
Protein 0.93 g 0.68 g 0.9 g 1.61 g 0.69 g

0.24 g 0.1 g 0.1 g 0.17 g 0.17 g
Karbonhidrat 9.58 g 3.4 g 6.43 g 9.56 g 2.97 g
Lif 2.8 g 1.6 g 1.8 g 2.8 g 1.6 g
Ca 33 mg 25 mg 30 mg 16 mg 40 mg
Mg 12 mg 10 mg 11 mg 23 mg 11 mg
P 35 mg 20 mg 27 mg 40 mg 24 mg
K 320 mg 233 mg 191 mg 325 mg 260 mg
Na 69 mg 39 mg 67 mg 78 mg 80 mg
Folat
Vitamin C 5.9 mg 14.8 mg 21 mg 4.9 mg 3.1 mg
Vitamin B-6 0.138 mg 0.071 mg 0.09 mg 0.067 mg 0.074 mg
Vitamin A - -
Vitamin K
Lutein + zeaxanthin - -
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kerevizi), Covid- - vid-

-

BULGULAR 

- 890 da alanda 594 

- -

-19 

163



164



-19 

-

-

165



Covid- -

166



olurken, tu

Yeterlilik Derecesi (%) 

167



Covid-

getirilin

168



Covid-

-

169



022) 

Covid-

- lutein ve zeaxantin 

170



Covid-

ivus L.) 

Agricultural Sciences, 23(3): 289-295. 

Goyenechea, R., Fanovichc, A., Rodrigues, C.R., Nicolao, M.E., Scalaa, K.D. (2018). 
Supercritical CO2 extraction of bioactive compounds from radish leaves: Yield, antioxidant 
capacity and cytotoxicity. The Journal of Supercritical Fluids, 135: 78 83.

Kasim, R., Kasim M.U. (2019)International Marmara Sciences Congress (Autumn) 2019 
Proceedings Book (Natural and Applied Sciences), pp: 615-622.

Ma, G. C., Wang, Y. R., and Xuan, Z. Y. (2016). Analysis and comparison of nutritional 
compositions in Xinjiang turnip (Brassica rapa L.). Sci. Technol. Food Ind., 37: 360 364.

Parveen, T., Hussain, A., and Rao, M. S. (2015). Growth and accumulation of heavy metals in 
turnip (Brassica rapa) irrigated with different concentrations of treated municipal wastewater. 
Hydrol. Res.,46, 60 71. 

Sun, T., Simon, P.W., Tanumihardio, S.A. 2009. Antioxidant phytochemicals and antioxidant 
capacity of biofortified carrots (Daucus carota L.) of various colors. Journal of Agricultural 
and Food Chemistry, 57(10): 4142 4147.

https://www.tuik.gov.tr/ hi: 08.01. 2024). 

USDA. 2024. https://www.usda.gov/

171



(ASCOPHYLLUM 
NODOSUM) 

EFFECT OF SEAWEED (ASCOPHYLLUM NODOSUM) TREATMENTS ON 
GERMINATON AND TURF QUALITY IN SOME COOL SEASON GRASS 

(Orcid ID: 0000-0002-4264-6833)  

(Orcid ID: 0000-0002-4653-5567) 

emek 

n

l ve yosun 

Anahtar Kelimeler: 

172



ABSTRACT

This study was carried out to determine the effect of seaweed (Ascophyllum nodosum) on the 
germination and plant growth characteristics of some cool season grass (Lolium perenne L., 
Festuca arundinaceae Schreb., Festuca rubra L., Poa pratensis L.). Seaweed was applied by 
spraying at doses of 3,3 and 6,6 g/L in a field experiment and at a dose of 1/500 for priming 
seeds in the laboratory. It was determined that a 6,6 g/L dose was more effective for NDVI, 
chlorophyll content, and canopy temperature in field experiments, and P. pratensis indicated a 
higher response to this dose. In terms of germination percentage, seaweed was either similar 
to the application with water or caused a negative effect. On the other hand, the seeds with 
water and seaweed treatments germinated in a shorter time than the control. While seaweed 
increased shoot length more in F. arundinacea, water application increased in other grass 
species. In terms of root length, water application in L. perenne and P. pratensis species, and 
water and seaweed application in F. arundinaceae and F. rubra showed higher and similar 
results. Seedling fresh weight was found to be higher in untreated seeds and this effect was 
similar in dry matter ratio. On the other hand, dry matter ratios of control and seaweed 
applications are higher and similar to water applications. In conclusion; 6,6 g/L seaweed 
application in field conditions affected the development of grass species positively. However; 
in terms of germination and seedling characteristics of cool-season grasses, seaweed did not 
indicate the expected effect, and priming with water was more successful. 

Key Words: Turf grass, seaweed, germination, chlorophyll, NDVI 
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Tablo 2. Proton marka deniz yosununa ait 

w/w (%)
Organik Maddeler: 45
Alginik asit 1,5
Potasyum Oksit (K2O) 10
pH 9-11
EC 44,6 (dS/m)

- 

-

-Ar
-

Aylar
Toplam Ortalama

oC)
Ortalama 

nispi nem (%)
2021 2022 UYO 2021 2022 UYO 2021 2022 UYO

Ocak 40 22 33 1,3 -0,9 -0,1 72 85 79,8
35 24,2 28,2 3,6 2,7 1,6 70 81,9 74,2

Mart 35 16,6 29,9 6 0,8 5,2 70 73,3 67,4
Nisan 37 5,2 44,1 10,8 11,9 9,9 71 60 64,1

44 27,2 42,3 15,7 16 14,9 77 61 62,6
Haziran 36 78,4 24,2 19,4 19,5 18,9 68 71 60,3
Temmuz 15 16,6 15 22,1 21,4 21,9 51 60,5 55

9 33,6 11,2 22 22,9 21,9 50 68,6 56,3
16 4,4 17,2 18,1 18,7 17,5 51 61,8 59,9

Ekim 23 15 35 12,7 12,1 12,1 53 73,3 68
25 7 33,4 9 8,4 5,9 61 71,5 73,6
54 21,8 42,4 11,6 5,1 1,9 76 88,3 79,5

Ortalama/Toplam 369 272 355,2 11,9 10,5 11 64,2 69 66,7

-
%0,93 ve 30-

2O5 2
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Derinlik 
(cm)

pH
(%)

Tuz 
(%)

Organik 
Madde (%)

(kg/da)

Toprak 

P2O5 K2O
0-30
30-60

7.90
7.94

6.14
4.76

0.02
0.03

0.93
1.39

6.52
8.14

152
191

-1 ve 6,6 g/L-1)
2 parsellere tabana ekimle birlikte 20 kg/da DAP ge

2

2, F.arundinacea 40 g/m2,
F.rubra 20 g/m2 ve P.pratensis 10 g/m2

-

20 o

ir 
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L. perenne 5 10
F.arundinacea 7 14
F.rubra 7 14
P.pratensis 10 21

P. pratensis>L. 

lirlemek 

P. pratensis 0.87a 507.0a 12.9a

F. rubra 0.77c 347.2d 11.8c

F. arundinaceae 0.74d 380.1c 12.4b

L. perenne 0.79b 442.4b 11.6d

3,3 gr/l 0.79b 415.5b 12.2b

6,6 gr/l 0.82a 453.0a 12.5a

Varyans analizi
** ** **

YU ** ** **
** ** *

CV% 1.18 2.08 1.38

F. 
larak P. pratensis ve L. perenne
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zot

P. 
pratensis 

0,86b*

0,75ef 0,74f 0,76e

0,87b

0,74f 0,74f
0,79d

0,89a

0,81c

0,74e
0,81c

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

1

P. pratensis F. rubra F. arundinaceae L. perenne

Kontrol 3,3 6,6

470be*

334,6f
367,6e 384d

481,3b

338,6f
379,6de

462,3c

569,6a

368,3e 393d

481b

0

100

200

300

400

500

600

P. pratensis F. rubra F. arundinaceae L. perenne

Kontrol 3,3 6,6
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uygulam

12,6bc*

11,3h
12,3de

11,5gb
12,8b

12,0ef 12,4cd
11,6g

13,3a

12,2de 12,6be
11,8fg

0,0
2,0
4,0
6,0
8,0

10,0
12,0
14,0

P. pratensis F. rubra F. arundinaceae L. perenne

Kontrol 3,3 6,6
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Tablo 7

(%)

Ortalama

(cm) (cm) (mg/fide)

Kuru 
madde

(%)

P. pratensis 62.8d 10.5a 2.4c 0.2d 1.6d 14.8a

F. rubra 90.5b 5.3b 6.3b 1.3c 5.9c 14.3ab

F.
arundinaceae

99.6a 4.5c 6.9a 3.2a 14.8a 12.4c

L. perenne 88.0c 4.4d 6.8a 3.0b 9.9b 13.6b

Kontrol 
(Kuru)

79.5c 6.4a 5,3c 1.5c 8.3a 14.0a

Su 90.0a 6.1b 5,8a 2.2a 7.9b 13.1b

Yosun (1/500) 85.9b 6.1b 5.7b 2.1b 7.8c 14.2a

Varyans analizi
* * * * * *

TU * * * * * *
* * * * * *

CV% 3.06 1.39 2.07 5.6 1.2 3.3

ubra ve P. 
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yandan su il

79,5d*

99b

79d

60,5f

92,2c
100a 99b

70e

92,2c
100a

93,5c

58d

0

20

40

60

80

100

L.perenne F.arundinacea F.rubra P.pratensis

Kontrol Su Yosun

4,6g* 4,9e

6,1d

10,1c

4,4h 4,2
4,8f

10,8a

4j 4,4h
5,1e

10,7b

0
1
2
3
4
5
6
7
8
9

10
11

L.perenne F.arundinacea F.rubra P.pratensis
Kontrol Su Yosun
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vaginatum 'Salam' 

uy

6,1e* 6,6c
6,2e

2,2g

7,2a
6,9b

6,4d

2,7f

7,1a 7,1a

6,2e

2,3g

0

2

4

6

8

L.perenne F.arundinacea F.rubra P.pratensis

Kontrol Su Yosun

1,9d*

2,7c

1,1f

0,1g

3,7a

3,4b

1,4e

0,3h

3,3b 3,4b

1,4e

0,1g

0
0,5

1
1,5

2
2,5

3
3,5

4

L.perenne F.arundinacea F.rubra P.pratensis

Kontrol Su Yosun
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erir) 

uru madde 

-

v

ebilir. 

10e*

15,5a

6,4g

1,4k

10,4d

13,6c

5,9h

1,8j

9,2f

15,2b

5,4

1,5k

0

5

10

15

20

L.perenne F.arundinacea F.rubra P.pratensis
Kontrol Su Yosun

13,3de*

11,3f 12,6e

18,6a

12,6e 13e 14,4cd

12,5ef
14,8bc

13e

15,9b

13,3de

0
2
4
6
8

10
12
14
16
18
20
22

L.perenne F.arundinacea F.rubra P.pratensis
Kontrol Su Yosun
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ABSTRACT 
The agricultural sector is important for economic growth and development in developing 
countries. Therefore, it is necessary to support the agricultural sector financially, and 
agricultural loans provide this support. Through agricultural loans, farmers can sustain their 
agricultural activities by accessing the necessary capital.The aim of this study is to investigate 
the effect of agricultural loans provided by public, private, and foreign banks on agricultural 
GDP in Turkey. The quarterly time series data has obtained cover the period from 2005:Q1 to 
2023:Q3 for this purpose. The time series that have included seasonality have been incorporated 
into the model after being adjusted for seasonal effects. Initially, the stationarity of the series 
has been examined using the Augmented Dickey-Fuller unit root test. Then, the short run and 
long run relationships have been assessed using the Autoregressive Distributed Lag Bound Test 
approach. According to the findings obtained from the study, a positive relationship has been 
identified between agricultural loans provided by both public banks and foreign banks and the 
agricultural GDP. On the other hand, no significant relationship has been found between loans 
provided by private banks and agricultural GDP. Moreover, the error correction model 
coefficient has been found negative and significant statistically. This result indicates that short 
run deviations have converged to the long ruın coefficient in 2.33 periods. Also, agricultural 
GDP has increased by 0.12% when agricultural loans provided by public banks have increased 
by 1%. Similarly, a 1% increase in foreign bank loans has resulted in a 0.03% increase in 
agricultural GDP. Furthermore, the impact of agricultural loans provided by public banks on 
agricultural GDP has been higher compared to loans provided by foreign banks. It is suggested 
that increasing the share of agricultural loans provided by foreign banks and encouraging 
private banks has been necessary for the agricultural sector. 
 
Keywords: Agricultural bank loans, ARDL bounds testing approach, agricultural sector, 
agricultural gross domestic product, Turkey. 
 

1.INTRODUCTION 
The agricultural sector, which plays a critical role in various aspects such as food production, 
employment generation, and rural development, contributes significantly to overall growth. 
Thus, it has a significant effect on the economic and social structure of a country. However, 
financing required for the sustainability of agricultural production often poses a major challenge 
for farmers. Agricultural loans provided by governments and financial institutions offer 
significant financial assistance to farmers in order to overcome these challenges and assistance 
the industry. Also, agricultural loans are financial products offered for various purposes, 
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including covering input costs such as seeds, fertilizers, and pesticides, acquiring or improving 
agricultural land, and conducting post-harvest marketing activities. These loans aim to support 
the sustainability and growth of the agricultural industry by providing farmers with advantages 
such as lower interest rates, long-term repayment options, and flexible payment conditions. 
Moreover, they serve as an essential tool to strengthen farmers against climate change, natural 
disasters, and other uncertainties. In addition, agricultural loans contribute to increasing 
income, providing employment in rural areas, and supporting overall economic growth, thereby 
contributing to rural development. Overall, these loans play a crucial role in fostering the 
sustainability and growth of the agricultural sector. 
 

Tablo 1. Agricultural GDP, Public, Private and Foreign Agricultural Loan: 2005-2022 
(Thousand TRY) 

 
Year 

Agricultural 
GDP 

Loan  
in Public  

Bank 

Loan in  
Private 
Bank 

Loan in  
Foreign 
Bank 

2005 78.370.970 19.927.169 5.473.062 607.744 

2006 79.585.310 18.549.133 8.511.469 1.375.229 

2007 74.636.413 23.744.609 10.478.784 3.152.830 

2008 78.013.732 31.114.846 12.036.166 7.531.833 

2009 81.234.274 40.697.758 10.414.187 9.326.956 

2010 87.464.906 54.210.172 12.838.173 10.627.127 

2011 90.473.489 85.129.878 18.672.192 11.937.473 

2012 92.459.744 92.398.036 22.324.929 14.036.532 

2013 94.649.299 92.872.395 28.064.682 19.737.813 

2014 95.167.987 106.732.006 34.241.438 25.828.739 

2015 103.977.399 149.282.847 39.294.821 35.783.772 

2016 101.280.685 193.875.543 37.992.064 47.465.116 

2017 106.262.848 227.201.565 40.656.432 64.459.404 

2018 108.708.277 272.393.666 44.707.050 77.975.496 

2019 111.964.074 309.226.059 43.679.385 78.077.857 

2020 118.467.681 355.527.324 46.341.904 90.612.795 

2021 114.865.702 455.276.994 55.605.479 99.444.389 

2022 116.325.286 778.699.781 92.783.287 130.972.233 

  (Note: Created by the authors.)    (Source: TURKSTAT and TBB, 2024) 
 

Numerous banks provide agricultural loans for the agricultural industry in today’s world. Table 
1 denote the distribution of agricultural GDP and the credits extended by public, private, and 
foreign banks for the agricultural industry in Turkey between 2005 and 2022. The agricultural 
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GDP value of Turkey exhibits a general increasing trend from 2005 to 2022 as evident in Table 
1. The overall increase during this period is approximately 48% above the initial value in 2005. 
However, a decrease is observed from 2007 to 2009, attributed to a decline in agricultural output 
influenced by the global economic crisis in 2008. Nevertheless, a recovery is noticeable from 
2009 onwards, with agricultural GDP consistently following a growth trajectory. Particularly 
noteworthy is the rapid increase, especially from 2010 onwards.There are some annual 
fluctuations but it is possible to assert that the overall trend is upward between 2015 and 2018. 
After reaching its peak value in 2020, agricultural GDP has shown a slight decline in the 
ongoing years, 2021 and 2022. 

 
Figure 1. Agricultural Gross Domestic Product, Public, Private and Foreign Bank Loans 
in Turkey Between 2005-2022 (Thousand TRY). (Note: Created by the authors.) (Source: 

TURKSTAT and TBB, 2024) 
Figure 1 depicts the development of agricultural loans utilized by different banks for the 
agricultural industry in Turkey. It is evident that there has been a general increase in credit 
demands within the agricultural industry over the years in examining Figure 1. This indicates a 
growing need for financing among agricultural enterprises. When examining the distribution of 
credits across different types of banks, it is noticeable that agricultural loans obtained from 
public banks are generally higher. Particularly, there is a significant increase in credits from 
public banks, especially between 2005 to 2010. While agricultural credits from private banks 
exhibit a generally ascending trajectory, they demonstrate a trend of greater stability post-2010. 
Moreover, agricultural credits, which are generally lower and provided by foreign banks, 
experience an increase, especially after 2010. Furthermore, the increase in the share of public 
banks may suggest that financing demands in the agricultural industry are directed towards 
these banks. However, it is also evident that private and foreign banks increasingly provide 
credit to this sector. Also, a noticeable increase in credit demands in the agricultural industry is 
observed in the period after 2010, coinciding with the growth in the sector.  
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Agricultural loans are a financial tool that can be utilized to enhance productivity and income 
in agricultural enterprises (Doll & Orazem, 2005). In developing countries, the importance of 
loans as a crucial element of development is emphasized (Braverman & Guasch, 1990). The 
growth in the industry generally enhances positively to the overall growth of a country. On the 
other hand, the agricultural industry is highly sensitive to seasonal fluctuations and natural 
disasters. Thus, it is important for farmers to be financially secure in the face of unexpected 
situations they may encounter. Moreover, agricultural credits serve as a significant tool in 
providing farmers with protection against such uncertainties. Bank loans contribute to the 
sustainability of agricultural activities by furnishing farmers with essential capital. Banks offer 
specific credit products and support programs for the agricultural industry to support these 
activities. Furthermore, government-supported agricultural credit initiatives are employed to 
offer financial assistance to farmers. These types of loans are generally offered to farmers with 
low-interest rates and long-term repayment conditions. Supported by sufficient financing, 
agricultural activities can lead to increased productivity in agricultural production. For these 
reasons, bank loans play a critical role in ensuring the sustainability of agricultural activities. 
 
The literature on the financing of the agricultural industry can be examined by categorizing 
studies three two main sections. The first group includes literature on studies conducted in 
countries other than Turkey. Findings obtained through survey method are also included along 
with time series analyses in these researchs. For instance, Schaefer & Pischke (1982) have 
emphasized the need for agricultural credits to particularly focus on small farmers, highlighting 
the importance of supporting this segment. They have also underscored the difficulties faced 
by small farmers in providing collateral for credit, making it challenging for them to access 
credit sources. Asiedu & Fosu (2008) have evaluated the effect  of agricultural loans on the 
Ghanaian economy between 1970 and 2003 with the Logit model. According to their findings, 
the amount of loan in the agricultural industry has decreased, and they have concluded that the 
Central Bank of Ghana should incentivize support for agriculture during the period under 
consideration,. They have also suggested that monetary policy tools should be used at suitable 
intervals to support the agricultural industry and have highlighted the significant effect  of 
financial liberalization on resource allocation. Bashir et al. (2010) have researched the effect  
of agricultural credits on wheat production in Pakistan. Data collected through surveys have 
been evaluated using multiple regression analysis. The study results have denoted that credit 
usage is effective in increasing agricultural productivity. The Ordinary Least Square (OLS) 
approach has been used by Vincent et al. (2011) to analyze the connection between commercial 
banks loan and agricultural production in Nigeria. Findings of the research have indicated a 
positive effect  of agricultural loan on agricultural production, but with a negative effect of 
interest rates. Sial et al. (2011) delved into the correlation between agricultural loans and 
agricultural output in Pakistan spanning the years 1972 to 2008, employing a production 
function of the Cobb-Douglas type. The results of the conducted OLS coefficients analysis 
indicate that the growth of agricultural production is influenced by factors such as agricultural 
credits, irrigability, crop density, and agricultural labor. Omojimite (2012) have investigated 
the influence of institutional support and macroeconomic variables on the growth performance 
of the agricultural industry in Nigeria. An analysis of data spanning from 1970 to 2008 has been 
conducted through cointegration analysis. The results indicate that agricultural production tends 
to rise by 0.21% for each 1% increase in agricultural credits. Weber & Musshoff (2012) have 
found that agricultural enterprises in Tanzania, which have faced more obstacles in accessing 
credit compared to non-agricultural enterprises, also have fewer defaults in loan repayments 
than their non-agricultural counterparts. Girabi & Mwakaje (2013) have obtained data through 
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surveys on 98 individuals who have used or have not used microfinance credit. They have 
concluded that those who have used bank credits have had higher agricultural productivity than 
those who have not using multiple regression analysis. Chisasa & Makine (2015) have 
investigated the correlation between bank loan and agricultural production in South Africa from 
1970 to 2011 with cointegration test. Agricultural production has been found to be closely 
connected to bank loans, according to research findings. Moreover, a one-way causal 
relationship has been established, demonstrating the effect of bank loans on agricultural 
outputs. Awotide et al. (2015), who have conducted research with data covering the period from 
2003 to 2004, have explored the influence of loan accessibility on agricultural productivity in 
Nigeria. Study findings reveal that a positive relationship between access to agricultural loan 
and the size of the agricultural production area and total livestock holdings. Nnamocha & Eke 
(2015) have used an error correction model (ECM) to examine the effect  of bank loan on 
agricultural output in Nigeria from 1970 to 2013. The result has revealed that both bank credit 
and industrial production exert a substantial long-term influence on agricultural production. 
Hussain et al. (2015) have tested the effect  of agricultural credit on agricultural production in 
Pakistan from 1973 to 2009 using cointegration analysis. The results indicate a positive 
relationship among the variables. Moreover,  1% increase in credit has been found to increase 
the GDP value by 11%. Udoka et al. (2015) have identified the effects of commercial bank 
loans, government spending on agriculture, the agricultural credit guarantee plan fund, and 
interest rates on agricultural output in Nigeria. According to the study result the there is positive 
and significant relationship among all variables, excluding the interest rate variable, which 
employed the Ordinary Least Squares method on data spanning from 1970 to 2014.  Rehman 
et al. (2017) have used Johansen cointegration analysis. They applied this method to investigate 
the relationship between agricultural GDP and agricultural loan in Pakistan, analyzing data 
from 1960 to 2015. Based on the findings of the study, a positive correlation has been found 
among the variables provided by various intitutions. However, there is no significant 
relationship has been found between agricultural GDP and agricultural credits provided by 
cooperatives. Ogbuabor & Nwosu (2017) have evaluated the effect of agricultural loan 
utilization on agricultural productivity in Nigeria from 1981 to 2014.  According to the 
cointegration test result, both short run and long run impact of loan on agricultural productivity 
have been identified. Mwonge & Naho (2022) have analyzed farmers’ perceptions of 
agricultural loan in Tanzania with a sample of 300 farmers. Challenges affecting farmers’ 
access to loan, such as lack of access to credit information, insufficient education, bureaucratic 
procedures, and high repayment rates, have been identified. Ameh & Lee (2022) have assessed 
the key factors influencing the access of 281 rice producers to loan in Nigeria using the logit 
model. The analysis has included various socio-economic factors as well as variables such as 
interest rates, farm size and income, and non-farm income. Findings have indicated that 
accessing credit increases the incomes of farmers in the region. 
 
The literature has employed time series analyses to determine the impact of loan usage on the 
agricultural industry predominantly in Turkey. Yıldız & Oğuzhan (2007) have analysed the 
effect  of implemented monetary policies on agricultural output using the VAR Model, as 
evidenced by their analysis. In light of the results, it has been concluded that factors designated 
as other instruments of monetary policy, such as the farmer's income index, exchange rates, and 
interest rates, are not as effective as agricultural credits. Therefore, an approach that could be 
more effective in agricultural support, prioritizing selective credits, has been emphasized. 
Additionally, the conclusion has been drawn that agricultural credits play a more critical role 
compared to other variables in addressing the challenges faced by the sector. Terin et al. (2014), 
who have been conducted research between 1995 and 2012, have investigated the relationship 
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between agricultural loan and agricultural output. The research findings indicate a one-way 
causal relationship from agricultural output to the utilization of agricultural loan. Taşcı (2015) 
has explained the historical process of agricultural finance and analyzed the sufficiency of 
agricultural credit resources provided by the banking sector between 1999 and 2014. The 
findings have indicated a gradual decrease in the amount of credit during the examined period.  
Işık et al. (2015) have assessed the influence of agricultural loan on agricultural output across 
26 regions through panel data analysis spanning from 1995 to 2014. Favorable associations 
between agricultural loan and agricultural output have been observed in all regions, except for 
Gaziantep, both in the short and long terms. Adanacıoğlu et al. (2017) compared the agricultural 
credit performances of provinces in Turkey using a multidimensional sampling approach from 
1998 to 2016. Findings from the study suggest variations in agricultural production value, the 
amount of agricultural credit used, and the agricultural credit performance ratio among 
provinces in Turkey. Duramaz & Taş (2018) investigated the influence of agricultural credits 
offered by public, private, and foreign-capital banks on agricultural production in the Aegean 
region. According to the results of panel data analysis, the augmentations in credits from public, 
foreign, and private banks, all of which positively contribute to agricultural production, resulted 
in respective increments of 3.2%, 0.4%, and 0.1%. Kadanalı & Kaya (2019) have evaluated the 
relationship between real agricultural GDP and total agricultural loans covering from1998 to 
2018. Cointegration analysis and Granger causality test results, which have indicated a 
unidirectional causality relationship between the variables, have denoted that they move 
together in the long term. Topuzoğlu & Artukoğlu (2019) have comparatively assessed 
agricultural credit usage in Turkey with selected countries. According to the results of the study, 
when compared to the examined countries, there has not been an effective infrastructure for 
agricultural credit usage in Turkey. Additionally, significant deficiencies have been identified 
in conducting credit evaluations based on objective criteria. Significant differences have been 
detected in establishing collateral conditions for loan usage, and it has been determined that 
producers are insufficient in financial literacy. Furthermore, it has been emphasized that there 
is a need for a detailed and publicly shared database to analyze loan provided by private banks. 
Şit (2019) has analyzed the effect  of loan provided to the agricultural industry in the 
Southeastern Anatolia region between 1988 and 2017 on the region’s development. The study 
results have denoted that there is two-way causality among variables. Bahşi & Çetin (2020) 
have evaluated the relationship between loans and GDP between 1998 and 2016. According to 
the empirical results, agricultural loans have been found to positively affect agricultural 
production. Oğul (2022) has conducted an assessment on the connection between agricultural 
loan and agricultural output, employing Johansen cointegration analysis during the period from 
1990 to 2020.The findings have indicated cointegration relationship between agricultural output 
and the agricultural loan variable in the long run. Moreover, positive relationship between 
agricultural loan and agricultural output has been found in the model. In other words, it has 
been concluded that increases in agricultural loans have led to an increase in agricultural output. 
Gezer & Gezer (2022) have examined the effects of both agricultural loan and agricultural 
supports on agricultural output. They have investigated the effect  of positive and negative 
shocks, which utilized quarterly data from 2006 to 2021 and the NARDL model. The study has 
concluded that positive agricultural loan shocks have had an enhancing effect on agricultural 
production, while negative loan shocks have had a negative effect  in the long run. Önder (2023) 
has assessed the effect  of agricultural loan on economic growth using regional-level data from 
2004 to 2021. According to the findings obtained from dynamic panel data analysis, 
unidirectional relationship from overall economic growth to agricultural loan has been 
identified in Turkey. Moreover, it has been concluded that 1% increase in agricultural loan in 
the long run has increased per capita income by 0.008%. 
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The third group has encompassed micro-data-based studies on agricultural credits at the 
province level in Turkey in the literature. As an illustration, Ünlüer & Güneş (2013) have 
examined a survey-based analysis by exploring interviews in Eskişehir. The aim has been to 
identify factors contributing to the default on agricultural loans. The obtained data have been 
analyzed through logistic regression analysis. According to the findings, as the economic 
profitability ratio has increased, the credit’s affordability has also increased. Also, an increase 
of one unit in the leverage ratio has been found to decrease the credit's affordability by 1.81 
times. Similarly, it has been observed that as the repayment period of the credits has extended, 
the repayment of the credits has decreased. Moreover, it has been emphasized that the factors 
affecting the credit's affordability may vary depending on the region where the research has 
been conducted. Tosun & Güneş (2018), who conducted the survey method-based research with 
139 agricultural enterprises in Eskişehir, have reached the conclusion that the most important 
factors are the leverage ratio, economic profitability, land ownership, and savings tendency, 
respectively, based on the obtained research results. Koçtürk et al. (2013) have investigated the 
effect  of farmers’ use of agricultural loan on rural development. The study explored financial 
practices in rural development, detailing the roles of banks and agricultural credit cooperatives 
and revealing the extent of financial support received by farmers in Manisa from each 
institution. The research has highlighted the necessity of continuing subsidized credit practices 
for on-site development of the rural areas and increasing their contribution to the national 
economy. Furthermore, it has been emphasized that the sole purpose of banks and other credit 
institutions being profit-oriented is not suitable for the rural areas due to the agricultural sector's 
low risk and capital turnover rate. Thus, it has been underlined that supporting the sector in 
terms of credit and financing is crucial, and subsidized credit usage has remained of great 
importance in all periods. Also, the study has pointed out that when evaluating the amounts of 
credit provided by banks and agricultural credit cooperatives, Manisa province has ranked 
among the leading provinces in the Aegean region. Erdaş & Oraman (2016) have evaluated the 
data obtained through a survey method with 380 agricultural enterprises in the Edirne region 
using the logistic regression method. The study revealed that agriculture has not been supported 
by the state, and 64% of the participants have used agricultural credit. It has also been found 
that agricultural credit usage has increased with the increase in agricultural expenses. Hayran 
& Gül (2018) have examined the factors influencing credit usage among farmers in Mersin 
using the logistic regression method. Based on the findings gathered from a survey involving 
239 couples, positive relationship has been identified between four of the explanatory variables 
and agricultural credit usage, while three variables have shown a negative relationship. Ceylan 
& Sabuncu (2019) have investigated agricultural credit performance in their study covering 81 
provinces in Turkey using the K-means clustering method. According to the findings, the values 
of agricultural production value, total cultivated land, and agricultural credit volume have 
differed on the identified three clusters significantly. Tüzün Rad & Aydoğdu (2019) have 
analyzed the interviews conducted with farmers using agricultural credits in Mersin through 
content analysis. The study has identified the factors affecting the choice of bank and credit 
demand. Moreover, the study has emphasized that public banks are more preferred due to their 
low-interest credit practices and accessibility. Furthermore, it has been highlighted that high-
interest rates, high transaction costs for credits, short repayment periods, and the requirement 
of collateral for credit demand are the most effective factors in accessing agricultural credit. 
Semerci (2021) has conducted the data of 571 farm businesses in the Thrace region concerning 
oilseed sunflower, cotton, rice, canola, and dairy farming activities. The demand for agricultural 
credit has risen as the size of the enterprise has increased according to study findings. Baysa & 
Cihangir (2021) have determined the types of zero-interest low agricultural credits granted 
based on interviews with public bank employees and calculated the approximate costs of these 
credit types. It has also been concluded that the calculated credit costs have approximately 
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doubled when collateral has been taken. Vuruş Akçaöz et al. (2022) have assessed agricultural 
loan usage with 80 agricultural enterprises affiliated with agricultural cooperatives for 
agricultural purposes in Antalya. According to the study results, the main reasons for farmers’ 
loan usage are identified as addressing the needs for agricultural input procurement and 
overcoming operational capital deficiencies. Additionally, it has been concluded that Ziraat 
Bank has been the most preferred bank due to its subsidized loan opportunities and low 
agricultural loan interest rates. Orak & Tahsin (2023) have explored the data obtained from 
interviews with 198 hazelnut producers in Giresun using a survey method. The most effective 
factors in agricultural credit usage for hazelnut producers in 2021 and 2022 have been 
production costs and income from hazelnut production. It has also been emphasized that 
agricultural credit demand has increased positively in connection with these two variables. 
As seen in the relevant literature, there are numerous studies on agricultural credit usage. This 
research examines the impact of agricultural loans supplied by banks on the agricultural GDP. 
In contrast to other studies, loans provided by public banks, private banks, and foreign banks 
are differentiated and analyzed for the first time in this research, which contributes to the 
existing literature. The research is structured into four primary sections. The first part comprises 
an introduction and a literature review.The second part provides information about the dataset 
used in the study and the econometric model. The third part deliberates on the empirical results 
derived from the model estimation. The concluding part provides summary remarks and offers 
policy recommendations. 
 

2.DATA AND ECONOMETRIC MODEL 
This study utilizes quarterly data covering the period from 2005:Q1 to 2023:Q3. Data collection 
involved sourcing information from two different channel. The agricultural GDP data used in 
the study is compiled from the Turkish Statistical Institute (TURKSTAT) database. Also, the 
agricultural gross domestic product (GDP) data is adjusted for seasonality and incorporated into 
the model. The GDP variable is categorized based on primary activity branches and is adjusted 
to real terms through the application of the 2009 base year deflator before its incorporation into 
the model. Agricultural credit data provided by public, private, and foreign banks are obtained 
from the database of the Turkish Banking Association. All variables are subjected to natural 
logarithm transformation in the process of model estimation. Table 2 presents the variables used 
in the calculations along with all necessary explanations. 

Table 2. Descriptions of  Variables 

Definition Unit Vaiables Source 

Agricultural Gross  
Domestic Product (Thousand TRY) GDPagricultural The Turkish Statistical Institute 

Public Banks Loan (Thousand TRY) LOANpublic The Bank Association of Turkey 

Private Banks Loan (Thousand TRY) LOANprivate The Bank Association of Turkey 

Foreign Banks Loan  (Thousand TRY) LOANforeign The Bank Association of Turkey 
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Unit root tests are commonly used tools to determine the stationarity of variables. The use of 
non-stationary series may result in spurious regression issues, which can cause meaningful 
relationships to be interpreted as added to the model. Additionally, this situation can lead to the 
misinterpretation of parameters (Baltagi, 2003). Thus, ensuring the stationarity of the series 
Including them in the model after ensuring their stationarity is crucial for the robustness of the 
estimated parameters (Gujarati, 2004). This study employed the ADF unt root test to assess the 
stationary nature of the series. In this testing procedure, the null hypothesis posits that the series 
lacks stationarity and has a unit root. Models without constant and trend, models with constant, 
and models with constant and trend are used in the analysis of the stationarity of the series. The 
equations of these models are expressed respectively by equations (1) (2) (3). Also, when 
determining the appropriate lag lengths for the series in unit root tests, the smallest lag number 
decided based on the Akaike Information Criterion (AIC) and Schwarz Information Criterion 
(SC) is identified as the optimal lag number. 
 

∆𝑦𝑡 = 𝜌𝑦𝑡−1 + ∑ 𝜑İ
𝑘
𝑖=1 ∆𝑦𝑡−𝑖 + 𝜀𝑡                                                                             (1) 

∆𝑦𝑡 = 𝛼 + 𝜌𝑦𝑡−1 + ∑ 𝜑İ
𝑘
𝑖=1 ∆𝑦𝑡−𝑖 + 𝜀𝑡                                                                 (2) 

∆𝑦𝑡 = 𝛼 + 𝛽 𝑡 + 𝜌𝑦𝑡−1 + ∑ 𝜑İ
𝑘
𝑖=1 ∆𝑦𝑡−𝑖 + 𝜀𝑡                                                                (3) 

 
The equation for the model used to determine the relationships between variables is provided 
in equation 4. The dependent variable GDPagricultural signifies the agricultural gross domestic 
product's value in the model. Moreover the independent variables include bank loans provided 
for the agricultural industry by public banks, private banks, and foreign banks. Furthermore the 
abbreviations used for the independent variables are LOANpublict, LOANprivatet, and 
LOANforeignt, respectively. 
 
GDPagriculturalt = β0 + β1 LOANpublict + β2 LOANprivatet  + β3 LOANforeignt +εt              (4) 

 
The ARDL (AutoRegressive Distributed Lag) model is frequently employed in time series 
analysis. There is no requirement for independent variables to be stationary at the same level in 
the ARDL model. Moreover, ARDL model, offers an advantage in obtaining more consistent 
results compared to other methods when working with limited datasets. It is commonly used to 
assess dynamic interactions between variables over time due to these two crucial reasons. The 
unrestricted error correction model, which will be used to analyze the effect  of commercial 
loans provided by public, private, and foreign banks in the agricultural industry on agricultural 
growth, is expressed in Equation 5 in line with the study’s objective. 
 

𝛥𝑙𝑛𝐺𝐷𝑃𝑎𝑔𝑟𝑖𝑐𝑢𝑙𝑡𝑢𝑟𝑎𝑙𝑡 = 𝛽0 + ∑ 𝛽1𝑘𝑙𝑛𝐺𝐷𝑃𝑎𝑔𝑟𝑖𝑐𝑢𝑙𝑡𝑢𝑟𝑎𝑙𝑡−𝑘
𝑚
𝑘=1 +

∑ 𝛽2𝑘𝑙𝑛𝐿𝑂𝐴𝑁𝑝𝑢𝑏𝑙𝑖𝑐𝑡−𝑘
𝑚
𝑘=1 + ∑ 𝛽3𝑘𝑙𝑛𝐿𝑂𝐴𝑁𝑝𝑟𝑖𝑣𝑎𝑡𝑒𝑡−𝑘

𝑚
𝑘=1 +

∑ 𝛽4𝑘𝑙𝑛𝐿𝑂𝐴𝑁𝑓𝑜𝑟𝑒𝑖𝑔𝑛𝑡−𝑘
𝑚
𝑘=1 + 𝛽5𝑙𝑛𝐺𝐷𝑃𝑎𝑔𝑟𝑖𝑐𝑢𝑙𝑡𝑢𝑟𝑎𝑙𝑡−1 +

𝛽6𝑙𝑛𝐿𝑂𝐴𝑁𝑝𝑢𝑏𝑙𝑖𝑐𝑡𝑡−1 + 𝛽7𝐿𝑂𝐴𝑁𝑝𝑟𝑖𝑣𝑎𝑡𝑒𝑡−1 + 𝛽8𝐿𝑂𝐴𝑁𝑓𝑜𝑟𝑒𝑖𝑔𝑛𝑡−1 + 𝜀𝑡                                                                                                         

 
 

(5) 
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The Δ symbol denotes the differencing operator; m denotes the appropriate lag length; β1, β2, 
β3, β4 are the error correction coefficients; β5, β6, β7, β8 are the long-term coefficients; εt 
represents the error term; and the parameter k represents the lag count for each variable in 
Equation 5. The F-test is utilized to ascertain the presence of cointegration in the model. The 
null hypothesis examines the absence of cointegration (H0 = β5 = β6 = β7 = β8 = 0) whereas the 
alternative hypothesis tests for the presence of cointegration (H1 = β5 ≠ β6 ≠ β7 ≠ β8 ≠ 0). The 
assessment of cointegration presence involves a comparison of the F-statistic value derived 
from the model prediction with the lower and upper critical thresholds. If the calculated F-
statistic value is smaller than the lower critical threshold, it indicates the absence of 
cointegration between the series. Similarly, if the computed value is greater than the upper 
critical threshold, it implies the existence of cointegration between the series. Yet, when the F-
statistic value resides within the range of lower and upper critical values, a conclusive 
determination regarding the existence of cointegration cannot be reached. After establishing the 
long-term cointegration relationship, the short-term coefficients are estimated through the 
application of the ECM. For this purpose, the developed error correction model is expressed in 
Equation 6 (Pesaran et al., 2001). After identifying the cointegration relationship for the long 
term, the determination of short run coefficients which is accomplished using the ECM, is 
specified in equation 6. 
 

𝛥𝑙𝑛𝐺𝐷𝑃𝑎𝑔𝑟𝑖𝑐𝑢𝑙𝑡𝑢𝑟𝑎𝑙𝑡 = 𝛽0 + ∑ 𝛽1𝑘𝑙𝑛𝐺𝐷𝑃𝑎𝑔𝑟𝑖𝑐𝑢𝑙𝑡𝑢𝑟𝑎𝑙𝑡−𝑘
𝑚
𝑘=1 +

∑ 𝛽2𝑘𝑙𝑛𝐿𝑂𝐴𝑁𝑝𝑢𝑏𝑙𝑖𝑐𝑡−𝑘
𝑚
𝑘=1 + ∑ 𝛽3𝑘𝑙𝑛𝐿𝑂𝐴𝑁𝑝𝑟𝑖𝑣𝑎𝑡𝑒𝑡−𝑘

𝑚
𝑘=1 +

∑ 𝛽4𝑘𝑙𝑛𝐿𝑂𝐴𝑁𝑓𝑜𝑟𝑒𝑖𝑔𝑛𝑡−𝑘
𝑚
𝑘=1 +  𝜑𝐸𝐶𝑇𝑡−1 + 𝜀𝑡                                                                                                         

 
(6) 

The coefficient φ, indicating the long-term convergence speed of variables, is anticipated to be 
both statistically significant and negative. Projections made with the ARDL model have 
depended on the threshold values determined by Pesaran et al. (2001). The model has been 
executed utilizing the Eviews 12 econometric program. 

 
4.FINDINGS AND DISCUSSIONS  
The stationarity and cointegration degrees of the series are assessed before proceeding to the 
analysis using the ARDL model. ADF unit root analysis are employed for all series with the 
results of the statistical analysis presented in Table 2 for this purpose. According to the analysis, 
in which the unit root test is conducted at a 5% significance level, when models with intercept, 
trend, and intercept are considered, it is observed that the variable GDPagricultural attains 
stationarity when first differenced. Furthermore, it is observed that the independent variables, 
which include LOANpublic, LOANprivate, and LOANforeign, demonstrate stationarity at 
different level. LOANpublic and LOANprivate variables are found to be non-stationary at the 
level (I(0)), but they become stationary when first differenced (I(1)). On the other hand, it has 
been concluded that the LOANforeign variable is stationary both at the level I(0) and when first 
differenced I(1). Furthermore, the stationarity levels of the series are different as seen in  the 
table 2. Therefore, subsequent to this, other analyses belonging to the ARDL bounds testing 
approach, which provides consistent results in forecasting series with different levels of 
stationarity, are carried out in the continuation of the study. 
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Table 3. Stationarity Tests of Variables: Unit Root Tests 

 

ADF Test Statistics 
(with intercept) 
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 ADF Test Statistics 

  (with trend and intercept) 
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Level 
I(0) 

First  
Difference 

I(1) 

 
Level 
I(0) 

First  
Difference 

I(1) 

Ln(GDPagricultural) 
-0.355 
(0.917) 

-67.00*** 
 (0.000) I[1] -1.987 

 (0.598) 
-66.48*** 
 (0.000) I[1] 

Ln(LOANpublic) 
1.229 

 (0.998) 
-3.431** 
 (0.012) I[1] -1.748 

 (0.719) 
-3.748** 
 (0.025) I[1] 

Ln(LOANprivate) 
-0.251 

 (0.926) 
-6.579*** 
 (0.000) I[1] -1.508 

 (0.818) 
-6.528*** 
 (0.000) I[1] 

Ln(LOANforeign) 
-2.965** 
 (0.043) 

-4.578*** 
 (0.000) 

I[0] 
I[1] 

-4.148*** 
 (0.008) 

-4.175*** 
 (0.008) 

I[0] 
I[1] 

(Notes:  The symbols***,**,and * denote that significance level of 1%, 5% and 10%, respectively. Figures  in  
(  ) and and  [  ]  indicates are p-values and stationary level, respectively. The appropriate lag length is identified 
using the Schwarz Bayesian Criterion. (Source: Created by the authors in E-view 12) 

 
Following the evaluation, it has been determined that the most appropriate model is the ARDL 
(5,4,2,0) model. The outcomes of employing the ARDL bounds testing method for analyzing 
cointegration are presented in Table 4.   
 
Considering the computed F-statistic and the related to critical bound values for model, the F-
statistic is greater than the upper critical value, thereby leading to the rejection of the null 
hypothesis (Ho). Based on this finding, there is a long-run cointegration relationship between 
GDPagricultural and the variables LOANpublic, LOANprivate, and LOANforeign. 
 

Table 4. Estimated ARDL Models and Bounds F-test for Cointegration 

Dependent Variable:   
ln(GDPagricultural) 

 Bound Critical Values 

F Statistic Value k Significance  
Level 

Lower  
Bound I(0) 

Upper  
Bound I(1) 

4.499** 2 

10% 2.37 3.20 

5% 2.79 3.67 

1% 3.65 4.66 
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( Note: The symbols***,**,and * denote that significance level of 1%, 5% and 10%, 
respectively. The critical values for bounds are derived from Pesaran et al. (2001), Appendix: 
Case II (Source: Created by the authors in E-view 12) 
 
The short run and long run coefficients and diagnostic test result has been denoted in table 5. 
The R2 value of the model is calculated at 0.976. This result reveal that the model demonstrates 
a significantly high level of explanatory power. It has been conducted to analyze whether there 
is an issue of autocorrelation in the model.  
 
Initially, we can not reject the null hypothesis (Ho) indicating no autocorrelation in the model 
at a 5% significance level (p=0.612>0.05) based on the results of the Breusch-Godfrey LM test. 
These findings reveal that the absence of an autocorrelation issue in the model.  
 
Similarly, based on the results of the Breusch-Pagan-Goldfrey Heteroskedasticity Test, in 
which the null hypothesis (Ho) cannot be rejected at a 5% significance level (p=0.763>0.05), 
there is no issue of changing variance in the model. Moreover, the results of the Ramsey Reset 
Test suggest that the model is appropriately specified with correct specifications.  
 
Lastly, we determine that the assumption of normal distribution of error terms is valid, based 
on the Jarque-Bera test results, which is obtained at a 5% significance level (p=0.576>0.05). 
Since the p-values for all diagnostic test statistics are greater than 0.05, we cannot reject the 
null hypothesis.  
 
This results demonstrates that there is no autocorrelation in the model, the issue of changing 
variance does not arise, the model is effectively structured, and the error terms follow a normal 
distribution. 
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Table 5. Findings of ARDL Tests (Long-Run and Short Run) 
 

Long-Run Estimates 
Dependent Variable:  Δln(GDPagricultural) 

Independent 
Variables Coefficient Standart 

Deviation t-Statistic Prob.Values 

  Constant 15.1300*** 0.3228 46.8690 0.0000 
ln(LOANpublic) 0.1220** 0.0497 2.4535 0.0173 

  ln(LOANprivate) -0.0601 0.0676 -0.8878 0.3785 
ln(LOANforeign) 0.0363** 0.0174 2.0829 0.0419 

 
Short Run Estimates 

Variables  Coefficient Standart 
Deviation t-Statistic Prob.Values 

Δln(GDPagricultural)-1 -0.0181 0.1093 -0.1657 0.8690 
Δln(GDPagricultural)-2 -0.0151 0.1032 -0.1464 0.8842 
Δln(GDPagricultural)-3  0.2767** 0.1051 26.324 0.0110 
Δln(GDPagricultural)-4 -0.1863* 0.1050 -17.747 0.0815 
Δln(LOANpublic) -0.0247 0.0377 -0.6553 0.5150 
Δln(LOANpublic)-1 -0.0996** 0.0385 -25.853 0.0124 
Δln(LOANpublic)-2 -0.0309 0.0402 -0.7679 0.4458 
Δln(LOANpublic)-3 -0.0992** 0.0378 -26.253 0.0112 
Δln(LOANprivate) -0.0316 0.0429 -0.7360 0.4649 
Δln(LOANprivate)-1  0.1350*** 0.0399 33.866 0.0013 
ECM(-1) -0.4299*** 0.0875 -49.124 0.0000 

 
Result of Diagnostic Tests 

  Statistic Prob.Values 
R2 0.976  
Adjusted R2                                                                  0.970  
F-statistic                                                                            161.07*** 0.000 
Breusch–Godfrey Serial Correlation LM Test 0.494 0.612 
Breusch-Pagan-Goldfrey Heteroskedasticity Test  0.700 0.763 
Ramsey Reset Test 0.704 0.405 
Jargue-Bera Normality Test 1.102 0.576 
   

( Note: The symbols***,**,and * denote that significance level of 1%, 5% and 10%, 
respectively. Diagnostic tests results are based on F-statistic. The optimum number of lags is 
chosen based on the Akaike Information Criteria. (Source: Created by the authors in E-view 
12) 
 
The cointegration relationship between variables in the long run has been analyzed in Table 5. 
When evaluating the long-term relationships between variables, it has been identified that in 
the agricultural industry in Turkey, the agricultural loan provided by public banks and 
agricultural GDP move in the same direction. Put differently, there exists a positive correlation 
between public bank loans within the agricultural sector and the agricultural GDP. Also,  
increase of 1% in agricultural loan provided by public banks leads to 0.12% increase in 
agricultural GDP according to the long-term coefficient results. Additionally, the coefficient of 
foreign banks loans is significantly positive, which implies that has a positive effect  on 
agricultural GDP. Also a 1% increase in lead to a 0.03% increase in agricultural GDP. 
Conversely, loans offered by foreign banks do not exhibit any correlation with the agricultural 
GDP in the agricultural sector. Another noteworthy finding is that agricultural loans provided 
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by public banks have a more significant effect  on agricultural GDP compared to loans provided 
by foreign banks. 
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Figure 1. Stability Test of ARDL Model: CUSUM and CUSUMQ  

 (Source: Created by the authors in E-view 12) 
 
Finally, the presence of structural breaks in the long term is determined by using the CUSUM 
and CUSUM-SQ tests recommended by Brown, Durbin, and Evans (1975) within the model. 
The movement of parameters within the specified limits in the model indicates the consistency 
of the estimated coefficients. We apply the CUSUM and CUSUM-SQ tests to determine the 
stability of coefficients in the model. The residuals of the model stay within the critical 
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boundaries determined at a 5% significance level in both tests as seen Figure 2. This result 
suggests that the coefficients remain stable in the long run and do not include any structural 
breaks in the model. After conducting a long-term analysis of the parameters, the error 
correction model coefficient ECM(-1) has been calculated to determine the short-term 
relationships between the variables. The error correction coefficient ECM(-1) is found to be 
negative (-0.429) and significant at the 1% level, as shown in Table 5. This result indicates that 
short-term deviations in the model converge the long-term coefficient in approximately 
(1/0.429) = 2.33 periods. 
 

4.CONLUSION 
The agricultural sector is one of the fundamental sectors playing a crucial role in the growth. 
Although the agricultural sector's contribution to the GDP has decreased in recent years in 
Turkey, it still holds significance, especially for countries which are in the developing nation 
category. Also, ensuring persistent agricultural output is crucial for attaining sustainable 
economic growth and development in the agricultural industry. Thus, providing financial 
support to agricultural production becomes essential. Also, agricultural loans serve as a vital 
tool in this regard. These loans enable farmers to achieve a stronger financial position, thereby 
enhancing productivity in agricultural production. 
 
This research investigates the impact of bank loans on the agricultural GDP in Turkey. 
Agricultural loans are categorized as those provided by public, private, and foreign banks. 
Agricultural loans disbursed by banks have been analyzed by distinguishing between public, 
private, and foreign banks for the first time in this study. This has allowed for the analysis of 
bank loans that have been effective on agricultural GDP. Quarterly data from 2005:Q1 to 
2023:Q3 have been used for estimating the econometric model, and time series with seasonality 
have been included in the model after having been seasonally adjusted. Additionally, all series 
have been estimated by applying logarithmic transformation. In this context, the study has 
initially investigated whether the variables have contained unit roots, and unit root tests have 
been applied due to the stability of the variables at different levels and the possibility of 
obtaining consistent results in small samples. Then, the ARDLboundary test has been used for 
estimating coefficients, as it has allowed for stationary variables at different levels and provided 
consistent results in small samples. According to the results of the ARDL boundary test, it has 
been determined that the variables have been cointegrated. Also, CUSUM and CUSUMS tests, 
which aim to test for structural breaks in the model, have been conducted, and the results, which 
indicate that the model predictions have been consistent and stable, provide valuable insights. 
The coefficient of the error correction model has been found to be negative and statistically 
significant. This result suggests that deviations occurring will have approached the long-term 
coefficient in 2.33 periods in the short run. Moreover, positive relationship has been identified 
between agricultural loans provided by public banks and foreign banks and agricultural GDP 
in Turkey in the long run. Based on the ARDL model, a 1% increase in agricultural loans 
extended by public banks has led to a 0.12% increase in agricultural GDP. Similarly, 1% 
increase in foreign bank loans has had an effect of increasing agricultural GDP by 0.03%. This 
results have indicated that the agricultural loans provided by public banks have had a stronger 
effect  on agricultural GDP compared to those provided by foreign banks. It is believed that 
policymakers should increase the agricultural credit support from foreign banks for the long-
term economic growth of the agricultural sector. On the other hand, a statistically significant 
relationship could not be found between the loans provided by private banks and agricultural 
GDP. Thus, policies aimed at increasing the share of private banks in agricultural loans should 
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be supported. It is considered that researchs analyzing the results of the study comparatively at 
the regional level within the context of Turkey and with other developing country groups would 
make a significant contribution to the literature. 
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ABSTRACT 

The purpose of this study was to prepare test samples of cosmetic creams containing apiphyto 
by analyzing bee pollen and propolis components obtained from regions of Nakhchivan 
Autonomous Republic. In the preparation of the test samples, the ingredients are 5% propolis 
extract, 2% melon seed extract, 10% poplar bud extract, 3% bee pollen extract, 10% aloe vera 
extract (10:1), 10% lanolin, 5% medicinal chamomile . extract, 15% almond oil, 10% sesame 
seed oil, 10% almond pollen extract, 10% chamomile flower water, 10% watercress flower 
water were used. Prepared samples were applied among volunteers, based on the results of the 
survey, it was determined that the prepared face cream restores the elasticity of the skin, 
smoothes wrinkles, and brightens the skin tone. Allergic reactions were not found among the 
volunteers and it was observed that the test sample was stable for 60 days at room 
temperature. In order to increase the amount of p-coumarin in cosmetics with SPF effect, in 
the studies, along with propolis, medicinal honeysuckle ( Melilotus officinalis L.) and poplar (
Populus balsamifera L.) flowers were used. extracts prepared from its shoots were also used. 
In another antipigment effective test, common almond ( A. communis L.) was added to bee 
pollen in order to increase tyrosinase inhibitors. flower pollen and melon ( Melo Mill.) seed 
extracts were added. The prepared test samples were rich in biologically active substances and 
had an antioxidant and antimelanogenesis effect.

Key words: pollen, propolis, extract, cosmetic, flora
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INTRODUCTION

Nakhchivan Autonomous Republic is a mountainous region located in the southwest of the 
Lesser Caucasus. The territory of the autonomous republic is 5.5 thousand km 2 . This is 6% 
of the total territory of the Republic of Azerbaijan. The highest point in the territory of the 
autonomous republic is 3906 m above sea level, and the lowest point is 600 m above sea 
level. The climate is sharply continental with hot summers and harsh winters. The annual 
number of sunny hours here is 2600-2800 hours. Nakhchivan Autonomous Republic has a 
unique rich flora due to its geographical position and terrain. This flora, in terms of historical 
development, was formed in a genetic relationship with the flora of the Mediterranean Sea 
and Front Asia. The dry continental climate of the autonomous republic has led to the 
development of more xerophytic plants here. According to recent studies, the flora of the 
autonomous republic is represented by 176 families, 908 genera, and 3021 species. This is 
63% of the flora of Azerbaijan and 40.5% of the flora of the Caucasus. 65% of plants with 
different life forms included in the flora are useful plants: essential, medicinal, medicinal, 
food, etc. constitutes [32].
In modern times, attention has been paid to the use of bee products in order to protect human 
health as a preventive measure. These natural raw materials of both plant and animal origin 
are important in the field of cosmetology as well as food and pharmaceuticals. In recent times, 
in China, Japan, Korea, Egypt, Turkey and Azerbaijan, etc. honey, bee pollen, propolis, bee 
milk, bee venom were the most valuable products used in skin diseases and cosmetic purposes 
[23, 37]. 
The main purpose of this study was to investigate the applications of bee pollen and propolis 
in the cosmetology sector in the scientific bases, the innovations achieved in this direction, 
and to discuss the prospects of studying bee products in the Nakhchivan Autonomous 
Republic, which has a rich flora. 
Propolis is a bee product made from a mixture of beeswax and resinous substances collected 
by honeybees from the shoots and acorns of various plants and trees. The main source of 
propolis is poplar, willow, oak, birch, alder, fir , horse chestnut, alder, apricot, elm, and 
essential oil herbs [3]. Bee pollen is a product of the agglutination of pollen brought to the 
hive by bees and enzymes secreted by bees' saliva. According to pollen Salicaeae Mirb.,
Apiaceae Lindl., Brassicaceae Burnett., Papaveraceae Adans., Fabaceae Lindl., Rosaceae 
Adans., Lamiaceae Lindl. and so on. plants belonging to the family are more loved by honey 
bees [6, 7].
According to their chemical composition, propolis is dominated by wax, terpenes, organic 
acids, and bee pollen by proteins and amino acids , but both products contain phenolic and 
flavonoid compounds, vitamins A, E and C, Zn, Se, Mg, Fe, Cu, etc. bell download with
mineral substances such as [14, 7, 35, 1, 10, 16, 17, 22, 12]. The increased attention to the use 
of these products in the food, pharmaceutical and cosmetological fields has increased the 
interest in its biochemical analysis. Studies have shown that the biochemical composition of 
bee products depends greatly on the type of bee, the surrounding vegetation and the 
geographical area. However, plants are considered the main source of biologically active 
substances [26, 10]. 
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 The cosmetological effects of propolis and bee pollen, which are rich in biologically 
active substances, on human skin have shown positive results in many international 
experiments. Due to the anti-inflammatory, antiviral, anifugal, antioxidant properties of these 
products, they protect human skin against dryness, aging, ultraviolet rays, accelerate collagen 
synthesis, and also inhibit the process of melanogenesis [34, 13, 19, 36, 18]. One of the main 
causes of skin aging is free radical/antioxidant imbalance in the skin. Since bee products are 
rich in antioxidants, flavonoids, vitamins and trace elements, they quickly eliminate the signs 
of premature aging [1, 11, 21, 2 2 ].  

The cosmetic effects of bee pollen and propolis depend significantly on the phenolic 
acids and flavonoids contained in it. Each of the biologically active substances has its own 
effect.

Table 1. Cosmetological properties of bioactive components of bee pollen and propolis
Biologically active substance Cosmetological properties Literature source
Caffeic acid
Coumarin
Quercetin
Stilbenes

Highly protective against UV 
rays

Counterinsurgency effect

[23].
Hatahet T. [13].
Subedi L. [29].
Schwarzbein J. [27].

Genistein Bat healer Tie L. [33].
Caffeic acid

Antioxidant

Hatahet T. [13].
Aliyazicioglu R. [1].
Magnani C. [24].
Zillich OV [39].

Quercetin
Routine
Apigenin

P-coumarin
Saffilospermidine
Caffeic acid

Antimelanogenesis Khongkarat Ph. [19].

Vitamin C and E
Antioxidant

Kostic AZ [23].
Altunatmaz SS [2].
Formicki G. [12].Zn and Se

Korean scientists have studied the antimelanogenesis effect of bee pollen in 
hyperpigmentation, which is an actual problem of modern times. Despite the fact that the 
melanin pigment is included in the protective system of the skin, hyperpigmentation causes an 
unpleasant aesthetic appearance on the skin. In addition, the melanin pigment accelerates the 
process of formation of free radicals. This study was applied to volunteers who had artificially 
created melanoma and observed that the bee pollen extract significantly reduced the rate of 
melanogenesis by inhibiting the enzyme tyrosinase. The study concluded that bee pollen can 
be used to whiten melonoma, freckles, sun and age spots. Researchers have recommended 
that natural products of antityrosinase nature become an important component of cosmetics 
[20, 31, 5].
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In other studies, substances that inhibit the enzyme tyrosinase in bee pollen and propolis were 
studied. Khongkarat Ph. and b. in the spectroscopic analysis of bee pollen obtained from 
sunflower ( Helianthus annuus L.) by safflospermidine substance and Yuanfan Y. et al. in the 
study performed by, it was determined that caffeine in tea ( has high 
antityrosinase activity [19, 38].

Stanciauskaite M. and others. in his study, the SPF 
effects of propolis extract and the extracts of 
common pine ( Pinus sylvestris L.), poplar ( 
Populus balsamifera L.) and birch ( Betula pendula 
L.) shoots, which are considered its precursors, 
were compared with standard p-coumaric acid and 
quercetin. did a comparative analysis. According to 
the result, SPF value in poplar buds extract and 
propolis extract was closer to standard p-coumarin 
and quercetin than other extracts. The researchers 
attributed this to the high content of p-coumarinic 
acid in both extracts [28].

Kekecoglu M. and others. The chemical composition, antimicrobial and anti-fungal properties 

in Liquid Chromatography-Mass Spectroscopy (LC-MS/MS). According to the results, the 
amount of pinostrobin, gallic acid and syringic acid in the propolis sample was superior. 
Antimicrobial and antifungal effect of propolis extract was considered satisfactory [18].
Aydin G. and others. In the study "The use of natural protective propolis and Hypericum 
perforatum oil in the production of herbal cream" conducted by Biochemical analysis of both 
raw materials was performed by chromatographic methods and quercetin, p-coumaric acid, 
ferulic acid, transcinnamic acid, benzoic acid and organic acids were high in Hypericum 
perforatum oil. In the test samples of the creams, the protective effect was obtained to the 
expected extent [4].
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s. Biochemical analyzes of 15 propolis samples 
collected from different regions of Azerbaijan were analyzed. From the results, it was found 
that in propolis samples collected from Nakhchivan Autonomous Republic, quercetin, 
apigenin and kaempferol substances from flavonoid derivatives were higher, and caffeine and 
p-coumarin acid from polyphenol acids were relatively less. As in other samples, chlorogenic
and catechyl substances were not detected in Nakhchivan samples. The research shows that
depending on the regions, different differences were observed in the chemical composition of
propolis samples. Analysis of the chemical composition is important for studying the
cosmetological-therapeutic effect of propolis [8].
Huseynova A. and Alakbarli A. and common almond ( A.communis L.) in the study
performed by flavonoid concentration in the pollen of the plant was analyzed. The research
was performed on a spectrophotometric device. According to the results, it was determined
that the amount of flavonoids in the pollen of common almond ( A.communis L.) plant is

This indicator is a sufficient quantity for the preparation of cosmetic products
[15]. Because the study of the chemical composition of flower pollen requires a lot of work
and requires quite a lot of natural raw materials, research in this direction is carried out
relatively little. However, the use of bee pollen as well as plant pollen for the preparation of
cosmetology products leads to obtaining a high amount of biologically active substances.
In many studies, the preparation of cosmetology products using apiphyto mixture is found.
The main goal in the preparation of such products is to increase the amount of the active
substance, and also the synergistic effect of the biologically active substances contained in
both natural products ensures even more uniqueness of the cosmetic. The most commonly
used plants in cosmetology are eggplant ( Melissa L.), clover ( Trifolum L.), lavender (
Lavandula L.), thyme ( Thymus L.), chamomile ( Matricaria L) , stinging nettle ( Urtica L.),
peppermint (Ziziphora L.), licorice ( Glycyrrhiza L.), calendula ( Calendula L.), bitter gourd (
Hypericum perforatum L.) , flax ( Linum L.) seed, pumpkin ( Cucurbita L.), melon ( Melo
Mill . ) , grape ( Vitaceae Juss.), saffron ( Sesamum L.) , etc. seeds [25, 37, 4, 18].
The inclusion of the innovations obtained in the research works related to the therapeutic and
cosmetic properties of bee products, the new inventions resulting from the research is another
proof of the perspective of bee products [9,30] .

The purpose of the research was to prepare test samples of creams containing api-
phyto based on the analyzes conducted in the direction of studying the chemical composition 
of bee pollen and propolis obtained from the regions of Nakhchivan Autonomous Republic.

The result

In the study, 2 test samples of SPF and antipigment effect 
with api-phyto mixture were prepared. Test samples were 
applied among volunteers. According to the result, the 
face creams restored the elasticity of the skin, wrinkles 
were smoothed, and the skin tone was noticeably 
lightened. Allergic reactions were not found among the 
volunteers. It was observed that the test samples were 
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stable for 60 days at room temperature. The extracts used for the test were prepared in 70% 
ethyl alcohol.

Test samples

SPF effective Antipigment effective

Ingredients (in %) Ingredients (in %)

Propolis extract 10 Melon seed extract 4
Poplar bud extract 20 Bee pollen extract 6
Aloe vera extract (10:1) 20 Lanolin 20
Medicinal herb extract 10 Almond oil 30
Sesame seed oil 20 Almond pollen extract 20
Chamomile flower juice 20 Water of watermelon flowers 20

Our studies, in order to increase the amount of p-coumarin in cosmetic products with 
SPF effect, along with propolis, medicinal honeysuckle ( Melilotus officinalis L.) and poplar (
Populus balsamifera L.) flowers were used. extracts made from its shoots were also used. In 
another antipigment effective test, common almond ( A. communis L.) was added to bee 
pollen in order to increase tyrosinase inhibitors. flower pollen and melon ( Melo Mill.) seed 
extracts were added. Antioxidant and antimelanogenesis effects were ensured by ensuring the 
richness of the prepared test samples with biologically active substances.
In general, the joint processing of medicinal plant extracts with propolis and bee pollen is also 
known for its effectiveness in cosmetology. Biologically active substances in propolis 
increase the effectiveness of the active parts of plants and extend their life. Any plant extract 
added to the composition of propolis extract can remain for a long time without changing its 
composition and without spoiling. At the same time, the sticky property of propolis means 
that the active parts of plant extracts applied together with it remain longer on the skin and are 
easily absorbed. And bee pollen is richer in secondary metabolites, as the basis of its 
composition is flower pollen. This is evidence that its cosmeological and even 
pharmacological effects are quite high. 

But despite all this, the cosmetological-therapeutic effect of propolis and bee pollen 
depended on the plant sources. The chemical composition of these products to be used in 
cosmetology should be studied, and they should be used after taking into account the 
superiority of the useful composition indicators for cosmetology. 
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A GENERAL OVERVIEW OF VEGETABLES CONSUMED ONION AND SHOOT 
PARTS DURING THE COVID-19 PANDEMIC PERIOD IN TURKEY 
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Anahtar Kelimeler:

ABSTRACT 

Introduction and Purpose: Onions (dry and green), garlic (dry and green), leek, and 
asparagus are onion and shoot-part-consumed vegetables. Of these species, there is asparagus 
that they are grown to a limited extent in Turkey, and more wild forms are collected in nature. 
Onions and shoot vegetables are known to be reservoirs of vitamins and minerals and are 
good for many diseases. The study aims to determine the impact of the COVID-19 pandemic 
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process in Turkey on the production, consumption, and trade of onions and shoots vegetables 
(dry and green onions, dry and green garlic, and leek). Materials and Methods: Vegetables 
whose onion and shoot parts are consumed, the pre-Covid-19 period (2010 2019), and the 
Covid-19 epidemic period (2020 and 2021) were assessed on a number of parameters 
(production, area yield, vegetable prices, volume of exports and imports, consumption, per 
capita use, domestic use, available production, supply, loss of production, and degree of 
adequacy). The data were obtained using the data of the Turkish Statistical Authority (TUIK).  
Results: The COVID-19 pandemic has been different effects on the production, trade, and 
consumption of consumed onions and shoots parts of vegetables, depending on the parameters 
studied. Discussion and Conclusion: In the course of the COVID-19 pandemic (2020 and 
2021), green onions and leek from the vegetable species consumed with onions and shoots 
have decreased in terms of production area and quantity, supply, available production, 
domestic use, consumption, per capita use, and production losses, while these parameters 
have seen increased in other species. There has been a decrease in the volume of green onion 
exports, green onion imports, and dried garlic imports, while in other species these parameters 
have increased. 

Key Words: Garlic; Leek; Onion; Production; Trade 
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E FARKLI TOHUM UYGULAMALARININ 

EFFECT OF DIFFERENT SEED TREATMENTS ON GERMINATION AND 
EMERGENCE CHARACTERISTICS OF POA PRATENSIS L. 

(Orcid ID: 0000-0002-4264-6833)  

(Orcid ID: 0000-0002-4653-5567) 

Kontrol (Su), MS, MS+50 mg/L BA, MS+100 mg/L 
BA, MS+100 mg/L GA3, MS+250 mg/L GA3, MS+500 mg/L GA3

MS+500 mg/L GA3

Anahtar Kelimeler: 3, BA, MS 
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ABSTRACT 

This study was carried out to determine the effects of different pre-chilling [Control (room 

MS+50 mg/L BA, MS+100 mg/L BA, MS+100 mg/L GA3, MS+250 mg/L GA3, MS+500 
mg/L GA3] treatments on germination and emergence characteristics of Kentucky Bluegrass 
(Poa pratensis L. cv. Evora) as a cool season turf grass. In germination studies, the highest 

-chilling and MS+50 mg/L BA 
application. On the other hand, the longest shoots were determined as a result of 
pre-chilling and MS+500 mg/L GA3 application. In terms of seedling fresh weight, MS+50 

-chilling gave the highest results. In the 
emergence studies, the highest emergence percentage was obtained from MS treatment after 
wet pre- -chilling 

result of seed priming with water and MS liquid of seeds that were dry pre-
conclusion; germination and emergence rates and seedling development of Kentucky 
Bluegrass were increased by pre-chilling and priming treatments. 

Key words: P. pratensis, germination, emergence, GA3, BA, MS
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Anahtar Kelimeler:

ABSTRACT

No-tillage farming has increasingly become the method of choice within sustainable 
agricultural practices in recent years. This farming technique involves direct sowing of seeds 
into the soil without any tillage, on top of the crop residues remaining after harvest. The 
reduction of soil erosion, preservation of soil moisture and structure, along with significant 
savings on fuel and labor costs, are among the reasons for the preference for no-tillage. 
Additionally, this method contributes to reducing the carbon footprint and enhancing the soil's 
carbon sequestration capacity, offering an environmentally friendly alternative. Crop rotation 
plays a crucial role in the success of no-tillage. Rotations help maintain soil nutrient balance, 
control pest and disease populations thus increasing yield, and enrich biological diversity. In 
particular, cereal and legume rotations contribute natural nitrogen to the soil through nitrogen 
fixation. This reduces the need for external fertilizers, lowering costs and simultaneously 
easing the pressure on the environment. For small-scale farmers with limited resources, this 
provides a significant advantage in terms of economic and environmental sustainability. The 
primary goal of sustainable agriculture is to maintain the balance of environmental, economic, 
and social factors over the long term, ensuring the continuity of agricultural production. Crop 
rotations are an essential tool in achieving this goal by preserving soil fertility, supporting 
biological diversity, and minimizing pest and disease pressure. On small farms, rotations offer 
the opportunity to generate more income with limited resources, strengthening the self-
sufficiency of farmers and the sustainability of agriculture. Planning no-tillage with crop 
rotations addresses a wide range of challenges, from land sizes to integration with livestock 
farming, market access, and farmers' risk perception. An effective rotation plan can aid 
farmers in dealing with pests and diseases and also naturally meet the additional nitrogen 
needs. This study has investigated the positive effects of rotations on soil in areas where no-
tillage is practiced. Notably, the reduced need for fertilization, increased organic matter in the 
soil, revitalized biological activity, improved physical soil properties, and facilitation of weed 
control are contributions of rotation to no-tillage practices. Through rotation, the diverse root 
systems of various plants can improve the soil profile and use water more efficiently. 
Furthermore, sowing different crops at different times can disrupt the life cycles of weeds, 
facilitating their control and thereby reducing the need for herbicides. In conclusion, 
implementing crop rotation in no-tillage farming is vital for sustaining agricultural
production. The adoption of this strategic approach in farming practices will significantly step 
forward in reducing environmental impact while increasing the profitability for farmers and 
enhancing food security for society.

Key Words: Sustainable agriculture, crop rotation, nitrogen fixation, biological diversity, soil 
management
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Anahtar Kelimeler:

ABSTRACT 

The stubble no-tillage systems have emerged as an important transformation tool in the 
agricultural sector in recent years. This method, which has attracted increasing interest since 
the early 1990s, has started to be applied in approximately 12.5% of global arable areas. The 
main feature of this method is that it provides environmental and economic benefits together, 
as well as contributing to sustainable agricultural practices. It protects soil health and fertility 
by preventing soil loss, which is common in conventional agricultural methods. With this 
method, the soil surface is completely protected and water erosion and wind erosion are 
prevented. Additionally, the increase in soil organic carbon levels improves soil quality and 
provides water efficiency even during dry periods by increasing water infiltration and water 
retention capacity. Fuel saving is also one of the economic advantages of the no-tillage 
method, as less processing is required and fuel consumption is reduced. However, there are 
also difficulties encountered during the application of no-tillage. Agronomic problems such as 
soil fertility, disease, and pest management reveal that the method cannot be applied with the 
same success in every region. Especially in regions where soil structure and climate 
conditions differ, the effectiveness of the no-tillage may vary. Economic costs, especially 
initial investments and required equipment and input costs, are among the major obstacles to 
the widespread adoption of this method. One of the critical factors in the success of this 
method is the development of no-tillage methods suitable for the region. In this context, 
determining and developing implementation strategies appropriate to local conditions is of 
great importance. Training programs for farmers play a vital role in disseminating the 
knowledge and technology required for the successful application of the method. Informing 
farmers about the advantages, application techniques and possible difficulties of no-tillage 
ensures effective adoption of the method. As a result, no-tillage is an important tool that can 
contribute to the sustainability of agriculture. This method has the potential to maintain soil 
health and fertility, as well as environmental and economic benefits. However, to overcome 
agronomic, economic, and social challenges; It is necessary to develop strategies suitable for 
local conditions and to implement policy measures and training programs that will support 
farmers' transition to these systems. By overcoming these challenges, no-tillage can be 
increasingly adopted and play a critical role in ensuring sustainability in the agricultural 
sector. This study details the benefits of the no-tillage method and the difficulties encountered 
when applying it and examines the steps that need to be taken to make the method more 
widely adopted. In this context, the issues that should be taken into consideration in the 
process of farmers adapting to the method are of critical importance in ensuring the successful 
implementation of the method and the development of sustainable agricultural practices. 

Key Words: Stubble direct seeding, sustainable agriculture, erosion, transformation in the 
agricultural sector, farmer training, soil quality 
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PISTACHIO BARK BEETLE, Hylesinus vestitus Mulsant & Rey (COLEOPTERA: 
SCOLYTIDAE) CAUSES HIGH LOSSES IN PISTACHIO  

Kurban NEDRET
,

Acer spp., Juniperus spp. 

Anahtar Kelimeler:

ABSTRACT 

Pistachio bark beetle, Hylesinus vestitus Mulsant & Rey is a polyphagous species with many 
cultivated and wild hosts. Pistachio (Pistacia vera), olive (Olea europaea), terebinth (Pistacia 
terebinthus), buttum (Pistacia khinjuk), other Pistacia spp., Acer spp. and Juniperus spp. are 
among the pest's hosts. Pistachio bark beetle gives 1 generation per year. Hylesinus vestitus is 
one of the most important and destructive pests of pistachios. The main damage is caused by 
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the adult insects. They feed on the shoots and fruit buds of pistachios. Larvae feed along the 
shoot. They open galleries and pupate inside. Damaged sprouts and eyes cannot develop. 
They dry out over time. If the pest infestation (population) is high, the formation of that year's 
fruit buds is delayed and the fruit buds are destroyed, resulting in a severe reduction in the 
next year's crop. In addition, Alternaria spp. fungi can infect pistachios through the holes 
opened by the pest for feeding. 

This study reviewed previous studies on Hylesinus vestitus and compiled information on the 
morphology, biology, damage, distribution, hosts, natural enemies and management of the 
pest. The result was a clear picture of the pest's current situation worldwide.  In addition, the 
importance of the trap-branch method in the management of the pest was demonstrated and 
recommendations for the management of the pest were given.  

Keywords: Pistachio bark beetle, Hylesinus vestitus Mulsant & Rey, Pest, Management 
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DETERMINATION OF SPATIAL VARIABILITY OF PRECIPITATION IN HAITI 
USING GPM-IMERG AND PERSIANN-CCS SATELLITE DATA 

GPM-IMERG VE PERSIANN-CCS UYDU VERİLERİ KULLANILARAK HAİTİ'DE 
YAĞIŞIN MEKANSAL DEĞIŞKENLİĞİNİN BELİRLENMESİ 

Max Andy Clerge PIERRE 
Ondokuz Mayis University, Faculty of Agriculture, Department of Agricultural Structures and 

Irrigation, Samsun, Turkey 

Sakine ÇETİN TANER
 Ondokuz Mayis University, Faculty of Agriculture, Department of Agricultural Structures 

and Irrigation, Samsun, Turkey 

ABSTRACT 
Introduction and Purpose: Precipitation is one of the most crucial parameters for the 
effective management of water resources. The rainfall data are collected from a limited number 
of ground stations spread across a specific region. Therefore, in many studies, some areas 
are excluded due to data limitations. Interpolation methods are commonly employed to 
estimate the spatial distribution of precipitation. However, using interpolation methods in 
areas where rainfall gauge data are scarce will not give accurate results. In such instances, 
satellite data can serve as a viable alternative method for determining the spatio-temporal 
variation of rainfall. The purpose of this study is to assess the potential of some satellite 
products in determining the spatial distribution of rainfall in Haiti.  
Materials and Methods: This study was carried out in Haiti. GPM-IMERG and PERSIANN-
CCS data were collected during a period starting on January 1, 2020, to end on December 31, 
2021, monthly and yearly precipitation maps were generated.  
Results: As a result of this study, respectively for 2020 and 2021 GPM-IMERG showed a 
monthly precipitation of 5.21-436.32 mm and 0.744-390.96 mm while PERSIANN-CCS 
showed a monthly precipitation of 0-581 mm and 0-870 mm. The annual precipitation values 
range from 698.72 to 2425.46 mm and from 515.02 to 2209.44 mm in the GPM-IMERG data, 
and from 314 to 2265 mm and from 191 to 2265 mm in the PERSIANN-CCS data, 
respectively, for the years 2020 and 2021.  
Discussion and Conclusion: This study pointed out that GPM-IMERG has detected less 
rainfall over Haiti than PERSIANN-CCS. It could be due to the difference of resolution 
between those satellite images and their ability to detect rainy and dry days. GPM-
IMERG and PERSIANN precipitation data can be verified with data obtained from rain 
gauges and used in many hydrological studies such as flood risk assessment and model 
studies. 

Key Words: Precipitation, Remote Sensing, PERSIANN, GPM. 
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ÖZET 
Giriş ve Amaç: Yağış, su kaynaklarının etkin yönetimi için önemli temel parametrelerden 
biridir. Yağış verileri genel olarak, belirli bölgeye dağıtılmış sınırlı sayıda yer istasyonlarıyla 
elde edilmektedir. Bu nedenle yapılan birçok çalışmada veri kısıtından dolayı bazı bölgeler 
çalışma dışı bırakılmaktadır. Yağışın alansal dağılımının belirlenmesinde, enterpolasyon 
yöntemleri de sıklıkla kullanılmaktadır. Ancak yağış ölçerr verilerinin az olduğu veya 
bulunmadığı alanlarda enterpolasyon yöntemlerini kullanmak doğru sonuçlar vermeyecektir. 
Bu durumda yağışın alansal-zamansal değişiminin belirlenmesinde uydu verilerinin 
kullanılması iyi bir alternatif yöntem olabilir. Bu çalışmanın temel amacı, GPM-IMERG ve 
PERSIANN-CCS uydu ürünlerinin Haiti’de yağışın alansal dağılımının belirlenmesinde 
kullanım potansiyelinin belirlenmesidir.   
Gereç ve Yöntem: Bu çalışma Karayipler bölgesinde bulunan Haiti’de yürütülmüştür. 
Çalışmada 1 Ocak 2020 ile 31 Aralık 2021 tarihleri arasındaki zaman dilimi için (2 yıllık veri 
seti) GPM-IMERG and PERSIANN-CCS yağış verileri temin edilmiştir. Bu verilerden aylık 
ve yıllık yağış haritaları elde edilmiştir.  
Bulgular: Bu çalışma sonucunda, aylık yağış değerleri 2020 ve 2021 yılları için sırasıyla, 
GPM-IMERG verilerinde 5,21 - 436,32 mm ve 0,744 - 390,96 mm arasında, PERSIANN-CCS 
verilerinde 0 - 581 mm ve 0 - 870 mm arasında değişim göstermektedir. Yıllık yağış değerleri 
ise 2020 ve 2021 yılları için sırasıyla, GPM-IMERG verilerinde 698.72 – 2425,46 mm ve 
515.02 – 2209.44 mm arasında, PERSIANN-CCS verilerinde 314 – 2265 mm ve 191-2265 mm 
arasında değişmektedir.  
Tartışma ve Sonuç:  Bu çalışma sonucunda, GPM-IMERG yağış verilerinin Haiti’de genel 
olarak PERSIANN-CCS yağış verilerinden daha az yağış tespit ettiği saptanmıştır.  Bunun 
nedenleri arasında, uydu görüntüleri arasındaki çözünürlük farkı ve uyduların yağmurlu ve 
kurak günleri tespit etme yetenekleri olabilir. GPM-IMERG ve PERSIANN yağış verileri, 
yağışölçerlerden elde edilen verilerle doğrulanarak, taşkın riski değerlendirmesi, model 
çalışmaları gibi birçok hidrolojik çalışmada kullanılabilir. 

Anahtar Kelimeler: Yağış, Uzaktan Algılama, PERSIANN, GPM. 

1. INTRODUCTION
Water is very important for life on earth, without it living beings can’t survive. To protect and 
control this resource, much research has been carried out. During which it has been observed 
that some inputs are difficult to know precisely. Among those parameters the main one is 
precipitation. Its large spatial and temporal characteristics must be well known for better 
management of water resources, assessing of flood risks, hydrological studies etc. Usually, 
those precipitation data are collected from sparsely distributed and limited ground stations. 
Therefore, those data are discontinued, some places aren’t taken into account. In an attempt to 
solve this problem, researchers used other alternatives, firstly interpolation that help to put more 
space into consideration. The spatio-temporal kriging method (ST-Kriging) is one of the most 
widely used methods for meteorological data with both temporal and spatial characteristics 
(Spadavecchia et al., 2009; Kilibarda et al., 2014; Montero et al., 2015; Gräler et al., 2016; 
Medeiros et al., 2019; Varouchakis et al., 2019; Rahmawati, 2020; Li et al., 2023). The main 
objective of the ST-Kriging method is to spread the autocorrelation function of the kriging 
process from spatial to spatio-temporal aspect through a spatio-temporal autocorrelation 
formula to better constitute the connection between spatial and temporal data (Li et al., 2023). 
And secondly satellite images data which is more accurate than the previous ones due to its 
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ability to observe precipitation over land and ocean, in addition its data could be readily 
collected for free all around the world. The coming of satellite images has made a lot of changes 
in many fields of study, specifically the water field. Their performance varies according to some 
criteria such as the place where it has been collected and the moment of time. 
Nowadays there are several satellite precipitation products that play a key role in providing 
rainfall data. The most common ones are Global Satellite Mapping of Precipitation (GSMaP) 
for GPM (Ushio et al., 2010; Tian et al., 2010; Aslami et al., 2019; Kubota et al., 2020), Global 
Precipitation Measurement (GPM) mission (Islam, 2018; Kidd et al., 2020), Climate Prediction 
Centre (CPC) Morphing technique (CMORPH) (Joyce et al., 2004), Precipitation Estimation 
from Remotely Sensed Information using Artificial Neural Networks (PERSIANN) 
(Sorooshian et al., 2000), the PERSIANN Cloud Classification System estimation 
(PERSIANN-CCS) (Hong et al., 2004), the Tropical Rainfall Measuring Mission (TRMM) 
Multi-satellite Precipitation Analysis (TMPA; Montazeri et al., 2020) etc. The processes for 
estimating precipitation data that come from satellites consist of Low Earth Orbit (LEO) and/or 
Geostationary Earth Orbit (GEO) satellites (Nguyen et al.,2018). GEO satellites are able to 
produce images every 5 to 30 minutes in multiple spectral bands, but at infrared and visible 
wavelengths their spectral coverage is restricted. On the other hand, LEO satellites are capable 
of transmitting passive microwave (PMW) information about hydrometeors, which are very 
important in estimating surface precipitation rates (Nguyen et al.,2018). Early research on the 
development of satellite-based precipitation assessment methods is succinctly presented in Hsu 
et al. (1997) cited by (Nguyen et al., 2018). This work contains individual analysis of pixel 
information (Meissner et al., 2001; Nguyen et al., 2018) as well as analysis of temporal 
variations and different types of cloud images (Scofield, 1987; Nguyen et al., 2018). The 
institutes and agencies that provide these satellite image datasets don’t use the same algorithms. 
Their algorithm differences would help to have a better idea about the most reliable one by 
comparing them with rain gauges data over the area of study.  
In this study PERSIANN-CCS and GPM-IMERG satellite were used to obtain precipitation 
dataset over Haiti for 2 years, it starts from January 1, 2020, to end on December 31, 2021. 
They were mapped from monthly to yearly in order to know the spatial distribution of rainfall 
over the study area for the fixed period of time. The possibilities of using these precipitation 
maps obtained within the scope of the study were evaluated. Those data could be used for water 
resource budget, flood control, water management, and other purposes. 

 
2. MATERIALS AND METHODS 
2.1. Materials  
2.1.1 PERSIANN-CCS Satellite Data 
PERSIANN-CCS classifies cloud cover features using cloud height, with texture variability 
assessed coming from satellite imagery (Anonymous, 2024a).  Its monthly dataset was 
downloaded from the CHRS portal for 2020 and 2021 (Anonymous, 2024b). This website 
provides rainfall data for free since January 2003 up to now. Those data are accessible all around 
the world, one just needs to have a good internet connection.  
PERSIANN-CCS is world-renowned for its ability to provide real-time satellite images of 
precipitation with resolution (0.04 ֯ × 0.04 ֯ or 4 km × 4 km). This product is developed by the 
University of California, Irvine (UCI) through its Center for Hydrometeorology and Remote 
Sensing (CHRS) (Anonymous, 2024c). The algorithm of this product employs IR satellite 
imagery to remove regional and local cloud peculiarities for the purpose of estimating 
precipitation (Hong et al., 2004; Nguyen et al., 2018) by following the steps below: 
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a) Cloud slicing divides the imagery into different cloud patches using an additional
temperature threshold algorithm.
b) Feature extraction extracts regional and local features from cloud patches, including
geometry, coldness, and texture.
c) Cloud categorization comprises cloud patches divided into several well-arranged subgroups
from self-organizing feature maps (SOFMS) based on cloud patches.
d) Precipitation is mapped using the existing link between cloud top temperature and
precipitation from any categorized cloud type.
In step 4, the existing relationship between cloud top temperature and precipitation rate is found 
for all groups using the probability matching method (PMM) and an exponential curve 
arrangement. One of the basic features of this algorithm is its ability to capture moments of 
extreme precipitation with simplicity (Hong et al., 2004; Nguyen et al., 2018). 

2.1.2 GPM-IMERG Satellite Data 
GPM is one of the most used satellite image data to carry out research due to its high resolution 
in many parts of the world (Zhu et al., 2021; Marzuki et al., 2023; Batista et al., 2024; 
Shabankareh et al., 2024). The GPM data was downloaded on Geospatial Interactive Online 
Visualization and Analysis Infrastructure (GIOVANNI) (Anonymous, 2024d). This application 
allows you to visualize selected geophysical parameters. For this study, monthly GPM-IMERG 
precipitation data (GPM_3IMERGM, v07) for 2020 and 2021 were downloaded. Like many 
satellites image providers its data are available for downloading without paying money. The 
GPM is a much-used satellite product, created to unite and enhance precipitation data from 
operational and research microwave sensors in order to produce global precipitation data for 
future generations (Anonymous, 2024c). The principal objective of GPM mission is the launch 
of a GPM "Core" satellite by JAXA and NASA capable of carrying several advanced 
passive/active combined sensors, with the aim of setting new benchmarks for space-based 
precipitation measurements. Data from the combined passive/active sensors are also used to 
determine reasonable estimates of precipitation using a cluster of satellites provided by 
international partners (Anonymous, 2024e). This product estimates global surface precipitation 
rates at a high resolution of 0.1o every half-hour beginning 2000 (Anonymous, 2024f).  

2.1.3 Study area 

The study area focuses on the Republic of Haiti, a small island in the western part of Hispaniola, 
in the Greater Antilles archipelago (Figure 1). Haiti is a small island country (27750 sq. 
kilometres) located in the Caribbean, on the western one-third of the Island of Hispaniola 
(Wampler et al., 2011), between 18o – 20o north latitudes and 71o – 74o west longitudes. Most 
of the country has an altitude of over 200 m, covering around 75% of its surface area. The 
highest peak called “Pic de la selle” culminates at 2680 m above sea level. Sedimentary and 
metamorphic origins are the main characteristics over 80% of the soils (Gaucherel et al.,2017). 
A horseshoe is the most convenient way to describe Haiti's shape, as it contains latitudinal 
peninsulas to the south and north. Its rugged relief can give rise to a complicated pattern of 
mountain/land breezes among the eastern regions (Moron et al., 2014). Its topography also 
contributes to create its watershed system. Haiti has 30 watersheds and ten (10) departments. 
The largest watershed is the Artibonite basin with an area of 6336 sq. kilometres whereas the 
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Latortue Island with an area of 180 sq. kilometres is the smallest one (Anonymous, 2024g). The 
west department is the largest region of the country with an area of 4980.83 sq. kilometres.  

 
Figure 1. Geographical location of Haiti  
 

2.2 Methods 
2.2.1 Determination of Haiti’s Boundaries  
The Digital Elevation Model (DEM) of haiti has been collected from a national institution in 
Haiti called CNGIS (National Center for Geospatial Information). To delineate the watershed 
boundaries for the area of study, the logiciel acrgis 10.7.1 was used. This logiciel has filled the 
DEM pits, afterward the flow accumulation and the flow direction were determined, from that 
the drainage network was extracted.  Based on the DEM, several additional grids are create to 
describe the multiple hydrological characteristics of the landscape. With a GIS,  these 
“hydrologic grids” can lead to delineate the watershed boundaries by highlighting all the places 
in a DEM that are upstream of an outlet (Chinnayakanahalli et al., 2006). 

2.2.2 Satellite Data Acquisition and Mapping 
In this study, firstly, GPM-IMERG and PERSIANN-CCS satellite data were collected for 
monthly precipitation in 2020 and 2021. Those data were downloaded with TIF format for 
PERSIANN and NetCDF format for GPM. Afterwards transferred on ARCGIS for cutting and 
extending to Haiti’s shape. Then, monthly data were collected separately for 2020 and 2021 to 
compute the annual precipitation. Calculations were carried out for each pixel of GPM-IMERG 
and PERSIAN-CCS satellite images. The usability of monthly and annual satellite maps 
obtained in this Caribbean country was investigated. 
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3. RESULTS AND DISCUSSIONS
3.1 Digital Elevation Model Map
The DEM presenting the stream patterns for all basins in this study is shown in Figure 2. 
Accordingly, the largest river starts in the east and ends in the center of Haiti. It was observed 
that Haiti, the study area, has mainly high slopes. The lowest elevation is located in the eastern 
part while in the southwest and southeast part take place the highest elevation. This map shows 
the relation between elevation and river order. In most of Haiti, as the elevation increases, the 
stream order becomes smaller. In the north part stream order 3 and 4 are widely dominant 
counters the south part where stream order 1 and 2 are dominant. 

Figure 2. DEM map and stream order of Haiti

3.2 Precipitation Mapping 
The monthly precipitation maps for the study area in 2020, obtained from GPM-IMERG 
satellite images, are presented in Figure 3. Monthly precipitation maps show variations across 
different satellite image time periods. In 2020, according to GPM data, the lowest recorded 
precipitation is 5.21 mm, while the highest is 436.32 mm. February, March, and April 
experienced low rainfall, while May, June, July, and August received a high amount of 
precipitation. The monthly precipitation maps derived from GPM-IMERG satellite data for 
Haiti in 2021 are shown in Figure 4. For 2021, the GPM-IMERG rainfall image revealed that 
the lowest recorded precipitation over Haiti was 0.744 mm, while the highest was 390.96 mm. 
From November to February, the lowest amount of rainfall has been recorded, whereas the 
highest amount has been observed from March to August. For both years (2020, 2021), the 
highest rainfall values were localized around the Artibonite watershed, the east part of Haiti. 
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Figure 3. Precipitation maps obtained from GPM-IMERG satellite data for 2020 year in 
Haiti.

Figure 4. Precipitation maps obtained from GPM-IMERG satellite data for 2021 year in 
Haiti. 
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PERSIANN-CCS presents a different rainfall situation to that of the GPM-IMERG. The 
monthly precipitation maps obtained in 2020 for PERSIAN-CCS satellite data over study area 
are given in Figure 5. This image shows 0 mm as the lowest rainfall in Haiti and 581 mm as the 
highest amount. From December to April, the lowest amount of precipitation was recorded, 
while from May to September, higher rainfall was observed. Precipitation maps for Haiti 
obtained from 2021 monthly PERSIAN-CCS satellite data are highlighted in Figure 6.This 
image pointed out that the lowest amount of precipitation is 0 mm, while the highest value is 
870 mm. Through these maps it’s remarkable that from November to May, the lowest amount 
of precipitation was recorded, while the highest was from June to October.  
 
 

 
Figure 5. Precipitation maps obtained from PERSIAN-CCS satellite data for 2020 year in 
Haiti. 
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Figure 6. Precipitation maps obtained from PERSIANN-CCS satellite data for 2021 year in 
Haiti. 
Annual cumulative precipitation maps obtained from GPM-IMERG satellite data for 2020 and 
2021 years over Haiti are given in Figure 7.  The annual precipitation for GPM-IMERG in 2020 
and 2021 ranges from 698.72 mm to 2425.46 mm and from 515.02 mm to 2209.44 mm 
respectively. The lowest precipitation value was identified in the north-western part of Haiti 
known as Latortue Island, which is the country's smallest watershed. The highest rainfall value 
was observed in the western part of Haiti, on an island called Ile de La Gonave. The 
topographical, geographical and climatic conditions of the region may be some of the reasons 
for this situation. 

Figure 7. Annual Cumulative Precipitation maps obtained from GPM-IMERG satellite data 
for 2020 and 2021 years in Haiti. 
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Another result of the study is the annual cumulative precipitation maps for 2020 and 2021 years 
from PERSIANN-CCS satellite products (Figure 8). The annual cumulative maps obtained 
from PERSIANN-CCS in 2020 and 2021, it was noted that rainfall values ranged from 314 mm 
to 2265 mm in 2020, while in 2021, the lowest accumulated rainfall amount was 191 mm and 
the highest was 2230 mm. The lowest amount of rainfall in the study area was detected in the 
same location as indicated by GPM-IMERG, while the highest amount was observed in the 
center of Haiti, which contains the largest watershed. 

Figure 8. Annual Cumulative Precipitation maps obtained from PERSIANN-CCS satellite 
data for 2020 and 2021 years in Haiti. 

According to Pillo et al., (1900) Haiti has two main periods: The rainy period (April-October) 
and the dry period (November-March). The maps obtained for 2020 by using PERSIANN-CCS, 
clearly show that the dry season started in December and ended in April. The GPM-IMERG 
satellite data for 2020 can’t accurately determine the exact beginning and ending points of the 
dry season. Accordingly, PERSIANN-CCS data may be more successful than GPM-IMERG 
data in revealing the rainfall distribution during the dry season. Whereas the generated maps by 
PERSIANN-CCS for 2021, pointed out that starting and ending times for dry season are 
November and March, respectively. In 2021 trough GPM-IMERG, it has been observed that 
the dry season starts from November and continues until February. Thus, for 2021 both satellites 
have detected the two seasons, but GPM-IMERG showed the wet season more clearly than 
PERSIANN-CCS, and the latter showed the dry season better than GPM-IMERG.  
In a study conducted by Bathelemy et al. (2022) in the Greater Antilles and Lesser Antilles, the 
amount of precipitation collected in these regions was calculated. The average annual 
precipitation in the Greater Antilles, including Haiti, ranges from 839.5 to 2299.5 mm. Based 
on these values, as a result of this study, it is easier to understand the annual forecast values 
(GPM-IMERG and PERSIANN-CCS for 2020 and 2021, respectively 515.02-2425.46, 191-
2265 mm) obtained from GPM-IMERG and PERSIANN-CCS. In this case, it was found that 
the results of this study are generally in line with the literature. 

4. CONCLUSION

A precise and extensive data set of gauge rainfall is crucial for effective water resource 
management. However, the scarcity of gauge rainfall stations poses a significant challenge, as 
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some areas lack available rainfall data. Increasing the number of rain gauges to improve rainfall 
distribution is often impractical and economically unfeasible (Li et al., 2012). Without accurate 
rainfall data, it becomes difficult to understand the times of maximum flooding in a catchment, 
which can lead to inappropriate sizing of hydraulic infrastructure to withstand certain loads. 
Aware of this situation, researchers have opted to utilize interpolation methods. However, this 
approach becomes unreliable due to the sparse rain gauge network. In such situations, satellite-
derived precipitation estimates, with real-time availability and near-global coverage are able to 
provide a powerful alternative source of precipitation information for scarcely, weakly gauged 
basins as well as ungauged ones (Islam, 2018). In recent years the use of satellite-based 
precipitation estimates has surged in popularity, owing to their enhanced spatial resolution 
(0.25°) and temporal accuracy (≤3 h), extensive record spans (over 10 years), and accessibility 
to the public (Zulkafli et al., 2014; Cattani et al., 2016; Islam, 2018). 
In this study, two different satellite image data (GPM-IMERG and PERSIANN-CCS) were used 
to determine the distribution of precipitation over Haiti for the years 2020 and 2021. The 
satellite image data used to achieve this study were analysed both monthly and annually. The 
results of the study showed that precipitation data in both years (2020 and 2021) have different 
results on a monthly and annual basis. It can also be said that the center part of Haiti generally 
receives more rainfall in certain periods of time. This region is where Haiti's largest watershed 
is located. 
The two satellite image data used in this study differ in terms of spatial resolution. GPM-
IMERG and PERSIANN-CCS satellite images spatial resolutions are 0,1o x 0,1o (approximately 
10 km) and 0,04ox0,04o (approximately 4 km) respectively. Accordingly, maps with higher 
spatial resolution can be obtained from PERSIANN-CCS satellite products. Once these satellite 
data are verified and calibrated (with rain gauge data) they can be used as input in many studies. 
In addition, it can be said that precipitation data collected from satellite images is a good tool 
to solve spatial-temporal problems encountered in limited ground precipitation stations. 
The precipitation revealed by satellite products (GPM-IMERG and PERSIANN-CCS) could be 
considered as a valuable resource in hydrological studies over large basins and areas, in limited 
resolution conditions of satellite images. Moreover, studies have shown that an accurate and 
comprehensive precipitation data set is vital for disaster mitigation policies, early warning 
systems, and water resources management (Valipour, 2016; Islam, 2018; Canli et al., 2018). 
These precipitation data also have the potential to simulate runoff, which is one of the major 
problems in Haiti. Therefore, these satellite products can inform and highlight numerous future 
studies in this region. 
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BIOHERBICIDAL EFFECTS OF URTICA DIOICA L. (NETTLE) ETHANOL 
EXTRACT ON DIFFERENT WEED SEEDS 

ABSTRACT

Weeds are one of the main factors that cause important agricultural problems. In our study, 
the bioherbicidal effects of the ethanol extract obtained from the leaves of the Urtica dioica L. 
(Nettle) plant against the weed seeds and seedlings of Melilotus officinalis L. (Yellow sweet 
clover) and Rumex crispus L. (Curled dock) were investigated. In petri studies, 5, 10 and 15 
mg/petri of the extract was applied to weed seedlings at a concentration of 15 mg/pot in 
greenhouse studies. Germination was determined by placing the Petri dishes in the incubator 
and monitoring them for 7- with 16 hours of light and 8 hours of darkness, 
and the root and shoot lengths of the seeds were measured in mm. In potting work; 50 weed 
seeds were planted homogeneously in each pot. The seeds were covered with 1 cm thick soil 
and tested in a greenhouse environment. When the sown weed seeds had 3-4 leaves, the 
number of seedlings in the pots was equalized to 30 and applications were made. Two-way 
analysis of variance (ANOVA) was applied to the results, and the differences between the 
means were grouped ac
Duncan multiple comparison test. The extract showed the highest seed germination of 58.6% 
and 90.4%; root growth 33.3 and 99.1%; shoot growth 83.9 and 99.3% inhibited in M. 
officinalis and R. crispus seeds, respectively. In greenhouse trials observed at rates of 43.3 
and 34.4% in M. officinalis seedlings and 47.7 and 35.5% R. crispus seedling death rates were 
at the end of 24 and 48 hours, respectively. In The highest dose of nettle extract (15 mg) was 
found effective in both the petri dish and the greenhouse trial. In this study, it was determined 
that the ethanol extract obtained from the U. dioica plant inhibited the germination, root and 
shoot development of weed seeds, increased seedling mortality, and the inhibition rate 
increased due to the increase in concentration. According to these results, it can be said that 
Urtica dioica plant has allelopathic potential.

Key Words: Bioherbicidal effect; Germination; Extract; Nettle; Weed 
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ABSTRACT 
Weeds are one of the main factors that cause important agricultural problems. In our study, the 
bioherbicidal effects of the ethanol extract obtained from the leaves of the Urtica dioica L. 
(Nettle) plant against the weed seeds and seedlings of Melilotus officinalis L. (Yellow sweet 
clover) and Rumex crispus L. (Curled dock) were investigated. In petri studies, 5, 10 and 15 
mg/petri of the extract was applied to weed seedlings at a concentration of 15 mg/pot in 
greenhouse studies. Germination was determined by placing the Petri dishes in the incubator 
and monitoring them for 7-14 days at 23±2°C with 16 hours of light and 8 hours of darkness, 
and the root and shoot lengths of the seeds were measured in mm. In potting work; 50 weed 
seeds were planted homogeneously in each pot. The seeds were covered with 1 cm thick soil 
and tested in a greenhouse environment. When the sown weed seeds had 3-4 leaves, the number 
of seedlings in the pots was equalized to 30 and applications were made. Two-way analysis of 
variance (ANOVA) was applied to the results, and the differences between the means were 
grouped according to the P≤0.05 significance level by subjecting them to the Duncan multiple 
comparison test. The extract showed the highest seed germination of 58.6% and 90.4%; root 
growth 33.3 and 99.1%; shoot growth 83.9 and 99.3% inhibited in M. officinalis and R. crispus 
seeds, respectively. In greenhouse trials observed at rates of 43.3 and 34.4% in M. officinalis 
seedlings and 47.7 and 35.5% R. crispus seedling death rates were at the end of 24 and 48 hours, 
respectively. In The highest dose of nettle extract (15 mg) was found effective in both the petri 
dish and the greenhouse trial. In this study, it was determined that the ethanol extract obtained 
from the U. dioica plant inhibited the germination, root and shoot development of weed seeds, 
increased seedling mortality, and the inhibition rate increased due to the increase in 
concentration. According to these results, it can be said that Urtica dioica plant has allelopathic 
potential. 
Key Words: Bioherbicidal effect; Germination; Extract; Nettle; Weed 

 
ÖZET 
Yabancı otlar önemli tarım sorunlarına neden olan ana etmenlerden biridir. Bu çalışmadada; 
Urtica dioica L. (Isırgan) bitkisinin yapraklarından elde edilen etanol ekstraktının Melilotus 
officinalis L. (Sarı taş yoncası) ve Rumex crispus L. (Kıvırcık lapada) yabancı ot tohumları ve 
fidelerine karşı biyoherbisidal etkileri araştırılmıştır. Petri çalışmalarında ekstraktın 5, 10 ve 15 
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mg petri-1 ve sera çalışmalarında ise 15 mg/saksı’lık konsantrasyonu yabancı ot fidelerine 
uygulanmıştır. Petri kapları inkübatöre alınarak 23±2°C’de 16 saat ışık, 8 saat karanlık olacak 
şekilde 7-14 gün boyunca takip edilerek çimlenmeler tespit edilmiş, tohumların kök ve sürgün 
boyları mm cinsinden ölçülmüştür. Saksı çalışmasında ise; her bir saksıya 50 yabancı ot tohumu 
homojen bir şekilde ekilmiştir. Tohumların üzeri 1 cm kalınlıktaki toprak ile kapatılarak sera 
ortamında denemeye alınmıştır. Ekilen yabancı ot tohumları 3-4 yapraklı olduğu döneme 
gelince saksılardaki fide sayıları 30 adet olacak şekilde eşitlenmiş ve uygulamalar yapılmıştır. 
Sonuçlara, çift yönlü varyans analizi (ANOVA) uygulanmış ve ortalamalar arasındaki 
farklılıklar Duncan çoklu karşılaştırma testine tabi tutularak P≤0.05 önem derecesine göre 
gruplandırılmıştır. Ekstrakt M. officinalis ve R. crispus tohumlarında sırasıyla en yüksek tohum 
çimlenmesini %58.6 ve 90.4; kök büyümesini %33.3 ve 99.1; sürgün büyümesini ise %83.9 ve 
99.3 oranlarında engellemiştir. Sera denemelerinde 24 ve 48. saat sonunda sırasıyla M. 
officinalis fidelerinde %43.3 ve 34.4; R. crispus’ta ise %47.7 ve 35.5 oranlarında fide ölümü 
görülmüştür. Isırgan ekstraktının en yüksek dozu (15 mg) hem petri denemesinde hem de sera 
denemesinde etkili bulunmuştur. Bu çalışmada, U. dioica bitkisinden elde edilen etanol 
ekstraktının yabancı ot tohumlarının çimlenme, kök ve sürgün gelişimini engellediği fide 
ölümlerini artırdığı ve konsantrasyon artışına bağlı olarak inhibisyon oranınında arttığı 
saptanmıştır. Bu sonuçlara göre Urtica dioica bitkisinin allelopatik potansiyele sahip olduğu 
söylenebilir. 
Anahtar Kelimeler: Biyoherbisidal etki; Çimlenme; Ekstrakt; Isırgan; Yabancı ot  
 
 

GİRİŞ  
Ülkemiz bulunduğu coğrafik konumuna bağlı olarak dört mevsimin belirgin olarak yaşanması 
birçok ürün yetiştirilmesine olanak sağlamaktadır. Tarımın başlıca amacı doğaya zarar 
vermeden, birim alandan olabildiğince fazla miktarda ve yüksek kalitede ürün elde etmektir. 
Bu amacı sınırlayan en önemli etmenlerden biri de yabancı otlardır (Topal,  2011). Tarım 
alanları içinde ya da dışında bulunmasını istemediğimiz faydasından çok zararı olan bütün 
bitkilere “yabancı ot” adı verilir (Çamurköylü ve Demirkan, 1993). Eğer yabancı otlara karşı  
gerekli önlemler alınmazsa %100’e varan bir  kayıp meydana gelebilir (Derke ve ark., 1994). 
Dünyada 7000 yabancı ot türü olduğu tahmin edilmekte ve bunların 200–300 kadarının tarımsal 
üretimi olumsuz yönde etkilediği belirtilmektedir (Patterson 1985). Yabancı otlar kültür 
bitkileri ile kuvvetli bir şekilde rekabete    girerek onların; su ve besinlerine ortak olmakta, 
ışığını engellemekte ve çıkardıkları  salgılarla  kültür bitkilerinin gelişmesini önlemekte (Uygur 
ve ark., 1984). Kültür bitkileri içerisinde bulunan yabancı otlar bulunma yoğunluğuna ve otun 
türüne bağlı olarak %31 oranında ürün kaybına sebep olmaktadır (Oerke ve ark., 2012). 
Yabancı otlar ile mücadele yöntemlerinden kimyasal mücadelenin yanı sıra fiziksel mücadele, 
kültürel mücadele, mekanik mücadele ve son yıllarda popüler olan biyolojik mücadele 
yöntemleri de kullanılmaktadır.  Fakat günümüzde tarım alanlarında, yabancı otları kontrol 
etmek amacıyla; iş gücü ve maliyetlerin artmasından dolayı, hızlı sonuç vermesi, kolay 
uygulanabilmesi ve düşük maliyetinden dolayı kimyasal mücadele yöntemleri tercih 
edilmektedir (Kitiş, 2011; Hussain ve ark. 2014). Yabancı otları kontrol etmek amacıyla, 
1900’lü yıllarda bazı kimyasal maddeler denenmiştir. İlk olarak Fransa’da dinitrofenoller ve 
kresoller kullanılmıştır. Yine, bitkileri öldürmek için sodyum klorür, demir sülfat, bakır sülfat, 
sodyum klorat, sülfürik asit, kalsiyum siyanamid, arsenikli bileşikler ve boratlar kullanılmıştır 
(Robbins ve ark., 1952). Herbisitlerin dünyada fazla kullanılmasından  dolayı hem biyolojik 
çeşitlilikte hemde çevre üzerinde olumsuz etkisi bakımından dolayı en riskli kimysallar 
arasında yer almaktadır ( Başaran ve Serim., 2010; Mahmod ve ark., 2015). Yabancı ot 
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mücadelesinde yoğun ve bilinçsiz bir şekilde kullanılan herbisitler yer üstü ve yer altı su 
kirliliğine, tarım ürünlerinde kalıntılara ve herbisitlere karşı dayanıklı yabancı otların 
oluşmasından dolayı zamanla artan çevre bilinci ve sentetik herbisitlerin insan sağlığına 
olumsuz etkilerinden dolayı araştırmacılar  ekosisteme zarar vermeyen ve daha çabuk 
parçalanabilen kalıntı bırakmayan alternatif mücadele yöntemleri geliştirmeye ve sentetik 
herbisitlerin yerine doğal bileşiklerin kullanılması arayışına girmişlerdir (Dudai ve ark., 1993;  
Duke ve ark., 2000; Gliessman, 2002; Salamcı ve ark., 2007). Bu alternatif mücadele 
yöntemlerinin biri de allelopatidir (Kılınç ve Karaca, 2023). 1970’li yıllarda  allelopati ile ilgili 
çalışmalar Avusturyalı bilim adamı tarafından yapılmış olsada dünyada  allelopati çalışmaları 
1980’ den sonra başlamıştır (Willis, 2007). Bir bitkinin sentezlediği kimyasallar başka bitkilerin 
büyüme ve gelişiminin doğrudan veya dolaylı olarak olumlu veya olumsuz etkilemesi allelopati 
olarak tanımlanmaktadır (Rice, 1985). Allelokimyasallar bitkinin kendi hücrelerinde 
sentezlenir. Allelopatik  potansiyele sahip kimyasallar; bitkinin kök, yaprak, gövde, çiçek, 
tohum gibi tüm bitki aksamında bulunabilirler (Batish ve ark., 2001; Singh ve ark., 2003; Duke, 
2010).  Allelokimyasalların toprağa ve atmosfere salınımları buharlaşma, toprak üstü 
organlardan yıkanma, kök salgıları ve bitki dokularının ayrışmasıyla olmaktadır (Weston, 
1996). Allelokimyasallar, fungisit, insektisit, herbisit olarak kullanılabilmektedir. Herbisit etkili 
olan allelokimyasallara biyoherbisit adı verilmektedir. Allelokimyasalların bitkiler üzerinde 
fizyolojik belirtileri; tohumların kararması, kök veya kökçüklerin azalması, kök uçlarında 
nekroz veya şişme, kök ekseninin kıvrılması, renk değişikliği, kuru ağırlıkta azalma, üreme 
kapasitesinde azalma vb. olarak görülmektedir  (Bhadoria, 2011). Yabancı otlarla mücadelede 
allelopati; doğal malç, örtücü bitki, ekim nöbeti bitkisi, karışık ekim, yeşil gübre, allelopatik 
bitkilerden elde edilen ekstraktlar ve biyoherbisitlerin kullanımı şeklinde olmaktadır (Kalinova, 
2010). Günümüzde insanlarda sağlık ve çevre bilincinin gelişmesiyle birlikte  tarımda yabancı 
otlarla mücadelede kullanılan tarım ilaçları kullanmama veya sentetik herbisitlere alternatif 
olacak biyoherbisit kullanma yönünde bir eğilim vardır (Arıkan ve ark., 2015; Özen ve ark., 
2017). 
Isırgan otu (Urtica dioica) ısırgangiller  (Urticaceae)  familyasında yer alan, çok yıllık otsu bir 
bitkidir. Cinsin en bilinen üyeleri, U. dioica L. ve U. urens L.’dir (Jiarui vd., 2003). Isırgan 
ülkemizde ormanlık alanlarda, nehir ve yol kenarlarında, kendiliğinden yetişen bir bitkidir 
ısırgan otu yaz aylarında çiçek açar. Çiçekleri dönemsel olarak yeşil, kırmızı ve kahverengi 
şeklinde renk değiştirir (Davis, 1988). Anadolu’da çeşitli yöresel isimleriyle bilinen ısırgan; 
dızlağan, çızlağan, cızgan, dalagan, cınçar, , ısırgı olarak adlandırılır (Baytop, 1999). Isırgan 
otunun yakıcı özelliği sebebiyle,  Latince’de “yanmak” manasına gelen “urere” sözcüğünden 
türetilmiştir. dioica tür adı ise, dişi veya erkek çiçeklerin ayrı bireylerde bulunmasıdır (Mueen 
ve Subramani, 2014). Isırgan otu (Urtica dioica L.);içerisinde barındırdığı esansiyel yağlar, 
fenolik bileşikler, flavonoidler hem gıda hemde halk hekimliğinde çeşitli hastalıkların 
tedavisinde kullanılmaktadır (Jan ve ark., 2016). Ayrıca yaprakları haşlanarak çorba, salata ve 
sebze yemeği olarak tüketilebilir (Adhikari ve ark., 2016). 
Bu çalışmada, Urtica dioica L. (Isırgan otu) etanol ekstraktının kültür ve tarım alanlarında 
sorun olan Melilotus officinalis L. (Sarı taş yoncası) ve Rumex crispus L. (Kıvırcık  lapada) 
yabancı otları üzerinde in vitro (Petri denemeleri) ve in vivo (Saksı–Sera denemeleri) koşullarda 
biyoherbisidal etkisi araştırılmıştır. 
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      MATERYAL VE YÖNTEM 
      Bitki Materyali 
     Tohum Materyali 
Iğdır ili çeşitli alanların tarla ve yol kenarlarından Melilotus officinalis L. (Sarı taş yoncası) ve 
Rumex crispus L. (Kıvırcık lapada) tohumları olgunlaşma dönemlerinde 2023 yılı Temmuz-
Eylül aylarında toplanmıştır. Elde edilen tohumların dormansilerinin kırılması için çalışmada 
kullanılıncaya kadar +4 °C’ de buzdolabında muhafaza edilmiştir. 
 

      Bitkiden Etanol Ekstraktının Elde Edilmesi 
Ekstraktın elde edilmesinde bitki örneğinden hassas terazide 100 gr tartılıp üzerine 400 ml 
ethanol ilave edilmiştir. Oda sıcaklığında orbital çalkalayıcıda 48 saat boyunca 200 devir 
(rpm)’de bekletilmiştir. Elde edilen karışım 4 katlı steril tülbent bezinden geçirilmiş sonra 
Wattman No: l filtre kâğıdı ile 400 ml’lik erlene süzülmüştür. Süzülen çözeltideki çözücü rotary 
evaparatörde 140 rpm devir ve 40 oC sıcaklıkta uçurulmuştur. Elde edilen ekstrakt in vitro (Petri 
denemeleri) ve in vivo (Sera denemeleri) çalışmalarında kullanılıncaya kadar buzdolabında 
muhafaza edilmiştir. Ekstrakt uygulama dozları ise 5, 10 ve 15 mg petri-1 olarak belirlenmiştir. 
 

         Etanol Ekstraktının Laboratuvar Koşullarında Biyoherbisidal Etkinliğinin 
Belirlenmesi 
Petri ve saksı çalışmalarında kullanılacak olan yabancı ot tohumları suda yüzdürme yöntemi ile 
ayıklanmış, görünümü iyi ve dolgun tohumlar denemeye alınmıştır. Ayıklanan tohumların steril 
olarak kullanılabilmesi için % 1’lik sodyum hipoklorit (çamaşır suyu)’te 5 dakika bekletilip 5-
6 kez saf su ile yıkanmış ve denemede kullanılmaya hazır hale getirilmiştir. Steril, 9*12 cm 
çaplı ve tek kullanımlık plastik petri kaplarının içine, önceden etüvde steril edilmiş kurutma 
kağıtları, 2 kat olacak şekilde konulmuştur. Steril edilen tohumlardan 50’şer adet her bir petri 
kabının içerisine yerleştirilmiştir. Petri kaplarına ekstraktın 5, 10 ve 15 mg petri-1 dozları her 
bir petri kabına 10’ar ml olacak şekilde uygulanmıştır. Petrilerin etrafı parafilmle kaplanmıştır. 
Pozitif kontrol olarak Raundop Star (441 g/l Glyphosate Potasyum Tuzu 300 ml/da) herbisiti, 
negatif kontrol için ise etanol + steril saf su kullanılmıştır. Petri kapları inkübatöre alınarak 
23±2°C’de 16 saat ışık, 8 saat karanlık olacak şekilde 7-14 gün boyunca takip edilerek 
çimlenmeler tespit edilmiş, tohumların kök ve sürgün boyları mm cinsinden ölçülmüştür. 
Çimlendirme çalışmaları 3 tekerrürlü ve 2 tekrarlamalı olarak yürütülmüştür. Tohumların 
çimlenme yüzdeleri ve çimlenme engelleme oranları aşağıda verilen formüle göre 
hesaplanmıştır. 

        % Çimlenme =  (Çimlenen Tohum Sayısı)/(Toplam Tohum Sayısı) X 100 

  

% Çimlenme Engelleme Oranı=  (K-E)/K X 100  
K: Negatif Kontrolde Çimlenme (Adet) 
E: Ekstrakt Uygulanmış Petride Çimlenme (Adet) 
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         Etanol Ekstraktının Sera Koşullarında Biyoherbisidal Etkinliğinin Belirlenmesi 
Saksı denemelerinde ekstraktın 15 mg saksı-1’lık konsantrasyonu kullanılarak yabancı ot 
fideleri üzerindeki allelopatik etkilerine bakılmıştır. Etüvde 121o C sıcaklıkta 2-3 saat steril 
edilen toprak kullanılmıştır. Çalışmada 10 cm çapında ve 10 cm derinlikteki plastik saksılara, 
%50’ si steril toprak, %30’ u torf ve %20’ si perlit olacak şekilde toplamda her bir saksıya 
200’er gram karışım konulmuştur. Dezenfekte edilen yabancı ot tohumları her bir saksıya 50 
tohum olmak kaydıyla homojen bir şekilde ekilmiştir. Tohumların üzeri 1 cm kalınlıktaki 
toprak ile kapatılarak sera ortamında denemeye alınmıştır. Ekilen yabancı ot tohumları 3-4 
yapraklı olduğu döneme gelince saksılardaki fide sayıları 40 adet olacak şekilde eşitlenmiştir. 
Etanol+ Steril saf su çözeltisinde seyreltilen ekstraktın 15 mg/saksı konsantrasyonu her saksıya 
eşit oranda sıvı püskürtme aparatıyla püskürtülmüştür Takip eden 24 ve 48 saat sonunda, 
uygulama sonrası ölen bitkiler sayılarak kaydedilmiştir. Pozitif kontrolde ticari preparat 
Lifeline (160 g/l Glufosinate-ammonium + 202 g/l Glyphosate IPA tuzu), negatif kontrol için 
ethanol +  steril saf su kullanılmıştır. Saksı çalışmaları 3 tekerrürlü olarak kurulmuştur. 

       İstatistiksel Analizler 
Çalışma sonuçları SPSS (Statistical Package for Social Sciences 20.0) yazılım paketi 
kullanılarak değerlendirilmiştir. Çift yönlü varyans analizi (ANOVA) uygulanmış ve 
ortalamalar arasındaki farklılıklar Duncan çoklu karşılaştırma testine tabi tutularak P≤0.05 
önem derecesine göre gruplandırılmıştır (Anonim, 2009). 

BULGULAR VE TARTIŞMA 
Urtica dioica L. (Isırgan) yapraklarından elde edilen etanol ekstraktının 5, 10 ve 15 mg petri-

1’lik konsantrasyonları Melilotus officinalis L. (Sarı taş yoncası) ve Rumex crispus L. (Kıvırcık 
lapada) tohumlarının çimlenmesi, kök ve sürgün büyümesindeki etkisi incelenmiştir. Sera 
ortamında ise 15 mg saksı-1’lık konsantrasyonunun fide gelişimi üzerindeki biyoherbisidal 
etkisi araştırılmıştır (Çizelge.1 ve 2). 
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Çizelge 1. Urtica dioica L. (Isırgan) bitkisinin etanol ekstraktının M. officinalis ve R. crispus 
tohumlarında çimlenme, kök ve sürgün gelişimi üzerine herbisidal etkileri 

Melilotus officinalis L. 

Ekstrakt 
 
K 
 

Çimlenme 
(%) 

Çimlenm
e 
Engellem
e 
(%) 

Kök 
Büyümesi 
(mm) 

Kök 
Büyümesi 
Engelleme 
(%) 

Sürgün 
Büyümesi (mm) 

Sürgün 
Büyümesi 
Engelleme (%) 

Urtica dioica 

(Isırgan otu) 
5 58.6 ± 3.93 b 24.1 26.3 ± 1.49 a -150 7.8 ± 0.44 b 59.5 
10 56.0 ± 2.83 c  27.5 8.3 ± 0.53 bc 20.9 3.2 ± 0.25 c 83.4 

 15 32.0 ± 4.33 e 58.6 7.0 ± 0.67 c 33.3 3.1 ± 0.32 c 83.9 
 
 
P. Kontrol 10 44.6 ± 1.96 d 42.3 1.3 ± 0.12 d 87.6 3.2 ± 0.24 c 83.4 

 
N. Kontrol    - 77.3 ± 4.54 a - 10.5±0.44 b                   - 19.3 ± 0.87 a - 

Rumex crispus L. 
Urtica dioica 

(Isırgan otu) 
5 29.3 ± 3.82 b 57.9 5.9 ± 0.67 b 74.1 1.8 ± 0.25 b 89.0 
10 16.0 ± 0.94 c 77.0 2.8 ± 0.41 c 87.7 1.2 ± 0.20 bc 92.6 

 15 6.66 ± 0.54 e 90.4 0.2 ± 0.07 d 99.1 0.1 ± 0.04 c 99.3 
 

   P. Kontrol 10 14.0 ± 0.94 d 79.8 1.2 ± 0.19 cd 94.7 0.7 ± 0.12 bc 95.7 
 
N.  Kontrol    

-    69.6 ± 1.52 a - 22.8 ± 0.99 a - 16.4 ± 0.74 a - 

* Ortalama±SE Her sütunda farklı harfler içeren ortalamalar arasındaki farklar istatistiksel 
olarak anlamlıdır. (P≤0.05). K: Konsantrasyon 
 
Çizelge 1’den görülebileceği gibi U. dioica etanol ekstraktı yabancı ot tohumlarının 
çimlenmelerini farklı oranlarda etkilemiştir. Uygulamaların tamamında ekstraktın 
konsantrasyonu arttıkça M. officinalis ve R. crispus tohumlarının çimlenme yüzdeleri 
(adet/petri) azalmış ve dozlar arasında istatistiki farklılıklar oluşmuştur. Farklı dozlardaki 
ekstraktla yapılan uygulamalara ait çimlenme oranları incelendiğinde; M. officinalis tohumunda 
negatif kontrolde çimlenme 77.3 mm’dir. U. dioica ekstraktında en yüksek çimlenme miktarı 5 
mg petri-1 konsantrasyon uygulaması ile 58.6 mm, en düşük çimlenme miktarı ise 15 mg petri-
1 konsantrasyon 32.0 mm uygulamasıyla elde edilmiştir. Bu engelleyici etki kök büyümesinde 
(7.0-26.3 mm) ve sürgün büyümesinde ise (3.1-7.8 mm) olarak ölçülmüştür. Çimlenme 
engelleme oranlarının (%24.1-58.6) arasında; kök büyümesi engelleme (%-150-33.3) ve sürgün 
büyümesi (%59.5-83.9) değiştiği belirlenmiştir. Ticari kimyasal olarak kullanılan pozitif 
kontrol Raundop Star (441 g/l Glyphosate Potasyum Tuzu 300 ml/da) herbisitinde çimlenme, 
kök ve sürgün engelleme oranlarının sırasıyla %42.3, %87.6 ve %83.4 olduğu görülmüştür. 
R.crispus tohumunda ise; negatif kontrolde çimlenmenin 69.6 mm olduğu görülmektedir. 
Ekstraktın konsantrasyon artışına paralel olarak çimlenme (6.66-29.3 mm) arasında 
değişmektedir. Pozitif kontrolde ise çimlenme 14.0 mm’dir. Çizelge 1’e bakıldığında; 
ekstraktın 15 mg petri-1’lik konsantrasyonunun ticari preparat Raundop Star (441 g/l 
Glyphosate Potasyum Tuzu 300 ml/da) ile yakın değer gösterdiği söylenebilir. Çimlenme 
engellemenin (%57.9-90.4) arasında değiştiği, kök engellemenin (%74.1-99.1) ve sürgün 
engellemenin (%89.0-99.3) olduğu görülmektedir. Özellikle pozitif kontrolle kıyaslandığında 
her iki yabancı ot tohumunda en yüksek konsantrasyonun (15 mg petri-1) %58.6-90.4 oranında 
engelleme gösterdiği, ekstraktın kimyasala karşı alternatif olarak kullanılma potansiyeline 
sahip olduğunu düşündürmektedir. 
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Ülkemizde allelopati konusunda yapılan çalışmada; 4 farklı yabancı ot türüne ait tohumların 
çimlenmesi üzerinde 3 bitki ekstraktın biyoherbisidal etkisi araştırılmış ve bu ekstraktların 4 
yabancı ottan biri olan Rumex crispus L. tohumlarının çimlenme ve fide gelişimlerinin 
engellediği saptanmıştır (Aydın, 2009). Benzer şekilde, 5 farklı yabancı ot türüne dağ kekiği 
(Origanum syriacum) ve mercanköşk (O.majorana) bitkilerinden elde edilen ekstraktın etkisi 
incelenmiş ve 4 yabancı ot tohumunun çimlenmesini engellediğini belirlenmiştir (Efil ve 
Üremiş, 2019). Aynı şekilde Rumex crispus tohumunun da içerisinde bulunduğu 4 farklı 
yabancı ot türüne O.onites bitki ekstraktının herbisidal etkisi incelenmiş ve 4 yabancı ot 
tohumunun çimlenme ve gelişiminin azaldığı gözlemlenmiştir (Kordali ve ark., 2022). Ay 
(2023), Kişniş (Coriandrum sativum L.) bitkisinden elde edilen ekstraktın, doz artışına bağlı 
olarak 6 farklı yabancı ot tohumu üzerinde çimlenmeyi  %100 oranında azalttığını belirtmiştir. 
Yapılan çalışmalara bakıldığında bitki ekstraktlarının konsantrasyonlarının artmasıyla 
biyoherbisidal etkilerinin arttığı ve yapılan çalışmaların birbirini tamamladığı görülmektedir. 

Çizelge 2. Urtica dioica L. (Isırgan) bitkisinin etanol ekstraktının M. officinalis ve R. crispus  
fidelerine karşı fitotoksik etkisi 

Ortalama±SE Her sütunda farklı harfler içeren ortalamalar arasındaki farklar istatistiksel olarak 
anlamlıdır. (P≤0.05). 
Saksı fide denemelerinde U. dioica etanol ekstraktının M. officinalis ve R. crispus fidelerinde 
24.saatte %43.3 ve %47.7; 48. saatte ise sırasıyla %34.4 ve %35.5 oranında fide ölümlerine
sebep olduğu görülmüştür. Negatif kontrollerde fide ölümü görülmezken, pozitif kontrol ticari
preparat (Lifeline 160 g/l Glufosinate-ammonium + 202 g/l Glyphosate) M. officinalis ve R.
crispus’ ta 24. saatte %86.6 ve %95.5; 48.saatte ise %13.3 ve % 4.44 oranlarında fide ölümü
gerçekleşmiştir. Ekstrakt ve pozitif kontrol gruplarına bakıldığında fide ölümlerinin ilk
24.saatte daha hızlı gerçekleştiği 48. Saatte bu oranın düştüğü söylenebilir (Çizelge 2).Yabancı
ot tohumları ile yapılan bir laboratuvar çalışmasında; M. spicata, L. nobilis F. vulgare, T.
praecox S. montana O. onites C. sativum bitkilerinden elde edilen ekstreler R. crispus, S.
glauca, A. theoprastii T.officinale, A. retroflexus, D.corata, T. arvense, P. annua, C. albüm ve
A. sterilis yabancı ot tohumlarına uygulanmıştır. Uygulamalarda doz artışına bağlı olarak
çimlenmenin azaldığı görülmüştür (Yıldırım, 2007). Aynı şekilde Echinophora tenuifolia ve
Brassica elongata bitkilerinden elde edilen ekstrelerin kültür alanlarında sorun olan S.
cereale, A. retroflexus, A. cylindrica, S. arvensis, A. fatua yabancı ot tohum ve fidelerine
biyoherbisidal etkileri denenmiş, uygulamada doz arttıkça tohum çimlenmesi ve fide
gelişiminin azaldığı gözlemlenmiştir (Eren,2020). Benzer bir çalışmada, Datura stramonium

Fitotoksik Etki (% Ölüm Oranları) 
24. saat 48. saat

Melilotus officinalis L. 
Ekstrakt 
Urtica dioica 43.3 ± 1.90 b 34.4 ± 1.1 a 
Kontroller 
P. Kontrol 86.6 ± 1.93 a 13.3 ± 1.90 b 
N. Kontrol 0.0±0.0 c 0.0±0.0 c 

Rumex crispus 

Ekstrakt

Urtica dioica 47.7 ± 2.23 b 35.5 ± 3.99 a 
Kontroller 
P. Kontrol 95.5 ± 2.93 a 4.44 ± 2.93 b 
N. Kontrol 0.0±0.0 c 0.0±0.0 c 
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bitkisinden elde edilen ekstratın C. album ve A. retroflexus yabancı ot tohumlarının 
çimlenmesini %100 inhibe etmiştir. (Turan, 2021). Literatürde farklı bitki grupları çalışılmasına 
rağmen, genel olarak ekstrakların çimlenme ve fide büyümesi üzerinde engelleyici etkilerinin 
olduğu söylenebilir ve çalışmamızda yapılan bazı çalışmalardan elde edilen sonuçlarla 
paralellik göstermektedir. 

SONUÇ 
Araştırma sonuçlarına göre; Urtica dioica L. (Isırgan) etanol ekstraktının ülkemizde kültür 
alanlarında ciddi problemlere neden olan Melilotus officinalis L. (Sarı taş yoncası) ve Rumex 
crispus L. (Kıvırcık lapada) yabancı otlarının, tohum çimlenmesi ve fide gelişimine 
biyoherbisidal etkinlikleri test edilmiştir. Kullanılan etanol ekstraktının, kullanılma 
konsantrasyonlarına ve uygulandıkları test bitkilerine göre biyoherbisidal etkilerininde farklılık 
gösterdiği gözlenmiştir. Petri çalışmalarında yabancı ot tohumlarına uygulanan ekstraktın 
özellikle 15 mg petri-1’lik konsantrasyonun çimlenme, kök ve sürgün gelişim bakımından 
istatistikî olarak önemli ölçüde etkili sonuçlar verdiği belirlenmiştir. Saksı denemelerinde ise, 
en iyi sonuçlar ilk 24. saatte elde edilmiştir. Yapılan bu çalışmada; U. dioica etanol ekstraktının 
söz konusu yabancı otlara karşı kullanılabilecek alternatif bir biyoherbisit  potansiyelinin var 
olabileceği tespit edilmiştir. Ayrıca elde edilen bu verilerin zirai mücadelede yapılacak daha 
sonraki çalışmalara yol göstereceği ve literatüre katkı sağlayacağı söylenebilir. 
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ABSTRACT 

The Hessian fly, Mayetiola destructor (Say) (Diptera: Cecidomyiidae), is one of the major 
pests causing significant yield losses in barley in Northern Cyprus. This study aimed to 
determine genotype preferences of the Hessian fly in different barley genotypes and two 
different locations (Türkmenköy and Güzelyurt). A total of 29 spring barley genotypes were 
used in the experiment, which were planted as factorial in randomized complete block trial 
design with three replications in plots sized 5x1.2 m each, using a drill. In each replication, 
Numbers of Hessian fly eggs, larvae, and pupae were separately recorded on 25 plants at the 
tillering and heading stages. To evaluate the results of the study, a scale ranging from 0 to 3 
was established based on the preferences of the Hessian fly: not preferred (0), less preferred 
(1) (0,01-0,5), preferred (2) (0,51-1,0), and highly preferred (3) (>1,1). According to the
results obtained, significant differences (P ≤ 0.01) were detected in terms of genotype,
location, and genotype x location interaction at the 1% level. Among the genotypes, Baf
(0,50), Beşparmak (0,48), Raufbey (0,48), Sancak (0,50), Lysi (0,38), Girit (0,38), Karpaz
(0,38), Bayrak (0,35), Güzelyurt (0,30), Magusa (0,30), LT3 (0,28) and Erenköy (0,28)  were
classified in the 1st scale (0,01-0,50 Hessian fly-plant). Fifteen genotypes were in the 2nd scale
(0,51-1,0 Hessian fly-plant), while Hilal (1,08) and Gaziköy (1,05) genotypes were placed in
the 3rd scale, indicating that M. destructor preferred these genotypes the most. No genotype
was included in the "0" scale, meaning that no genotype was found to be unpreferred. Insect
populations differed between locations, with an average of 0.94 Hessian fly-plant in
Türkmenköy and 0.22 Hessian fly-plant in Güzelyurt. Based on these results, advantages will be
gained in combating Hessian fly by promoting and evaluating less preferred
cultivars/genotypes in breeding programs. Consequently, reducing insecticide usage while
increasing yield and quality will be achieved.
Keywords: Hessian fly; Genotype; Preference; Location 
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INTRODUCTION  

Regions with high relative humidity, temperatures not dropping below 0°C, and not exceeding 
18–20°C, with relative humidity between 70–80%, are highly suitable for barley (Hordeum 
vulgare L.) cultivation. Barley grains are important for animal nutrition due to their 
composition, containing approximately 67% carbohydrates, 10% protein, 2% fat, 5% 
cellulose, and minerals such as calcium, phosphorus, potassium, as well as vitamins A, E, and 
B (Alkan & Kandemir, 2015).  

In Northern Cyprus, out of a total area of 329,890 hectares, 187,068 hectares are agricultural 
land. Within the agricultural land, cereal production is carried out on 84,163 hectares, of 
which barley constitutes 92.7%. Barley is cultivated on 80,400 hectares, while wheat is grown 
on 5,750 hectares. Approximately 73,500 hectares produce grain and 6,690 hectares produce 
straw (TMO, 2019). The production of grain amounts to approximately 102,000 tons. While 
the world's barley yield is 3,100 kg/ha, Northern Cyprus achieves a yield of 1,347 kg per 
hectare. This indicates that approximately half (43.5%) of the world's yield per hectare is 
obtained in Northern Cyprus. Approximately 100,000 tons of barley for feed and seed need to 
be imported annually into Northern Cyprus. In addition to being grown under dry conditions, 
factors such as the use of high-quality seeds, diseases, pests, as well as genetic and 
environmental factors significantly affect the composition of barley grains (Guo et al., 2003). 
Studies conducted in barley fields in Northern Cyprus between 2012-2016 have reported that 
the Hessian fly, Mayetiola destructor (Say) (Diptera: Cecidomyiidae), is the most important 
pest, causing yield losses ranging from 27-70% if left uncontrolled (Konuksal et al., 2017).   

The Hessian fly is a significant pest not only in Northern Cyprus but also in regions where 
cereals are cultivated worldwide (Lhaloui et al., 1992; Ratcliffe & Hatchett, 1997; Buntin, 
1999). This pest has been identified in 96 countries and regions on five continents (Hatchett et 
al., 1987; Pauly, 2002; Harris et al., 2003). Failure to control this pest results in significant 
crop losses in barley and wheat (Kanno & Harris, 2000; Harris et al., 2001). Control of the 
Hessian fly is challenging, with one of the most effective methods being host plant resistance. 
Hill et al. (1952) proposed resistance mechanisms based on antixenosis (non-preference) and 
antibiosis. They focused their studies on two types of resistance: antixenosis, which prevents 
adult female Hessian flies from laying eggs on plants, and antibiosis, which prevents newly 
hatched larvae from establishing successful parasitic relationships with the plant. Resistance 
studies against the Hessian fly have been mostly conducted in wheat plants. In Morocco, 817 
wheat candidate varieties were examined, and many resistance genes were identified. It was 
reported that genotypes carrying the H5 and H15 genes and exhibiting leaf trichomes had a 
negative effect on the larval development of M. destructor (Gallagher et al., 1987). From 1943 
to 2005, 34 resistance genes were identified in wheat (Noble & Suneson, 1943; Ratcliffe & 
Hatchett, 1997; Williams et al., 2003; Liu et al., 2005). In barley, resistance genes against M. 
destructor have been identified in several breeding lines (Buntin & Raymer, 1992). Although 
Ming-Shun et al. (2009) determined that 6.4% of 94 barley lines were resistant to M. 
destructor, there are currently no studies published in the world literature. In Northern 
Cyprus, in addition to native varieties such as Ahna, Athenais, Galopsida, Lysi, and those 
obtained from Turkey such as Akhisar-98, Vamıkhoca-98, Sancak, Hilal, and Akziyaret, 
barley varieties developed by the same Institute at the level of yield (Alhisar, Baf, Beşparmak, 
Erenköy, Gaziköy, Girit, Girne, Güzelyurt, Karpaz, Kıbrıs, Lapta, Lefke, Magusa, Raufbey, 
Selanik, Türkmenköy) are also produced, and breeding studies with many varieties and lines 
of barley are also conducted.  
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In our study, differences in the preference of different barley genotypes currently being 
cultivated and tested in the region for the Hessian fly were determined, and emphasis was 
placed on varieties/genotypes that are not preferred or less preferred, with the aim of 
benefiting from them as breeding material in cultivation and breeding studies. 

MATERIALS AND METHODS 

The studies were conducted in the agricultural research institute fields located in 
Türkmenköy/Gazimağusa and Güzelyurt locations, which differ ecologically, during the 
2015-2016 barley growing season. A total of 29 spring barley genotypes were used as trial 
materials. These included 5 spring barley varieties of Greek origin cultivated in Northern 
Cyprus (Ahna, Athenais, Gitria, Galopsida, Lysi), 5 spring barley varieties registered by the 
Aegean Agricultural Research Institute in İzmir (Akhisar, Hilal, Bayrak, Bürküt, Sancak), and 
16 advanced breeding materials (coded as Alhisar, Baf, Beşparmak, Erenköy, Gaziköy, Girit, 
Girne, Güzelyurt, Karpaz, Kıbrıs, Lapta, Lefke, Magusa, Raufbey, Selanik, Türkmenköy) 
developed by the same Institute, along with 3 ICARDA spring barley genotypes (coded as 
LT3, LT15, and LT20) selected under FAO project conditions for cultivation in Northern 
Cyprus. These genotypes were sown in plots measuring 5x1.2 meters each, arranged in a 
randomized complete block design with three replications, and no insecticide was applied. 
Larval and pupal counts of the Hessian fly were made separately on 25 randomly selected 
barley plants from each replication during the tillering and stem elongation stages of the 
plants. To evaluate the results of the studies, the following scale was developed (Table 1). 

Table 1. Hessian fly (Mayetiola sp.) preference scale on barley 

Scale 
Value 

Hessian Fly Count on 
Plant (larva +pupa/plant) Reaction 

0 0 Not preferred (Resistant) 

1 0,01-0,5 
Slightly preferred 

(Moderately Resistant-
Moderately Susceptible) 

2 0,51-1,0 Preferred (Susceptible) 

3 ≥1,01 Highly preferred (Highly 
susceptible) 

The information collected from the research underwent analysis utilizing the SAS software 
JMP Pro 13.0.0 (64 bit) package program (Anonymous, 2016). Following a design 
comprising three replications based on the Randomized Complete Block Design, the data 
underwent analysis of variance to identify variances among their means. Subsequently, the 
least significant difference (LSD) test was employed at a significance level of P≤0.05 for 
groupings (Kalaycı, 2005). Graphs were generated using Excel software. 

RESULTS AND DISCUSSION 

This study, which can be considered as a reaction study or variety preference of the Hessian 
fly, was conducted under natural conditions without the use of insecticides during the 2015-
2016 barley growing season in Türkmenköy and Güzelyurt. Evaluations were made based on 
larva + pupa counts of the Hessian fly (Mayetiola destructor) to determine sources of 
resistance to the pest. Genotype and genotype location interaction were found to be significant 
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at the 5% level (P≤0.05), while location was significant at the 1% level (P≤0.01). Preference 
scale values were based on the average data from both locations. 

Table 2. Preference status of some spring barley genotypes for Hessian fly (Mayetiola 
destructor) in Northern Cyprus locations of Güzelyurt and Türkmenköy during the 2015-2016 
season 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Levels connected by same letter are significantly different, 1Cyprus varieties, 2 Aegean Agricultural Research 
Institute varieties, **P≤0,01, *P≤0,05 
 

In the trials conducted in Güzelyurt and Türkmenköy locations, differences were found in the 
average Hessian fly (larva/pupa) counts and scale values among 29 spring barley genotypes. 
In Güzelyurt, the genotype Bayrak (0.5), Güzelyurt (0.5), Lysi (0.35), Karpaz (0.10), and 
Magusa (0.40) were categorized in scale 1 (slightly preferred). Among these, Karpaz was the 
least preferred. In scale 2 (preferred), genotypes Ahna (0.95), Alhisar (0.90), Athenais (0.95), 
Baf (0.55), Beşparmak (0.85), Erenköy (0.55), Girit (0.70), Girne (1.0), Lapta (1.0), Lefke 

No Variety/Code name 
Mayetiola destructor 

(number/plant) 

Güzelyurt Türkmenköy Mean Scale 
1 AHNA 0,95 bj 0,15 ln 0,55 be 2 
2 AKHİSAR 1,25 ae 0,25 jn 0,75 ae 2 
3 ALHİSAR 0,90 bk 0,35 ın 0,63 ae 2 
4 ATHENAİS 0,95 bj 0,20 kn 0,58 ae 2 
5 BAF 0,55 en 0,45 gn 0,50 ce 1 
6 BAYRAK 0,50 fn 0,20 kn 0,35 de 1 
7 BEŞPARMAK 0,85 cl 0,10 mn 0,48 ce 1 
8 BÜRKÜT 1,55 ac 0,10 mn 0,83 ad 2 
9 ERENKÖY 0,55 en 0,01 n 0,28 e 1 
10 GAZİKÖY 1,60 ab 0,50 fn 1,05 ab 3 
11 GİRİT 0,7 dn 0,05 n 0,38 de 1 
12 GİRNE 1,00 aı 0,55 en 0,78 ae 2 
13 GİTRİA 1,70 a 0,01 n 0,85 ad 2 
14 GALOPSİDA 1,20 af 0,20 kn 0,70 ae 2 
15 GÜZELYURT 0,50 fn 0,10 mn 0,30 e 1 
16 HİLAL 1,70 a 0,45 gn  1,08 a 3 
17 KARPAZ 0,10 mn 0,65 en 0,38 de 1 
18 KIBRIS 1,15 ag 0,2 kn 0,68 ae 2 
19 LAPTA 1,00 aı 0,25 jn 0,63 ae 2 
20 LEFKE 0,7 dn 0,35 ın 0,53 ce 2 
21 LT15 1,40 ad 0,05 n 0,73 ae 2 
22 LT20 1,10 ah 0,05 n 0,58 ae 2 
23 LT3 0,65 el 0,01 n 0,28 e 1 
24 LYSİ 0,35 ın 0,40 hn 0,38 de 1 
25 MAGUSA 0,40 hn 0,20 kn 0,30 e 1 
26 RAUFBEY 0,80 dm 0,15 ln 0,48 ce 1 
27 SANCAK 0,90 bk 0,10 mn 0,50 ce 1 
28 SELANİK 1,55 ac 0,35 ın 0,95 ac 2 
29 TÜRKMENKÖY 1,05 bg 0,10 mn 0,53 ce 2 

Ortalama 0,94 a 0,22 b 0,66   
CV% 14,02 

 
LSD0,05 

Variety 0,51* 
Location 0,13** 

Location x Variety 0,72* 
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(0.70), LT3 (0.65), Raufbey (0.80), and Sancak (0.90) were listed. In scale 3 (highly 
preferred), genotypes Akhisar (1.25), Bürküt (1.55), Gaziköy (1.60), Gitria (1.70), Galopsida 
(1.20), Hilal (1.70), Kıbrıs (1.15), LT15 (1.40), LT20 (1.10), Selanik (1.55), and Türkmenköy 
(1.05) constituted the most preferred genotypes (Table 2). In Türkmenköy location, Girne 
(0.55) and Karpaz (0.65) were categorized in scale 2, while all other genotypes were ranked in 
scale 2. No genotype was included in scale "0," meaning that no genotype was not preferred 
(Table 2). 

The average numbers of Hessian fly (M. destructor) detected per plant in barley genotypes 
grown in both locations are shown in Figure 1. 

Figure 1. Mean numbers of Hessian fly (Mayetiola destructor) detected per plant in different 
barley genotypes. 

Significant differences (P≤0.01) were observed among genotypes in terms of the number of 
Hessian flies they were exposed to, indicating differential preferences of the Hessian fly 
among genotypes. No genotype fell into the lowest value category "0" scale, indicating that 
no genotype was completely unpreferred. 

Considering the overall mean across locations (0.66 Hessian fly per plant), in the slightly 
preferred group or scale 1 (0.01-0.50 Hessian fly/per plant), 12 genotypes (Baf, Bayrak, 
Beşparmak, Erenköy, Girit, Güzelyurt, Karpaz, LT3, Lysi, Magusa, Raufbey, and Sancak) 
were included. In the preferred scale 2 (0.51-1.0 Hessian fly/per plant), 15 genotypes (Ahna, 
Akhisar, Alhisar, Athenais, Bürküt, Girne, Gitria, Galopsida, Kıbrıs, Lapta, Lefke, LT15, 
LT20, Selanik, and Türkmenköy) were listed. In the highly preferred scale 3, only 2 
genotypes (Gaziköy and Hilal) were present. Hilal (1.08) and Gaziköy (1.05) were the most 
preferred genotypes. Scale evaluations of genotypes are shown in Figure 2. 

The interaction between location and genotype regarding Hessian fly preference differed 
significantly (P≤0.01) (Figure 3). 
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Figure 2. Illustrates the evaluation of genotype preferences based on scale values 

Figure 3. Mean numbers of Hessian fly (Mayetiola destructor) detected per plant in different 
barley genotypes in Güzelyurt and Türkmenköy locations. 

Differences were found in Hessian fly population preference between the two locations. 
While an average of 0.22 Hessian fly per plant was found in Türkmenköy, an average of 0.94 
Hessian fly per plant was detected in Güzelyurt. Although the population was lower, 
differences in genotype preferences of the Hessian fly were observed. Genotypes classified in 
scale 3 in Güzelyurt, such as Akhisar, Bürküt, Gaziköy, Gitria, Galopsida, Hilal, Kıbrıs, 
LT15, LT20, Selanik, and Türkmenköy, were categorized in scale 1 in Türkmenköy. The 
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Hessian fly is the main pest of cereals in Northern Cyprus, and control measures are 
inevitable. One of the best methods for this is using resistant varieties. Several lines of 
resistance genes have been identified in barley (Olembo et al., 1966; Buntin and Raymer, 
1992). In our study, differences were found in the reactions of 29 spring barley genotypes to 
the Hessian fly. However, there was no instance of being completely unpreferred (scale "0"). 

CONCLUSION AND RECOMMENDATIONS 

In this study, the scale values indicating insect preferences were determined for 29 spring 
barley genotypes. According to the results, all genotypes used in the experiment were exposed 
to the insect. Based on the average of two locations, 12 genotypes were categorized as slightly 
preferred, and two genotypes were categorized as highly preferred. It is expected that 
conducting this study with a larger number of genotypes would yield more diverse results. 
Shedding light on different resistance mechanisms in plants could lead to the development of 
more resilient plants against pests. 
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ABSTRACT

Silage is an animal feed obtained by fermenting water-rich forage plants under anaerobic 
conditions. There are many factors that make it difficult to make quality silage from legume 
plants. Low water-soluble carbohydrate (WSC) content, high nitrogenous compound content, 
high buffering capacity (Bc) and low dry matter (DM) content of lugumes are the features that 
make difficult making quality silage. In the meantime, the lack of sufficient numbers of lactic 
acid bacteria (LAB) on the epiphytic flora is also an important factor. In legume silages, lactic 
acid production is generally low, but instead acetic acid and propionic acid production is 
relatively high. For these reasons, the pH level in legume silage does not drop sufficiently and 
so sufficient quality silage cannot be obtained. 

In order to solve the existing problems in legume silages, applications such as additives 
(crushed grain, whey, molasses) to reduce the pH level, wilting to increase the dry matter 
(DM) content of the forage, and the addition of crushed grain or dry beet residue are used. In 
addition, bacterial inoculation and enzyme applications have recently begun to be used in 
legume silages. However, since all these applications generally try to solve a single problem 
of legume plants, it cannot be said that sufficient success has been achieved. For this reason, 
legume silage is not yet commonly made commercially. Studies on making quality silage 
from legumes have still continued all over the world. 

In this review article, the reasons and solutions to the challenges in making quality silage 
from legumes and the studies carried out on this subject will be discussed. 

Key words: Legumes, Silage, Quality
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ABSTRACT 

Aim of this paper was to review poultry production, genetic improvement and its utilization. 
Ethiopian poultry population (chicken) is projected to be around 56.06 million, with 
indigenous, hybrid, and foreign breeds accounting for 88.19 percent, 6.45 percent, and 5.36 
percent of the total poultry, respectively. Chicken farming is a significant and fundamental 
element of most households in Ethiopia, as it is in other poor nations, in rural, urban, and peri-
urban settings, allowing farmers to reap the advantages of high-quality protein in the form of 
eggs and meat while simply scavenging feed resources. Ethiopian poultry farming methods 
are typically low-productivity subsistence systems. Poultry plays a significant socioeconomic 
importance in terms of food security, supplementary financial flow, and religious/cultural 
reasons. The eggs of the parent stock are usually imported from other nations. The 
generations are then utilized to produce eggs, while the parent stock is employed in the 
hatchery. Ethiopian chickens are the most common, with chickens being owned by practically 
every rural family and providing a major source of protein and revenue. Chicken meat is 
healthier than other meats because it contains less overall fat and more beneficial 
monounsaturated fats. Ethiopia has one of the lowest per capita poultry and poultry product 
consumption rates in the world, with 57 eggs and 2.85 kg of chicken meat consumed each 
year. Poultry plays a crucial socio-economic function in terms of food security, 
supplementary financial income, and religious/ cultural reasons. The production of egg and 
chicken meat has unquestionably been linked to closing the gap in animal protein supplies for 
human use. Feed shortages, predators, disease, veterinary care, health management, 
marketing, breed, and Extension service concerns can all hinder poultry production in 
Ethiopia. 

Key words: Ethiopia, improvement, poultry production, utilization 

INTRODUCTION 

Traditional poultry keeping using mainly indigenous chickens still dominate poultry 
production systems in many developing countries. The types of poultry husbandry mostly 
practiced under village poultry production system in Africa include the free range and 
backyard systems. The traditional village poultry production system comprises of the free-
range system where chickens obtain daily nutrient intake from scavenging; the backyard 
system where chickens are partly confined within improved overnight shelter with provision 
of some fed and water  and the semi-intensive system in which chickens are fed with balanced 
diet (Besbes, 2009; Melesse, 2014). The traditional village poultry production system is 
characterized by little or no inputs for housing, feeding (scavenging is the only source of diet) 
and health care with minimal level of biosecurity, high off-take rates, and high level of 
mortality. This production system does not involve investment beyond the cost of the 
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foundation stock, a few handfuls of local grains and possibly simple night shades, mostly 
night-time in the family dwellings. Indigenous chickens are mostly kept under traditional 
production system although some hybrids and exotic breeds may be reared under this system 
(Dawit et al. 2008). 

Small-scale intensive production system is characterized by medium level of feed, water, and 
veterinary service inputs and minimal to low biosecurity. There are few studies about diseases 

coccidiosis as a cause of mortality, reduced weight gain and egg production and market value 
of affected poultry.  

The large-scale commercial production system is highly intensive production system and 
involves an average of greater or equal to 5,000 birds kept under indoor conditions with a 
medium to high levels of biosecurity. This system heavily depends on imported exotic breeds 
that require intensive inputs such as feed, housing, health, and modern management systems. 
It is estimated that this sector accounts for nearly 2% of the national poultry population. This 
system is characterized by higher level of productivity and entirely market oriented to meet 
the available large demand for poultry and poultry products in major towns and cities. The 
existence of somehow better bio-security practices has reduced chick mortality in this sub-
sector to around 5% (Bush, 2006). 

The major aim of this paper was to review the poultry production status, genetic improvement 
and utilization in tropics.   

Productive performances of Ethiopian poultry 

Indigenous chicken ecotypes comprised of chickens with wide range of morphologic or 
genetic diversity. The most dominant chicken reared in Ethiopia are indigenous ecotypes, 
which show a large variation in body conformation, plumage color, comb type and 
productivity (Hassen et al. 2007). Dessie et al. (2003) and Hassen (2007) reported that the 
names of the indigenous chicken groups were being called as chicken-ecotypes and native-

s used to describe the local 
chicken populations (Melesse and Negesse, 2011; Melesse, 2014).  

The annual egg production potential of indigenous chickens kept under rural management 
conditions was reported to be 30-60 eggs/hen with an average egg weight of 35-45 g (Moges 
et al. 2010; Melesse and Negesse, 2011; Melesse, 2014), as compared to the exotic breeds of 
chicken kept under intensive management conditions of Ethiopia producing around 250 
eggs/hen with mean egg weight of 55-60g (Tola et al. 2003; Alawi and Melesse, 2013; 
Melesse et al. 2013).   

The low productivity of the Ethiopian scavenging indigenous chickens is not only because of 
their low genetic potential, since the system is characterized by high chick mortality.  
Moreover, the local chickens are the results of uncontrolled mating and breeding systems 
(Tola et al. 2003; Dana et al. 2003). Although the country owns relatively huge rural poultry 
population in Africa, the contribution of this genetic natural resource to the national economy 
and export earnings is disproportionately small attributed to several productions, 
reproduction, and marketing constraints. The indigenous flocks are very poor in egg 
production performance due to low genetic potential, high chick mortality and feed problems. 
(Melesse et al. 2012; 2013). According to the results a study conducted by Melesse (2000) 
and Melesse et al. (2005, 2011, 2012) naked neck indigenous chickens genotype was superior 
to full feathered mates in egg production, sexual maturity, mortality rate and feed efficiency. 

Modern poultry production is affected by factors such as breed and strain of chicken used, 
environmental conditions in poultry house, management practices and feed and feeding status. 
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The knowledge of performance of economic traits in chicken is important for the formulation 
of breeding plans for further improvement in production traits. Growth and production traits 
of a bird indicate its genetic constitution and adaptation with respect to the specific 
environment (Ahmed and Singh, 2007). 

The laying cycle of a chicken flock usually covers a span of about 12 months. Egg production 
begins when the birds reach about 18-22 weeks of age, depending on the breed and season. 
Flock production rises sharply and reaches a peak of about 90% after 6-8 weeks of laying. 
Egg production gradually declines thereafter to about 65% after 12 months of lay. There are 
many factors that can adversely affect egg production. Egg production can be affected by feed 
consumption (quality and quantity), water intake, intensity and duration of light received, 
diseases and parasite, management and environmental factors including heat and cold 
stressors (Melesse et al. 2011). 

Different authors reported the effect of breed on egg production. Yakubu et al. (2007), Alawi 
et al. (2011) and Melesse et al. (2005, 2011) reported significant effect of breed on egg 
production and mortality rate while Duduyemi (2005) found no significant effect of breed on 
egg production.  

Traditional poultry breeding practice in Ethiopia

According to study carried out by Molla, (2010) about 97.8 % of farmers of the Gomma 
district incubate eggs using mature broody hen on its second and third clutches during the dry 
seasons (October-January). Half of the farmers in this district preferred using body size, 
ample plumage cover and previous hatching history as the selection criteria of egg incubating 
broody hen. About 92.2% of the farmers reported to place the incubation boxes in a much 
protected and dark corner of the family dwellings with the use of cereal straws bedding either 
on clay pot or on bare ground. Most of the chicken rearing farmers has a practice of 
incubating home laid eggs and reported to have no special management practice during 
incubation such as putting feed and water near to the brooding nest and avoiding disturbance.  

Farmers have their own criteria and strategies of culling and selecting chickens at any time of 
the year (Hassen, 2007; Moges et al. 2009). Chickens are mainly culled for home 
consumption, religious sacrifices and selling to generate family income.  All farmers in 
different regions of the country traditionally place higher selection pressure on breeding and 
replacement males and females such as plumage color, live weight, comb type, body 
conformation and history of laying performance (Hassen, 2007; Dana, 2011; Worku et al. 
2012). Farmers in the Amhara (Farta, Mertolemariam) and Oromia (Horro) Regional States 
give the highest emphasis for plumage color while in Southern Ethiopia (Konso and Sheka) 
live weight is used as the most important selection criteria. The emphasis given to each trait 
category is largely similar across the sexes except that, unlike for males, live weight is most 
important in Mandura and almost equally important to comb type in Farta for selecting 
breeding females (Dana, 2011). The general indication is that there is no designed selection 
and controlled breeding of village chickens (Molla, 2010).  

Based on the survey report of Nigussie et al. (2015), natural incubation and chick brooding 
with the use of broody hen are exclusively used all over rural Ethiopia. About 79% of farmers 
of Tigray region incubate chicken eggs during dry season while the remaining 20.95% of the 
farmers incubate chicken eggs at any time. The average number of eggs incubated using a 
broody hen was reported to be 12.6.  Mean hatchability level of about 80% was reported to be 
obtained, the value of which is high even by the standard of the Ethiopian modern poultry 
sub-sector.  However, the average survival rate of chicks to an age of eight weeks was 
reported to be less than 50%, indicating that high chick mortality significantly affects the 
production performance of the Ethiopian village poultry. The relatively low chick survival 
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rate of natural brooding could be attributed to exposures to harsh weather conditions, 
predators, and diseases. .  

Modern poultry breeding practice in Ethiopia 

Even if there is no recorded evidence indicating the exact time and locations of introduction 
of 
the first batch of exotic breeds of chickens into Ethiopia for genetic improvement, it is widely 
believed that the importation of the first batch of exotic chicken was probably done by 
missionaries (Molla, 2010). The first four breeds of exotic chicken (Rhode Island Red, 
Australorp, New Hampshire, and White Leghorns) were imported to Jimma and Haramaya 
College of Agriculture in 1953 and 1956, respectively under USAID project (Demeke, 2007). 
In the 1980s, the Ministry of Agriculture initiated importation and distribution of cockerels to 
be used as breeding males in the villages. This scheme failed because farmers were 
unwilling to remove their local cocks and the exotic cocks failed to adapt in the village 
environments. Hence the indigenous chickens are found to be better in adaptation to harsh 
environment and resistance to disease under scavenging conditions. Indigenous chickens have 
strong maternal instinct and scavenging ability but poor in reproductive and productive 
performance (Dana, 2011).  

Melesse et al. (2005, 2011, 2012) conducted crossbreeding between Ethiopian naked neck 
chicken with various commercial breeds under heat stress and normal environments and 
found that F1 crosses were much better in egg production, egg quality and other performance 
traits than their counterpart commercial chicken breeds. On the other study, Alawi et al. 
(2011) and Melesse et al. (2013) reported improved performance of F1 crosses of indigenous 

Egg production 

The mean annual egg production of the indigenous chicken ecotype varies from 30-60/hen 
under traditional management condition (Melesse 2000; Moges et al. 2009, Melesse and 
Negesse, 2011; Worku et al. 2012). However, this could be improved to 80-100 eggs/hen on 
station conditions with improved feeding, housing, and health care. According to Hassen 
(2007), the total number of eggs produced per hen per year ranges between 18 and 57. The 
average length of a single egg-laying period per hen is estimated to be about 21, 31 and 129 
days for local, hybrid and exotic breeds respectively.  The average number of eggs laid per 
hen per egg- laying period in Ethiopia is about 12, 25 and 107 respectively (CSA, 2015).  

The average number of clutches per hen per year of indigenous chickens was reported to be 4 
(2-6) with annual egg production performance of 60 eggs per hen (24-
management condition (Moges et al. 2010). According to Kibret (2008), the average number 
of eggs incubated/hen was 13, of which 11 chicks hatch.  A laying hen needs about 120-130 
days to accomplish one production cycle comprising of 40 - 50 days of laying, 21 days of 
incubation and 60 days of chick brooding. Average egg production per clutch and mean 
annual egg production/hen shows an increment during the 3rd and 4th ring the 
1st and 2nd clutch period (Hailu et al. 2013). Dessie et al. (2003) and Moges et al. (2010) 
revealed that the overall mean egg laying performances of indigenous hens during the first, 
second and third clutches was 17.0, 20.9 and 24.8 eggs respectively.  The egg production 
performance of indigenous chickens shows improvement with improved feeding, housing, 
and health care, but not to an economically acceptable level.  

External and internal egg quality traits are the determinant factors for the embryonic 

thickness and strength are very important to handle the egg during transportation and storage 
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(Melesse et al. 2005). Yolk colors have valuable influence on the egg market (Moges et al. 
2010; Dana et al. 2010). According to Tadesse et al. (2015), most of external and internal egg 
quality parameters are subjected to the level of chicken management and egg handling 
techniques.  

Trait preference for hens 

According to the study of Nigussie et al. (2015) that was conducted in Southern Tigray, most 
of the farmers reported to have practiced selection of breeding hens for traits, such as egg 
production, strong broodiness (good mothering ability), hatchability, large body size, plumage 
color and comb type. Farmers in most districts give more emphasis to reproductive traits than 
monogenic qualitative and adaptive traits. Consequently, most of the farmers place   emphasis 
on egg production performance and good mothering ability, rather than large body size, body 
plumage color and comb type. Egg production appeared to be the most preferable trait 
because of the benefits of selling eggs, consumption and hatching for stock replacement 
(Nigussie et al. 2015; Esatu et al. 2015). Moreover, Dana et al. (2010) reported egg 
production as the most important selection criterion in different parts of Ethiopia. 

Trait preference for cocks 

Like hens, farmers practiced selection on breeding cocks for different trait categories like;
plumage colour, large body size, comb type, response to predator. Farmers in Raya-azebo and 
Ofla districts placed emphasis on plumage color and double comb while large body size was 
the most preferable trait in Endamehoni district. This shows farmers in Raya-azebo and Ofla 
district traditionally attached their preference to plumage color and comb type. Generally, the 
results of the survey showed that trait preference for cocks were mainly limited to trait 
categories which influenced consumer and market preference.  Reproductive traits like libido 
and early maturing were not considered in selection by the respondents in both districts, even 
though it has an implication in the future production performance of chickens (Nigussie et al. 
2015). 

Challenges of poultry production in Ethiopia

The major constraints that limit the adoption of exotic poultry to the Ethiopian village 
conditions comprises of high prevalence and susceptibility to diseases and predators, lack of 
access to vaccination, high feed and management requirement, unavailability and high price 
of breeding stock and market problem (Esatu et al. 2015). 

Fertility and hatchability 

Fertility and hatchability are the major determinants of profitability in a hatchery enterprise 
(Peters et al. 2008; Abdurehman and Urge, 2016). Estimates of fertility and hatchability serve 
as an important yardstick in evaluating the economic efficiency of parent stocks and measure 
of the genetic/reproductive fitness of individual birds and/or breed in a population (Oleforuh-
Okoleh et al. 2017).  

Storage of fertile eggs for more than a week is known to increase embryonic abnormalities 
and mortality due to the degradation of the viscosity of egg albumen (Petek and Dikmen 
2006). The elongated storage period of eggs results in reduced hatchability and an increase in 
embryonic mortality. In fact, a rule of thumb in the hatchery business is that for every day 
after 10 days of storage, hatchability decreases by 1% (Bakst and Akuffo 2002). The 
elongated egg storage problem on hatchability and growth performances of brooder chicks is 
not extensively determined in western African conditions, as hatchability and growth 
performances of chicks differ according to species, breeds, environmental conditions, and 
other management (Ayeni et al. 2020). 
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Hatchability is a very important trait in breeding program having a great economic impact in 
the poultry industry.  Hatchability is affected by genetic factors, fertility, health and age of the 
flock, egg storage conditions and duration, and nutrition and management conditions of the 
flock (Alemayehu et al. 2015).  

CONCLUSION 

Ethiopian chickens are the most common, with chickens being owned by practically every 
rural family and providing a major source of protein and revenue. Chicken meat is healthier 
than other meats because it contains less overall fat and more beneficial monounsaturated fats. 
Poultry plays a crucial socio-economic function in terms of food security, supplementary 
financial income, and religious/ cultural reasons. The production of egg and chicken meat has 
unquestionably been linked to closing the gap in animal protein supplies for human use. Feed 
shortages, predators, disease, veterinary care, health management, marketing, genetic quality, 
and Extension service concerns can all hinder poultry production in Ethiopia. 
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ABSTRACT 

Water is the indispensable source of life and agricultural production. Sustainability means 
continuity. Water efficiency in agriculture is the whole of the studies carried out to increase 
the efficiency of existing water resources and use natural resources in a more accurate and 
healthy way. 

Approximately 76% of the total water consumption in our country is used in agricultural 
areas. Turkey's 2023-2024 targets include the current usable potential of 112 km3 of water and 
the expansion of potential irrigated agricultural areas for agricultural use. Saving water is 
important in agricultural production and sustainable irrigation. 

In this study, it is aimed to discuss how we can achieve water efficiency in agricultural 
production and, in this context, the issues of "benefiting by using less water in agricultural 
production" and "being able to irrigate more areas with the same amount of water" with the 
principle of "zero loss" in our water resources.

Key Words: Evaporation; irrigation; limited watering; water management

INTRODUCTION 

Water use for agricultural purposes accounts for approximately 70% of total sectoral water 
use in the world. Sectoral water use distribution varies according to the development levels of 
countries. For example, it is 25% for Europe and 8% for Africa and Asia. In Turkey, water 
use for agricultural irrigation is 77% of total water use. According to this value, the amount of 
water savings to be achieved as a result of improving agricultural irrigation efficiency will 
also be high ( ).

In the use of water in agricultural production; it is aimed to obtain more products by using less 
water and to make maximum use of unit water. For this reason, it is of great importance to 
increase the efficiency of water used in agricultural activities and to make it sustainable. 

In our country, water efficiency is legally bound by the provisions in Article 11 of the 
Regulation on the Protection of Water Basins and Preparation of Management Plans 
published in the Official Gazette dated October 17, 2012 and numbered 28444 (Kodal and 
Ahi, 2018).   
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In this study, water efficiency and sustainability in agricultural production and in this context, 
the concepts of indicators such as productivity, efficiency, water management, etc. will be 
tried to be explained. 

WHAT IS WATER EFFICIENCY? 

Assuming that existing soil and water resources can be preserved, the annual amount of water 
e to the 

borders of water scarce countries. In the value of the annual amount of available water, the 
economic growth of the country may lead to an increase in the amount of water use in all 
sectors. This will also increase the pressure on water resources. 

Water use efficiency in agricultural production can be measured by looking at the efficiency 
of irrigation systems, the ratio between the amount of water required for irrigation and the 
amount of water diverted from the source, and therefore only the efficiency of irrigation 
engineering and management (Kodal and Ahi, 2018). 

Ensuring the modernization of irrigation systems, expanding the use of high technology in 
irrigation management studies, expanding good and vertical farming practices, determining 
the crop pattern by taking into account the water availability in the region and preferring low 
water consuming plants, especially in arid regions, are important in terms of agricultural water 
efficiency. In addition, the methods of widespread rainwater harvesting and reuse of 
wastewater in agricultural irrigation will help to minimize water loss. With the maximum use 
of all these methods, irrigation efficiency in agricultural areas will reach approximately 75%, 
which is an important rate for water efficiency. 

THE IMPORTANCE OF SUSTAINABLE WATER MANAGEMENT IN 
AGRICULTURE AND IRRIGATION EFFICIENCY  

The vast majority of fresh water is used for irrigation in agricultural areas. This is an 
indication of how important it is to increase yields through improvements across the 
agricultural sector. Since the current growth rates of agricultural water demand are 
unsustainable, there is a need to improve the water use efficiency of the agricultural sector by 
reducing water losses and increasing water-related crop yields. 

To facilitate the analysis of water use efficiency in the agricultural sector, the following 
structure is proposed for the main components of the water supply chain: 
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Water source + Water transmission + Water distribution + Irrigation system + Drainage 
water 

Figure 1: Irrigation water supply chain (Anonymous, 2021). 

Water use efficiency will be analyzed for each of the components. The elements to be 
considered for each component are the following (Anonymous, 2021; https://sutema.org/su-
varliklarimim-  , -yasan-icin-

-sulama ):

Water supply: The water supply component will include water abstraction, pumping stations 
and water storage structures (if any). The water source can be surface water (springs, rivers, 
lakes, dams, etc.) or groundwater (wells). Irrigation water will be conveyed from the water 
source to the end-use points through the water conveyance component. 

Water transmission: The water transmission component will include the water transmission 
lines that will convey irrigation water from its source to the end-use points, i.e. the irrigation 
area. The elements to be considered in this component will be: canals or pipelines, pumping 
stations and water tanks. 

Water distribution: The water distribution component will include all elements included in 
the distribution networks from the last point of water transmission to the connection to the end 
users (hydrants). These elements include canals, pipelines and their auxiliary components, 
pumping stations and (if present) water reservoirs already in operation in the network. 

Irrigation system: After the irrigation water reaches the end-use points (hydrants) through 
the water distribution network, the next component is the irrigation system, which will include 
all the necessary elements to distribute the water throughout the irrigation area. Typical 
elements are pipelines with canals or ancillary components, pumping stations, irrigation 
equipment and water tanks (if any) in the network. 

Drainage water: Excess water used in irrigation plots is conveyed to a discharge point. 
Eventually, drainage water can be reused for irrigation purposes, but it often contains 
dissolved salts 

Transmission Efficiency (Ec) (%): the volume of water delivered to the irrigation area by 
ed by the total volume of water measured at the 

diverted from a canal or canal system into the canal (the excess goes away from the water 
surface as overflow, seepage and evaporation). This ratio gives an idea of the transmission 
line efficiency of the irrigation area under consideration.  

In-field application efficiency (Ef) (%): It is the result of the volume of water used by plants 
during the evapotranspiration pro

-field application efficiency is related to the water supplied to the root 
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zone of the plant and the total water supplied to the field (the excess usually seeps into the 
soil, percolates under the root zone or evaporates from the wet soil surface).  

Irrigation Efficiency (IE) (%) : The ratio of the total plant irrigation water requirement to 
the amount of water taken into the network from the water source. 

Irrigation Water Use Efficiency (Wue) (kg/ha and mm): The result of the ratio of the 
productivity of the irrigated crop (kg/ha) to the evapotranspiration (seed to harvest) of the 
crop under consideration (mm). It gives an idea of the theoretical efficiency of the water used 
by the crop under consideration. 

The ratio of the yield of the irrigated crop (kg/ha) to the 

water for a given irrigated crop. 

Once an assessment of water use efficiency has been made, the next step is to define the 
expected future improvements or, in other words, to identify the targets to be achieved and the 
measures to be implemented first to achieve these targets. 

PRINCIPLES  FOR  SUSTAINABLE  WATER  MANAGEMENT 

a) Efficiency: Water resources should be used in the most efficient way, water wastage
should be prevented and agricultural water productivity should be increased. This is possible
by optimizing water resources for all sectors.

b) Conservation: Conservation of water resources for sustainable water management is
possible by protecting and improving water basins and maintaining groundwater levels.

c) Balanced use: It is the fair and equitable use of water resources by all users within the
ecosystem.

d) Adaptation: The ability to adapt to climate change and other environmental and social
changes is an important component of sustainable water management.

e) Participatory management: Involving all users in water management decisions.

f) Education: Possible by increasing knowledge and awareness.

g) Reuse: It is the treatment and reuse of wastewater from the use of water resources in
different sectors such as industry.

h) Water harvesting: Rainwater harvesting is the on-site collection and storage of rainwater
runoff from impervious surfaces for reuse. The water collected by water harvesting can be
utilized in different areas of use. For example; car washing, siphon use, agricultural irrigation,
heating systems of buildings, cleaning and utility purposes and groundwater recharge (Figure
1, 2, 3, 4, 5, 6, 7) , (Anonymous, 2022).
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Figure 2: Car Washing 

Figure 3: Siphon usage 

Figure 4: Agricultural irrigation 
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Figure 5: Heating systems of buildings 

Figure 6: Cleaning and utilization purposes 

Figure 7: Groundwater recharge 
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INNOVATIVE  SOLUTIONS  FOR SUSTAINABLE  WATER  MANAGEMENT  IN 
AGRICULTURE  

Innovative solutions that support sustainable water management include wireless 
communication, machine learning and techniques, developed smart irrigation methods, 
optimization of water and energy use in agricultural use, etc. Moreover, the use of different 
machine learning algorithms plays an important role in the automation of irrigation processes 
(( -su- ).These algorithms include soil moisture, air 
humidity, meteorological data, structure of agricultural land, climatic factors. The use of all 
these innovative and intelligent, i.e. computerized systems are systems that contribute greatly 
to sustainable water management. These applications ensure the efficient use of water 
resources. This increases agricultural productivity and provides cost savings to producers and 
users. 
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THE INVASIVE THREAT OF TREE OF HEAVEN (Ailanthus altissima): IMPACTS, 

CHALLENGES, AND MANAGEMENT STRATEGIES 

ABSTRACT

Invasive plants are among the pests that need to be controlled worldwide. Invasive plants are 
species that are introduced from outside and can develop better in the areas they are moved to, 
especially due to the absence of natural enemies. Tree of Heaven (Ailanthus altissima), one of 
the invasive alien plant species, is considered an invasive species in urban, rural and natural 
ecosystems in many parts of the world. Ailanthus altissima began to be used as an ornamental 
plant in the 18th century. Since then, it has spread easily in many countries because it is 
resistant to environmental factors. It spreads rapidly in the areas it enters due to its rapid 
development, production of many seeds, and ability to grow from stem shoots. This plant 
threatens biodiversity where it spreads and reduces overall species diversity. Additionally, 
Ailanthus altissima contains allelopathic chemicals that may inhibit the growth of other plants 
in its environment. This situation poses a serious threat to the ecosystem. As a result of the 
research, it is seen that Ailanthus altissima is very difficult to control due to its rapid 
development. The aim of this study is to provide information on the morphology, distribution, 
ecology, habitat requirements, physiology, impacts and control of Ailanthus altissima.

Key Words: Ailanthus altissima, Invasive plants, Biodiversity, Ecosystem, Allelopathy

T

g

Ailanthus altissima

fazla 
mesi gibi yerlerde 

330



allelopatik kimya

Anahtar Kelimeler:
Allelopati 

Pimentel, 2002). 

nedeniyl

suz 

ark., 2010; Hejda ve ark., 2009). 

i, 2013). Topraktaki fiziksel ve 

Callaway, 2003; Callaway ve Ridenour, 2004). 

Ailanthus altissima Ekolojisi

Ailanthus altissima,
Simaroubaceae 

ortalama 40-

331



Boyu genellikle 5-10 m 20-25 m kadar -100
cm'ye kadar uzayabilmektedir. Yaprak genellikle

2007;Horoz, 2019). 

i

-
- -

-beyaz 
-

renkte, 3- -

 2007; Ho roz, 
2019). 

Ailanthus altissima

Ailanthus altissima

kenarlar

bilinmektedir. 400-

-

 (Weber ve Gut, 2004) Avrupa ve 

332



Ailanthus altissima

Darley 1994).

Ailanthus altissima

Ailanthus alti

kte, genetik 

e

olarak uygulanabilmektedir (Pritchard 1981). 

edilenler a

rch ve 

333



Zedaker 2003). 2- -

olarak ba

aki 

Ailanthus altissima
edilmektedir. Ailanthus altissima 

A. 
altissima 

A. 
altissima

A. altissima

 Bu bitki 

gerekmektedir. 

KAYNAKLAR 

Ballero M, Ariu A, Falagiani P. 2003. Allergy to Ailanthus altissima (tree of heaven) pollen. 
Allergy, 58(6), 532-533. https://doi.org/10.1034/j.1398-9995.2003.00172.x

Blossey, B., & Notzold, R. (1995). Evolution of increased competitive ability in invasive 
nonindigenous plants: a hypothesis. Journal of Ecology, 83(5), 887-889.
https://doi.org/10.2307/2261425

Burch, P. L., & Zedaker, S. M. (2003). Removing the invasive tree Ailanthus altissima and 
restoring natural cover. Arboriculture & Urban Forestry, 29(1), 18. 

Callaway, R. M., & Ridenour, W. M. (2004). Novel weapons: invasive success and the 
evolution of increased competitive ability. Frontiers in Ecology and the Environment, 2(8), 
436-443. https://doi.org/10.1890/1540-9295(2004)002[0436:NWISAT]2.0.CO;2

334



CRAWLEY, M. J. (1987). What makes a community invasible? Colonization, Succession and 
Stability, 429-453. 

Derrick, E. K., & Darley, C. R. (1994). Contact reaction to the tree of heaven. 
DOI: 10.1111/j.1600-0536.1994.tb00706.x

Ehlers, B. K., & Thompson, J. (2004). Do co-occurring plant species adapt to one another? 
The response of Bromus erectus to the presence of different Thymus vulgaris 
chemotypes. Oecologia, 141, 511-518.

diversity and composition of invaded communities. Journal of ecology, 97(3), 393-
403. https://doi.org/10.1111/j.1365-2745.2009.01480.x

Hierro, J. L., & Callaway, R. M. (2003). Allelopathy and exotic plant invasion. Plant and 
soil, 256, 29-39.

H

Hu, S. Y. (1979): Ailanthus. Arnoldia 39: 29-50. 

(Giresun) Forest Planning Unit. Turkish Journal of Forestry, 19(2), 120-129.

Li, R. Z., & Tao, D. W. (1980). Tree of heaven.
House.

109-121.

Noble, I. (1989). Attributes of invaders and the invading process: terrestrial and vascular 
plants. Biological invasions: a global perspective, 301-313.

ILI M.,T.C. Kayseri 
-357.

Pimentel, D. (2003). Biological invasions: economic and environmental costs of alien plant, 
animal, and microbe species (No. 10131). CRC Press.

Pritchard G. H. (1981). Spot-gun application of hexazinone for the control of tree of heaven. 
Proceedings of the Sixth Australian Weeds Conference, 1981. Vol. 1. Queensland Weed 
Society. pp 113114. 

ange and 
management, and health. Annual review of environment and resources, 35, 25-55. 
https://doi.org/10.1146/annurev-environ-033009-095548

Rands, M. R., Adams, W. M., Bennun, L., Butchart, S. H., Clements, A., Coomes, D., ... & 
Vira, B. (2010). Biodiversity conservation: challenges beyond 2010. science, 329(5997), 
1298-1303 DOI: 10.1126/science.1189138

335



Selim, C., Sever Mutlu, S. & Seli
(1), 38-45.

Sterrett, J. P., Baden III, J. A., Davis, J. T., & FORT DETRICK FREDERICK MD. (1971). 
Defoliation of oak, maple and other woody plants with 2-chloroethylphosphonic acid and 
potassium iodide. Northeastern Weed Sci. Sot., Proc. 25, 376.

Ailanthus altissima 
ra, 148-155.

communities and ecosystems. Ecology letters, 14(7), 702-708. https://doi.org/10.1111/j.1461-
0248.2011.01628.x

Weber, E., & Gut, D. (2004). Assessing the risk of potentially invasive plant species in central 
Europe. Journal for Nature Conservation, 12(3), 171-179. 
https://doi.org/10.1016/j.jnc.2004.04.002

Yang, J., Tang, L., Guan, Y. L., & Sun, W. B. (2012). Genetic diversity of an alien invasive 
plant Mexican sunflower (Tithonia diversifolia) in China. Weed Science, 60(4), 552-557. 
DOI: https://doi.org/10.1614/WS-D-11-00175.1

336



EFFECT OF MELATONIN ON INCREASING LEAF DEVELOPMENT OF SWEET 
CORN SEEDLINGS UNDER SALT STRESS CONDITIONS

Dr. 

Irrigation 

ABSTRACT 

Plant growth regulators have become increasingly attractive in recent years owing to their 
significant contribution to improving plant growth and productivity under adverse 
environmental conditions. This study investigated the impact of different melatonin doses (0, 

M) on sweet corn seeds grown in varying soil salinity levels (0.27, 2.50,
5.0, and 8.0 dS m-1) on leaf traits during seedling development. The pot study was conducted 
in a completely randomized block design with a factorial combination of 4 melatonin doses 
and 4 soil salinities in 3 replications. After 50 days of sowing, leaf area, width, and length 
were measured for a randomly selected plant from each pot using an image processing 
method. Statistical differences between the examined parameters were determined using the 
LSD test at a 5% significance level. The leaf width, leaf length, and leaf area of maize 
seedlings decreased by 50.6%, 26.8%, and 32%, respectively, under 8.0 dS m-1 soil salinity 
compared to 0.27 dS m-1 soil salinity. However, 50, 100, and 2
increased the leaf area of maize seedlings by 14.4, 19.1, 8.4%, leaf length by 3.7, 17.1, 7.9%, 

dose. However, when soil salinity increased from 0.27 dS m-1 to 8.0 dS m-1 under the 
conditions of 0, 50, 100, and 200 mM melatonin dose, the leaf area stress sensitivity index 
increased by 53.6%, 52.1%, 48.1%, and 49.1%, respectively. The study found that 

onin significantly enhances leaf 
development and salt stress tolerance during the seedling stage. Therefore, pre-treating sweet 

sustainable sweet corn production. 

Keywords: Melatonin, Sweet Corn, Leaf Area, Soil Salinity, Salt Tolerance 

INTRODUCTION 

Salt-affected soil, a widespread issue globally, refers to soil that is negatively affected by 
soluble salts, mainly sodium chloride, due to human activities such as irrigation with saline 
water and excessive fertilizer use (Parvaiz & Satyawati, 2008). This type of soil presents 
significant agricultural challenges as it hinders plant growth through osmotic stress, ion 
toxicity, and nutrient imbalances. Moreover, it degrades soil structure, reduces water 
infiltration, and impedes aeration (Acosta-Motos et al., 2017; Van Zelm, Zhang, & Testerink, 
2020). To effectively manage salt-affected soil, sustainable agricultural practices must be 
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implemented, including proper irrigation, cultivation of salt-tolerant crops, and amendment of 
the soil with organic matter to improve soil structure and fertility. 

One particularly beneficial technique for managing salt-affected soil is seed priming, which 
involves pre-hydrating seeds to initiate germination without radical emergence (Johnson & 
Puthur, 2021). This process prepares seeds to withstand better osmotic stress caused by high 
soil salinity . Seed priming enhances 
seedling establishment and root growth, allowing plants to access water and nutrients more 
efficiently. Furthermore, it significantly improves germination and establishment in salt-
affected soils, contributing to more sustainable agricultural practices in challenging 
environments. Priming seeds with compounds such as salicylic acid, melatonin, ascorbic acid, 
and proline enhances seed germination and seedling growth under salinity stress (Bhatt et al., 
2020). Melatonin is well known for its antioxidant capacity and, more recently, for its 
regulatory role in improving the tolerance of plants to salt and other abiotic stresses (Dawood, 
2021). It mitigates the adverse effects of salt stress on plant morphology, photosynthesis, and 
biochemical processes (Khan et al., 2023). Morphologically, melatonin promotes root growth 
and development, which plays a crucial role in nutrient and water uptake in saline 
environments. It also increases leaf area and chlorophyll content, thus improving 
photosynthetic efficiency.  Melatonin regulates stomatal closure, reducing water loss through 
transpiration and aiding in water conservation in saline conditions (Sharma, Thakur, Mann, & 
Umar, 2024). Biochemically, melatonin acts as an antioxidant by scavenging reactive oxygen 
species (ROS) that accumulate under salt stress and can cause cellular damage. By reducing 
oxidative stress, melatonin helps maintain the integrity of cell membranes and chloroplasts, 
ensuring the proper functioning of photosynthesis and metabolic processes (Arnao & 

-Ruiz, 2021).

Photosynthesis is a critical process for plants as it enables them to produce energy and organic 
compounds necessary for growth and development (Altaf et al., 2022). A larger leaf area 
allows plants to capture more sunlight and synthesize more carbohydrates through 
photosynthesis. On the other hand, reduced leaf area can result in decreased transpiration, 
affecting the plant's ability to cool down and uptake nutrients efficiently. Additionally, leaf 
area is closely linked to a plant's ability to maintain water balance. In salt-affected soils, 
plants often experience osmotic stress due to the high salt concentration, which diminishes 
water availability to the roots. A larger leaf area helps plants capture more water from the soil 
and maintain turgor pressure, which is essential for cell expansion and growth. Sweet corn 
(Zea mays convar. saccharata var. rugosa) is a popular cereal grain (Sezer et al., 2021). It is 
typically harvested during the "milk stage" for its tender, sweet flavor and is rich in essential 
nutrients such as dietary fiber, folate, vitamin C, potassium, and magnesium. This study aims 
to achieve three objectives: (1) investigate the impact of varying soil salinity levels on the leaf 
area, length, and width of sweet corn seeds during the seedling stage, (2) assess the 
effectiveness of melatonin pretreatment on sweet corn seeds in enhancing the stress sensitivity 
index of the leaf area, and (3) identify the optimal dosage of melatonin for promoting the 
growth of leaf area in sweet corn seedlings. 

MATERIAL AND METHOD 

Experimental area 

The research was carried out at the Agricultural Research Center of Ondokuz Mayis 
University in Samsun, Turkey, from July 10th to August 29th, 2020, under rain-shelter 
conditions. The soil utilized in the study was gathered from the 0-15 cm layer of the research 
center's soil, and it exhibited a clay-loam texture. A summary of the physical-chemical 
characteristics of the soil collected is presented in Table 1. The gathered soil samples were 
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dried in the air and then crushed to pass through a 2 mm sieve. Hybrid early super sweet corn 

Table 1. The physical and chemical properties of the collected soil. 
Traits Values
Silt (%) 17
Sand (%) 47
Clay (%) 36
Soil texture Clay-loam
Field capacity (%) 32.16
Wilting point (%) 19.85
ECe (dSm1) 0.27
pH 7.59

Experimental design and agricultural practices 

The present study was carried out in 48 pots according to the randomized completely block 
design. The study included 4 soil salinity levels (0.27, 2.50, 5.0, and 8.0 dS m-1) and 4 

Before 
sowing, 480 healthy and uniform sweet corn seeds were surface-sterilized with 10% hydrogen 
peroxide (H2O2) solution for 2 min and then washed three times with distilled water. The 
seeds were divided into four groups and treated with melatonin doses. Seeds were soaked in a 

temperature.

The soil used in the experiment was air-dried, crushed, and sieved through a 2-mm sieve. 
Four saline soils with electrical conductivities of 0.27, 2.5, 5.0, and 8.0 dS m-1 were utilized. 
The 0.27 dS m-1 treatment represented natural soil collected, while the 2.50, 5.0, and 8.0 dS 
m-1 soil salinities were adjusted using a mixture of NaCl, MgSO4, and CaCl2 salts mixed with
irrigation water. Saline soil preparation was done as described by Sezer et al. (2021). After
soil preparation, each pot (18 cm high and 15 cm internal diameter) was filled with 2.5 kg of
dried soil. Before sowing, all pots were fertilized with potassium, nitrogen, and phosphorus at
rates of 60, 250, and 90 kg ha-1, respectively. At the time of sowing, 10 seeds, which were
primed with different solutions, were planted in each pot at a depth of one inch. After one
week, the seedlings were then thinned to 5 seedlings per pot. Throughout the growing period,
the pots were irrigated with water having a salinity of 0.20 dS m-1 when the available soil
water was depleted by 35-40% under the conditions of soil salinity at 0.27 dS m-1. Before
each irrigation, the pots were weighed on a precision balance, and irrigation water was
applied to bring the actual soil moisture in the pot up to field capacity.

Determination of leaf area, leaf width, and leaf length 

After 50 days of sowing, all maize seedlings were harvested from each pot. Leaf area, leaf 
width, and leaf length values for each treatment were determined by image analysis. One 
seedling was randomly selected from each pot, and all its leaves were scanned using a digital 
scanner and processed using Adobe Photoshop Cs6 imaging software. 

Determination of leaf area stress sensitivity index 

Leaf area stress sensitivity index values for each melatonin dose were calculated separately 
according to the following equation; 

0

1 100XS
LASSI x

S
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Where Sx represents the leaf area of 0.27, 2.5, 5.0, and 8.0 dS m-1 treatments, respectively, S0

represents the leaf area of 0.27 dS m-1 treatment. 

Data analysis 

The leaf width, length, and area values of the subjects were evaluated using three and two-
dimensional graphs. The multiple linear regression method was used to create 3D graphs 
(Montgomery, 2020). Design-Expert 13 program was used to create three- and two-
dimensional graphs and Office 365 program was used to draw the leaf area stress sensitivity 
index graph. 

RESULTS AND DISCUSSION 

Leaf width, leaf length, and leaf area 

The leaf width of sweet corn seedlings was found to be significantly influenced by both 
melatonin doses and soil salinity (Fig. 1). As shown in Fig. 1a, the leaf width values ranged 
from 1.2 to 2.5 cm. The lowest values were observed under conditions of 8.0 dS m-1 soil 
salinity without any melatonin treatment. However, as the melatonin doses increased, the leaf 
width of sweet corn seedlings notably improved. Notably, when the melatonin dose reached 

up to 4.13 dS m-1. This could be attributed to the toxic effects caused by seed priming with a 

Leaf width = 2.06 + 0.006 - 0.13 e -0.000022 2 + 0.0054 e
2 + 0.0000071 2

e

R2 = 0.90**

Fig. 1. 3D response surface (a) and contour plot (b) showing the effect of soil salinity and 
melatonin doses on the leaf width of sweet maize seedlings. ECe: soil salinity, D: melatonin 
dose. ** : p<0.01. 

The length of the leaves decreased significantly as the soil salinity increased und
MEL conditions (Fig. 2a, 2b). However, melatonin had a positive impact on the leaf length of 
sweet corn seedlings in the presence of soil salinity. The highest leaf length was observed at a 
soil salinity of 0.27 dS m-1 and a melatonin concentration 
interaction between melatonin and soil salinity was more prominent at a melatonin 

development in sweet corn seedlings under soil salinity stress. These findings demonstrate 

(a) (b) 
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leaf development under salt stress. Additionally, it is worth noting that a concentration of 100 
weet corn seedlings caused by salt stress. 

e e
2 - e

2

2 Ce  R2 = 0.90**

Fig. 2. 3D response surface (a) and contour plot (b) showing the effect of soil salinity and 
melatonin doses on the leaf length of sweet maize seedlings. ECe: soil salinity, D: melatonin 
dose. **: p<0.01. 

Soil salinity and melatonin doses had a significant impact on the leaf area of sweet corn 
seedlings (Fig. 3a, 3b). Increasing soil salinity levels led to a decrease in leaf area (Fig. 3a). 
The highest reductions were observed at 8.0 dS m-1 soil salinity levels for all melatonin doses. 
However, as melatonin doses increased, the leaf area initially increased and then decreased, 

ability of the seedlings, resulting in an increased leaf surface. 

- e - 2
e
2

e
2  R2

= 0.97**

Fig. 3. 3D response surface (a) and contour plot (b) showing the effect of soil salinity and 
melatonin doses on the leaf area of sweet maize seedlings. ECe: soil salinity, D: melatonin 
dose. **: p<0.01. 

Leaf area stress sensitivity index 

(a) (b) 

(a) (b) 

341



The Leaf Area Stress Sensitivity Index (LASSI) measures the plant's ability to enhance leaf 
development under high salt stress conditions. Leaves are crucial organs that capture and 
utilize light energy to produce the necessary metabolites for plant growth. As a result, leaf 
area plays a significant role in promoting plant growth and productivity. When the soil 
salinity increased from 0.27 to 8.0 dS m-1, the LASSI value decreased by 53.6%, 52.1%, 

salinity conditions of 2.5 and 5.0 dS m-1

tolerance in enhancing leaf development in sweet corn seedlings compared to the other 

reduce the degradation of photosynthetic pigments, increase the photosynthetic potential per 
unit area, and enhance leaf surface growth and development. 

Fig. 4. Response of leaf area stress sensitivity index of sweet corn seedlings under different 
soil salinity levels and melatonin doses.  
CONCLUSION 
Under salt stress conditions, pre- melatonin 
significantly improves leaf development and enhances salt stress tolerance during the seedling 
stage. To ensure sustainable sweet corn production in saline agricultural areas, it is 
recommended to pre- before planting. Further 
research should include longer-term field trials to evaluate the effects of different melatonin 
doses and application methods on sweet corn yield, grain quality, and photosynthetic and 
biochemical parameters. 
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COVER CROPS: A SUSTAINABLE APPROACH TO WEED MANAGEMENT 

ORCID ID: https://orcid.org/0000-0003-3558-9823 

ABSTRACT

For decades, agriculture has relied heavily on the use of pesticides and fertilisers to increase 
crop production. Herbicides used for weed control are a very important part of these 
chemicals. However, the over-reliance on these chemical inputs, together with a simplistic 
approach to crop rotation, is currently coming under increasing scrutiny for its detrimental 
effects on both the environment and human health. It has led researchers to look at alternative 
ways of reducing the impact of these harmful chemicals. One of the important alternatives 
that can replace herbicide use for weed control, or reduce the amount of herbicide used, is 
cover crops. The use of cover crops has gained considerable attention in the field of 
sustainable agriculture. Among their many benefits, cover crops offer a promising solution to 
weed management while improving soil health and overall agricultural sustainability. Weed 
suppression by cover crops can be attributed to a number of mechanisms, each contributing to 
their effectiveness in controlling weeds. These mechanisms can be classified as either 
competitive, involving competition for space, water, nutrients and light (similar to a mulching 
effect), or non-competitive, involving allelopathy, reduction of soil temperature and alteration 
of light quality. The diverse range of mechanisms makes cover crops an invaluable tool for 
integrated weed management, applicable to both conventional and organic farming systems. 
Nevertheless, the effectiveness of cover crops in suppressing weeds varies considerably and is 
influenced by several factors. These factors include the type of cover crop used, the timing of 
planting, the density and biomass of the cover crop, the timing of cover crop termination, the 
subsequent cash crop in the rotation and seasonal variations in climatic conditions.  The 
effectiveness of cover crops as a tool for sustainable weed management is considered in this 
review. 

Key Words: Cover crops, Weed management, Sustainable agriculture, Herbicide alternatives, 
Integrated weed management
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ABSTRACT 

Tomato, one of the vegetables grown in the most areas in the world, is a very important 
vegetable with its benefits to human health, its importance in terms of nutritional value, 
employment for producers and contribution to the country's economy through exports. In 
order to increase tomato production and income, it is necessary to obtain more products per 
unit area.  
The aim of this study is to determine the factors affecting tomato income by using the data 
mining method and to determine the usage amounts of these factors to increase tomato 
income.
The data used in the study was obtained from face-to-face surveys from 105 tomato producers 

obtained per decare is defined as the dependent variable, number of irrigation, amount of 
chemical fertilizer, farm manure and pesticide, education level and age of the operator, soil 
analysis and number of seedlings are defined as independent variables. The created model 
was analyzed with the data mining Decision Tree method. According to the Decision Tree 
diagram of the CRT algorithm, irrigation and number of seedlings, amount of chemical 
fertilizer, age and education level of the farmer were determined as independent variables that 
significantly affect tomato income. In order to increase tomato income, more than 1378 
seedlings should be planted per decare, more than 69 kg of chemical fertilizer should be 
applied, and irrigation should be done more than 8 times. In addition, other farmers need to 
get information about growing techniques from trained and experienced producers. As a result 
of the study, it was determined that the data mining decision tree method can be used in 
research on increasing income in crop production. It has been determined that the most 
appropriate amounts of tomato production inputs are not used in the region and in this 
context, producers should pay attention to growing techniques. 
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keler )
1 68341800
2 Hindistan 20694000
3 13000000
4 ABD 10199753
5 6275444
6 6136380
7 Meksika 4207889
8 Brezilya 3809986
9 Nijerya 3684566
10 3651940

Kaynak: FAO, 2022 

yirmi dokuzu

S Verim (kg/da)
1 ika 46688
2 43225
3 Hollanda 42308
4 Danimarka 37967
5 Finlandiya 37856
6 ABD 37449
7 36900
8 36525
9 35689
29 8110

Kaynak: FAO, 2022 

)
1 Antalya 2542322
2 Mersin 854465
3 552505
4 377460
5 Burdur 248151
6 Bitlis 213361
7 Tokat 196030
8 Bursa 165567
9 140241
34 35217
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(14982 kg/da) 

S Verim (kg/da)
1 Antalya 14982
2 Afyonkarahisar 14328
3 Burdur 13436
4 12262
5 Mersin 11552
6 Amasya 10338
7 Erzincan 10232
8 Isparta 8261
9 8051
43 3950

Elde Edilen Gelir (1000 $)
2013 44672 407 18168
2014 47479 364 17260
2015 46537 311 14458
2016 58763 287 16851
2017 29414 256 7521
2018 24763 269 6666
2019 33732 238 8030
2020 33666 206 6947
2021 30009 229 6865
2022 35217 388 13682

Toplam 384252 116446

-

- tes

ikleri geliri 

.
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2010).  

n
N

D
2

%
Merkez 239 55 52.4
Karakoyunlu 217 50 47.6
Toplam 456 105 100

- - 

Domates gelirin -
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$ Kuru
2013 0.77 1.901
2014 0.80 2.188
2015 0.85 2.720
2016 0.87 3.018
2017 0.93 3.643
2018 1.30 4.815
2019 1.35 5.670
2020 1.46 7.080
2021 2.03 8.890
2022 6.44 16.57

Y = Domates Geliri ($) 

X1

X2

X3

X4

X5

X6

X7

X8

X9

Regresyon kara

inin 

Numerik veya kategorik veriler karar a

model gele
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CRT  (Classification and Regression Tree) 
2 (Risk Estimated / S2y) = 64280 / 408953 =0.157 

R2= 1   

olup bu i

geliri elde ederken 12. 

etme 
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ABSTRACT 

Electrospinning is a technique used to produce micrometer and nanometer scale fibers from 
natural and synthetic polymers. The electrospinning technique is conducted in a high-voltage 
electric field at room temperature with atmospheric conditions to obtain a fiber with higher 
surface-to-volume ratio, tunable porosity, and the easily processable structure than traditional 
fibers. Fibers produced by electrospinning are preferred as films for food packaging due to 
their different functional properties. Bioactive films are created by integrating bioactive 
compounds such as polyphenols, vitamins, minerals, omega-3 fatty acids, antioxidants, 
antimicrobial substances, bioactive proteins or peptides, and probiotics with nanofibers using 
the electrospinning technique. Bioactive films are used to improve the quality and safety of 
foods, prevent oxidation, control microbial growth, extend shelf life, improve sensory 
properties, increase nutritional value, and develop various sensors. In this study, it is aimed to 
give information about the use of electrospinning technique to produce bioactive films.

Bioactive films are produced by electrospinning technique using various essential oils 
(cinnamon, mint, thyme, clove, and lavender), plant proteins (zein, soy, gluten, pea) and 
animal proteins (casein, gelatin, keratin, chitosan, egg white) have antibacterial, antifungal 
and antioxidant properties were determined. To preserve the viability of probiotics such as 
Lactobacillus rhamnosus, Lactobacillus acidophilus, Lactobacillus paracasei in production of 
film, parameters of the electrospinning technique have been optimized. The calorimetric films 
containing natural colorants (curcimin, quercetin, phycocyanin) can be obtained by 
electrospinning technique and these films can be used as active and smart food packaging 
materials as pH sensors. 
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Natural polymers have good biocompatibility and biodegradability but poor spinnability. 
Synthetic polymers such as polyvinyl alcohol and polyethylene oxide are generally preferred 
in order to produce high quality films by electrospinning technique. New strategies need to be 
developed to produce high-quality bioactive films using natural polymers. In addition, more 
research is needed on the effectiveness of bioactive films produced by electrospinning method 
on the shelf life of foods. 

Keywords: Electrospinning, bioactive film, nanofibres.
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Meat products that are ready to eat or cook are gaining popularity among consumers, 
according to the present trends in meat consumption. The meat industry is attempting to 
develop novel product formulations that differ from its standard offerings to reduce energy, 
simplify preparation, extend shelf life, enhance flavor, and offer consumers more affordable 
options. Restructuring technology can meet the growing need for this convenience while also 
improving the texture, fat content, binding strength, and form of products. Restructuring is the 
process of utilizing natural proteins to bind or keep small pieces of meat together to produce a 
meat product that resembles roast and steak. During the process for small/trimmed meat 
products of low economic value, binders such as microbial transglutaminase, alginate, salt, or 
phosphate, are utilized to ensure adhesion. The flavor, color, and other functional 
properties of the meat product can be enhanced by adding non-meat ingredients to 
formulations such as dietary fiber, plant-derived antioxidants, non-meat proteins, or lipids, 
etc. Non-meat ingredients in the product formulations not only provide binding effects, but 
can also reduce formulation costs, bind excess water in the structure, and offer consumers a 
way to incorporate beneficial compounds into their regular diet. Walnuts as antioxidants, 
inulin as dietary fiber, olive oil as fat, and proteins like soy and sodium caseinate are 
examples of non-meat ingredients used in restructured meat products. Considering 
environmental, economic, and social factors, this approach provides an optimistic outlook for 
the widespread acceptance of these products in the future.

-

INTRODUCTION 

Meat is a natural food source that is high in nutrients and energy that people use to meet their 
needs. It also provides high-value proteins, omega-3 fatty acids, various fats, minerals, and 
vitamins to a diet, making it a healthy and balanced meal (Arshad, 2018). However, 
consuming excessive amounts of meat and meat products is typically linked to high energy 
and fat intake, raising the risk of obesity and chronic illnesses like type 2 diabetes and 
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Meat products go through numerous processing procedures, the majority of which are 
industrial or household, and this can cause oxidation of proteins and lipids. According to 
recent reports, there is a possibility that the existence of reactions in meat systems could 
impact not only the technological or sensory qualities of meat but also the public's health and 

People are likely to continue to favor animal products since they account for over 60% of total 
lipids, 70% of saturated fats, and 100% of total dietary cholesterol in the industrialized world. 
Therefore, it is essential from a strategic standpoint that animal products be created or altered 
to lower dietary risks and give consumers the chance to include useful components in their 
daily meals (Kumar et al., 2013).  

People tend to prefer foods that are perceived as less processed or more natural in accordance 
with current trends. This inclination is supported by the increasing consumer awareness 
regarding synthetic content and the desire for components obtained more naturally from 
sustainable sources (Inguglia et al., 2023). 

For any food to be called "functional," it must meet three fundamental requirements: It is 
effective in controlling the daily diet, especially in lowering the risk of disease in humans, 
since it is 1) generated from naturally existing components, 2) it can be ingested as part of the 
diet, and 3) it contributes to specific physiological processes (Zhang et al., 2010; Mireles-
Arriaga et al., 2017). Meat products can contribute to excellent matrices for functional foods 
as they are highly nutritious by nature, appeal to a variety of consumer types, and can be made 
into anything from trimmed items to minimally processed products (Grasso et al., 2014).  

-

-

-
(Owusu-Ansah et al., 2022; Rocchetti et al., 2023). 

Functional components that boost a product's customer acceptability should be a part of 
healthier food. Development of affordable and useful meat products is therefore necessary. 
Innovative restructuring technology is one such strategy that offers the benefits of ease of 
preparation and economic production (Sharma et al., 2014). These products are produced at a 
low cost in the meat industry and at the same time, they have become economically preferable 
as well as satisfying consumer demands for healthier alternatives. Their advantages include 
being simple to prepare, being produced using a variety of production methods, having 
sensory properties like increased tenderness, juiciness, and flavor, low fat content, and being 

 (Pearson and Gillet, 1996; Farouk., 2010). In order to produce restructured 
products, myofibrillar proteins are extracted by mixing, tumbling, or massaging that bind 
meat pieces together (adhesion). The meat finally takes on a form that allows it to be sliced 
into small fragments or flakes as the parts bond together to form a cohesive structure 
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In structuring procedures, two distinct, conventional technologies are utilized: hot-set binding 
systems (salt/phosphate technology) and cold-set binding systems (chemical binding). The 
process of making restructured meat products without using heat is known as cold-set binding 
system. It eliminates the requirement for phosphate and salt by using binding agents such as 

023). 

Restructured meat products have many benefits for both consumers and the meat industry, but 
they also have drawbacks such as poor binding, inability to hold onto water in the meat 
structure, lower consumer acceptance due to high levels of saturated fat, and accelerated 
oxidation of proteins and lipids during storage that affect texture and color (Mireles-Arriaga et 
al., 2017; Gupta and Sharma, 2023). Product formulations that use non-meat proteins to 
increase binding strength, improve the fat profile by substituting healthy fats, add dietary fiber 
to retain water in the structure, and supplement with antioxidants to extend shelf life can all be 
used to formulate restructured meat products that fit into the functional product class and 
effectively address current issues.  

understanding of the integration of non-meat ingredients into the restructured meat products 
and their processing methods; not only to be in line with consumer preferences but also to 
guide the development of the technological characteristics of the restructured meat products. 

USE OF NON-MEAT INGREDIENTS IN RESTRUCTURED MEATS

In the design of restructured meat-based functional food products; 
Modern production processes seek to increase product variety,
Optimize formulations,
Improve sensory and technological properties,
Increase storage time by extending shelf life,
Ensure cost-effectiveness and preserve the essential raw material components

(Barsolyuk and 2023).

All of these variables must be carefully considered while developing restructured meat 
products. Specifically, when using ingredients such as salt and synthetic antioxidants, it is 
necessary to evaluate the possible negative consequences of these synthetic components. In 
this context, to meet consumer desires and develop health-focused products, emphasis is 
placed on the use of natural and healthy alternatives that can mitigate these negative effects, 
such as dietary fibers, antioxidants, and non-meat proteins. This strategic approach is critical 
for improving the techno-functional qualities of restructured meat products and meeting the 
needs of health-conscious consumers. 
DIETARY FIBER

Dietary fiber is utilized in the preparation of meat products due to its ability to retain water, 
reduce cooking loss, and provide a neutral flavor. Dietary fibers isolated from various plants 
exhibit a variety of functional properties, including solubility, viscosity, gel-forming ability, 
water binding capacity, fat adsorption capacity, and mineral and organic molecule binding 
capacity, all of which play an important role in determining the overall quality and 
characteristics of meat products (Tungland and Meyer, 2002; Biswas et al., 2011). 

Dietary fiber can bind water by a variety of processes, including polar and hydrophobic 
interactions, hydrogen bonding, and enclosure. These interactions can cause substantial 
changes in the surrounding water, changing its structure and solvation properties (Chaplin, 
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2003). In addition, the fiber serves as an extender, binder, and fat substitute in the production 
of different meat products, which lowers the cost of the formulation (Mehta et al., 2015). The 
incorporation of new substances capable of causing chemical or structural changes, such as 
carbohydrates, can have an even greater impact on the stability of quality parameters 
(Cifuentes-Galindres et al., 2024).  

Table 1 lists restructured meats that have been enhanced with dietary fiber and prepared for 
various uses. The incorporation of different sources of dietary fiber into restructured meat 
products has shown variable outcomes in relation to multiple aspects like water activity, shear 
strength, oxidation levels, water retention capacity, and shelf life. These potential benefits 
could enhance the physicochemical and sensory characteristics of the products while also 
enhancing their nutritional value (Table 1).

Table 1. Recent studies on restructured meat products using dietary fiber. 

Product Fiber Impact References

Restructured 
goat meat

Chitosan 
and inulin

The addition of dietary
fibers had no effect on water
activity.

Chitosan and inulin-
containing samples showed
significantly lower shear force
values.

Inulin and chitosan did
not significantly impact the 
sensory qualities.

(Gadekar et 
al., 2017)

Restructured 
ham-like

Chia seed

Decrease in lipid and
protein oxidation.

Enhances not only
physicochemical and sensory
characteristics but also adds
nutritional value to
restructured ham-like
products.

(Ding et al., 
2018)

Restructured 
buffalo meat

Barley and 
maize pea 

hull powder 
and wheat 

bran

Improved water-
holding capacity in functional
product.

Can be safely stored in
the refrigerator for at least 21
days in aerobic conditions.

(Ahmad et 
al., 2021)

Restructured 
meat loaf

Apple, pea, 
and oat fiber 

and inulin

All dietary fibers
reduced cooking loss and
increased the retention of
water capacity in meat loaves
throughout their shelf life.

The malonaldehyde
contents for all treatments

that this prevented rancid
perception even if the TBARS

(Ribeiro et 
al., 2023)

378



values for the apple fiber and 
pea fiber treatments increased.

Restructured 
beef steaks

Digestion-
resistant 

maltodextrin

Decreasing lipid
oxidation as the content of
fiber increases.

In line with the rise in
dietary fiber, contributing to
daily reference values.

(Cifuentes-
Galindres et 

al., 2024)

NON-MEAT PROTEINS 

Many researchers have been involved in the development and utilization of restructured meat 
products, and they typically note that binding is a major concern (Sharma et al., 2014). 
Proteins obtained from diverse plant and animal sources possess potential value as binders in
meat products that have undergone restructuring (Hong et al., 2006). Non-meat proteins can 
be incorporated into restructured meat products by combining plant or animal-based 
components with certain properties such as gelling ability and water retention. This results in 
products with better texture and nutritional value. 

Non-meat proteins bind and hold water molecules, particularly since they are hydrophilic 
(water-soluble), increasing the products' water-holding capacity and improving texture (Day 
et al., 2022). Plant proteins are extensively used in a variety of foods, mostly due to their 
nutritional value and their ability to function both physiologically and technologically. 
Various protein sources such as those from peas, rice, lentils, and pumpkin seeds, among 
others are becoming more and more popular. They are generally free of allergens and genetic 
alteration, are considered to be more environmentally friendly than soy, and can be processed 
to have a clean label, plant proteins such as those from peas, rice, lentils, and pumpkin 
seeds, among others are becoming more and more popular (Baugreet et al., 2018b; Patel et 
al., 2023). 

Improved fat binding, textural qualities, and stability (reduced processing shrinkage and 
cooking losses) of cooked meats are achieved with the inclusion of milk protein components, 
particularly whey protein. Utilizing these exogenous proteins in restructured products can 
increase yield while enhancing binding strength, firmness, and sliceability (Dutra et al., 2012). 

Table 2 shows that various protein sources can significantly improve the stability, nutritional 
value, and quality of meat products that have been restructured. Numerous benefits have been 
identified by studies looking at how various protein sources affect restructured meat products. 
Sources of protein include texturized soy protein, rice protein, lentil flour, pea protein isolate, 
and whey protein concentrate. Stronger bonds can form, product yields can increase, and 
sensory qualities can be enhanced by increasing the amount of commercial binders 
(transglutaminase, fibrinogen etc.) and protein content, according to these studies.  
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Table 2. Recent studies on restructured meat products using non-meat proteins. 

Product Protein Impact References

Increased protein 
content.

Higher binding 
ability.

ANTIOXIDANT 

Lipid oxidation and color instability are major problems with restructured meat products that 
are the main obstacle to consumer acceptability (Sun, 2009). Restructuring has the potential to 
seriously disrupt the structure of cellular disruption, which makes it easier for prooxidants and 
unsaturated fatty acids to come into contact, producing free radicals and accelerating the 
oxidative reaction (Kerry et al., 2002).  

Lipid and protein oxidation is the main reason of deterioration in restructured meat products. 
It is caused by compositional changes brought about by the presence of air, salts, and non-
meat ingredients. Antioxidants and oxygen access restrictions are the most widely used 

hen added to 
food, antioxidants aid to prevent or delay lipid oxidation, which reduces rancidity, delays the 
production of toxic oxidation products, preserves nutritional value, and extends the shelf life 
of food products (Haskar Reddy et al., 2015). 

The substantial phenolic content in novel antioxidants especially those sourced from natural 
sources of plant origin makes them an excellent substitute for synthetic antioxidants, which 
is why restructured products favor them and maintain the clean label concept. The use of 
natural antioxidants in restructured meat products provides valuable information on the 
potential to enhance shelf life without increasing undesirable oxidative changes. The results in 
the table indicate that adding natural antioxidants to restructured meats could be a promising 
method (Table 3).
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Table 3. Recent studies on restructured meat products using antioxidants. 

Product Antioxidant Impact References

Restructured 
beef steak

Walnuts

Walnuts added to the
restructured product's level -
tocopherol, - -
tocopherol, which boosted its
antioxidant effect.

(Serrano et al., 
2006)

Restructured 
buffalo meat 

steaks

Mousambi
peel powder 

and amla 
powder

As storage times 
prolonged TBARS values 
increased, but at the end of 
storage, they stayed below the 
threshold of 1 mg 
malonaldehyde/kg.

(Kandeepan et 
al., 2015).

Restructured 
tilapia 

products

Achachairu 
fruit

Restructured
spent hen 

meat nuggets

Chia 
mucilage-

based edible 
film

Mucilage-based edible
film did not prevent or delay the
oxidation of nuggets but at the
end of storage, they stayed below
the threshold of 1 mg
malonaldehyde/kg.

2023)

CONCLUSIONS 

Studies emphasize the need of strategically using plant and animal-derived ingredients, as 
well as including antioxidants, dietary fiber, and non-meat proteins into the manufacture of 
functional meat products. This technique has the potential to increase the techno-functional 
features of functional meat products while also providing health-conscious consumers with 
antioxidant-supplemented options that are high in dietary fiber and non-meat protein. While 
non-meat ingredients are frequently discarded as food waste after processing, they are 
increasingly helping to promote sustainability when included into functional meat products. It 
can also give consumers with superior cost-effective meat product alternatives by supplying a 
broader spectrum of nutrients than conventional meat products. Future research should 
investigate the use of the previously mentioned non-meat ingredients in various meat 
products, particularly beef, pork, chicken, and fish, to determine the appropriate formulation 
for improving their technological and sensory properties, as well as increasing their 
digestibility and nutritional value. 
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ABSTRACT 

It has been determined by various studies that soil-borne beneficial microorganisms that 
promote plant growth increase plant productivity, protect the plant against pathogenic 
organisms and provide direct or plant-mediated defenses against herbivorous. In this study, it 
was aimed to determine the effect of some beneficial fungal agents on the table parameters of 
Myzus persicae (Hemiptera: Aphididae) mediated by pepper plant. In the experiments carried 

, the roots 
of pepper seedlings were treated with a mixture of Tricoderma harzianum and various 

develop in pots. After the plants developed for 4-6 weeks, the growth, reproduction and 
viability rate of M. persicae in leaf cage cells were determined on these plants. According to 
these data, age and period-specific life history parameters of the pest were calculated. 
According to the results of the analysis, the intrinsic rate of increase (r) (0.3291 and 0.3135 
day-1) and the finite rate of increase ( ) (1.3898 and 1. 3686 day-1) were statistically higher 
and the development time (6.47 and 7.00 days) was shorter, while the mean generation time 
(T) (12.86 and 13.42 days), net reproductive rate (R0) (68.98 and 67.10 female/females/day)
and adult life time (40.00 and 41.80 days) were found to be insignificance. According to the
results of this study, it was determined that the mixture of beneficial T. harzianum and various
mycorrhizal agents promoted the population dynamics of M. persicae compared to the control
group. In the control studies to be carried out for this pest, the positive effects of using these
beneficial microorganisms together in terms of plant health and their negative effects due to
their pest population increasing effects should be taken into consideration. Additional studies
should be carried out to further investigate the effects of the use of these microorganisms
individually on plant health and the pest.

Keywords: Age and stage-specific life table, mix of Mycorrhiza+Trichoderma harzianum,
Myzus persicae, pepper plant
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INTRODUCTION 

The green peach aphid, Myzus persicae (Hemiptera: Aphididae) is a pest that feeds on 
different parts of plants by sucking plant tissue and causing significant crop loss. It also 
causes secondary damage by causing fumagin and acting as a vector for viruses. Myzus 
persicae is a phytophagous pest that can feed on more than 400 host plants in more than 40 
families. This pest, which is distributed in different parts of the world, has been reported to 

possible to see the damage of this phytophagous pest in pepper production areas. Pepper is a 
plant of the Capsicum genus that can be consumed in many different ways in human nutrition, 
has high nutritional properties and therefore has commercial importance. While pepper 
production in the world exceeds 36 million tons (FAO, 2024), more than 3 million tons of 

Resistance development problems are encountered due to the excessive and irregular use of 
chemical control, which is one of the first methods used in the control against M. persicae 
(Ali ve ark., 2023). In order to re-establish the disturbed natural balance, importance should 
be given to the use of sustainable control strategies such as integrated pest management. One 
of these strategies is to induce the resistance mechanisms in plants by making them healthier 
and stronger. They are Arbuscular Mycorrhizal Fungi and Trichoderma spp., which make 
significant contributions to plant development by colonization on the roots of plants and 
establishing symbiotic relationships with them. It has been determined that these fungi 
colonization on the roots of plants in the rhizosphere layer and improve the morphological 
and physiological characteristics of plants by helping plants to properly uptake macro and 
micro nutrients (Van Loon, 2007; Bhantana et al., 2021). 

After Arbuscular Mycorrhizal Fungi (AMF) and Trichoderma spp. colonization in the plant 
roots, hormonal changes occur within the plant (Jafarbeigi et al., 2020). After these changes, 
the defense system in the plant's own memory is induce and becomes ready for the attack of 
pathogens and herbivores (Van Wees et al., 2008; El-Maraghy et al., 2021; Van Dijk, 2021). 
When the plant is attacked by herbivores, it goes into a state called priming (Pineda et al., 
2010). Priming in plants is the rapid formation of a defensive response in the plant against 
external attacks (Aranega-Bou et al., 2014). It has been demonstrated in various studies that 
insects with biting-chewing mouthparts are negatively affected by the priming situation in the 
plant (Roger et al., 2013). The situation may sometimes differ in aphids with stinging-sucking 
mouthparts that feed on plant phloem. It has been reported that the number of aphids feeding 
on plants with beneficial microorganisms settled in their roots increased compared to the 
control plant (Eichholtzer et al., 2021; Ueda et al., 2013). In a different study, it was stated 
that AMF applied to plants for two different aphid populations had positive results in one of 

al., 2021), while another study 
reported that the developmental and reproductive performances of aphids fed on AMF-applied 

In this study, the reproductive and growth performances of some plant growth-promoting 
microorganisms [Tricoderma harzianum and Mycorrhizal mixture (Glomus spp.)] against 
pepper plant-mediated M. persicae were investigated. The age-stage specific two-sex life table 
program was utilized to calculate raw data concerning to insect populations in the preparation 
of life tables. 
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MATERIALS AND METHODS 

Pepper plant and aphid culture 

Tohum, Antalya) green pepper variety. Pepper plants obtained as seedlings were planted in 
approximately 4 liter pots in a peat: perlite mixture (2:1). Approximately 7-8 weeks were 
waited for the plants to reach a size where the experiment could be started. Myzus persicae 

nt Protection, Entomology 
laboratories. In order to break the varietal effect of aphids taken from the stock culture, they 
were allowed to feed on new plants for 3-4 generations. The experiments were carried out in a 

RH and 16:8 hours light: dark conditions. 

Microorganisims 

20 ml solutions were prepared from Trichoderma harzianum (1x108 spores/ml) obtained from 

Mycorrhiza (Glomus spp.) (1x105 propagules/50 g) prepared by Shubhodaya (India) 
company. After the roots of the seedlings were immersed in these prepared solutions and the 
microorganisms were allowed to penetrate the roots, the seedling planting was completed. 
Care was taken to wait at least 4-6 weeks for the microorganisms to settle in the roots. 

Life table study 

The experiment was initiated by transferring newly hatched nymphs onto plants that had 
reached sufficient size (10-12 leaves). The transferred nymphs were placed inside leaf 
chambers providing a controlled environment, with dimensions of 2 cm in diameter and 2 cm 
in height. These chambers were constructed with one end covered with mesh and the other 
end in contact with the leaf, sealed with a bottom lid, thereby allowing for the feeding of 
aphid within. In the experiment, which was set up with 40 repetitions for control and 
microorganism application, the development and survival data of each individual were 
checked and recorded daily. 

Life table analysis 

Life table data were calculated according to the age-stage, two-sex life table theory (Chi and 
Liu, 1985; Chi, 1988) using the TWOSEX-MSChart computer program (Chi, 2024). Age-
stage specific survival rate (sxj; where x= age and j= stage) the age-specific survival rate (lx),
and the age-specific fecundity (mx), as well as the population parameters (the intrinsic rate of 

(T) were estimated accordingly. All these calculations were made according to the equations 
given in Table 1. 

Population projection 

TIMING-MSChart 

The projection of population growth in plants treated with microorganisms compared to 
control plants was calculated using the TIMING-MSChart computer program according to the 
model developed by Chi (1990) (Chi, 2023). This calculation simulates the population 
structure that the initial population, started with 10 newborn nymphs, can reach after 60 days. 
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RESULTS 

Development duration, survival, longevity, and fecundity of Myzus persicae 

Development, reproduction and survival rate of M. persicae individuals fed on pepper plants 
with and without microorganism application to their roots are given in Table 2. It was 
determined that the development period of M. persicae individuals fed on plants treated with 
beneficial microorganisms was shorter than that of control plants (P<0.05). While there was 
no difference in the survival time of adult individuals, the total pre-reproductive period was 
calculated to be shorter in microorganism application (P <0.05). When the reproductive 
values were examined, it was found that there was no difference in the productivity value, but 
in terms of the number of productivity days, the number of days in which individuals fed on 
plants treated with microorganisms gave birth to live individuals was found to be longer 
compared to the control (P < 0.05). It was observed that all individuals in both groups 
completed the development period and entered the adult stage (Table 2). 

The age-stage- xj) is presented in Fig. 1. Due to the variable rate of 
development that occurs between individuals, a significant overlap in sxj curves can be 

Oviposition 
-specific fecundity (mx) and net

maternity (lxmx) reached the maximum level at age 

Reproductive activity of Myzus persicae started on the 5th and 6th days in the control and 
microorganism groups, respectively. Then, age-specific reproductive ability (mx) and net 
reproductive ability (lxmx) reached the highest level on the 8th day (control) and 12th day 
(microorganism) and then started to decrease gradually and reproductive ability ended on the 
49th day in both groups (Fig. 2).

Life table parameters of Myzus persicae 

ite rate of increase ( ), the net reproductive rate (R0), and mean 
generation time (T) are listed in Table 2. The intrinsic rate of increase (r) (0.3291 and 0.3135 
day-1) and the finite rate of increase ( ) (1.3898 and 1. 3686 day-1) were statistically higher, 
while the mean generation time (T) (12.86 and 13.42 days), net reproductive rate (R0) (68.98 
and 67.10 female/females/day) were found to be insignificance. 

Life expectancy and reproductive value 

The age-stage- xj) (Fig. 3) showed that the shortest life expectancy of 
a newborn was observed in the microorganisim treatment (e01 = 46.48 d), whereas the longest 
e01 was observed in the control (48.80 d). The highest value of vxj in the microorganisim 
treatment and control was observed at age 7 and 8 days, respectively (Fig. 4). 

Population projection of Myzus persicae 

The dynamics of the projected population and stage structure of M. persicae under 
microorganisms and control treatments is shown in Fig. 5. The population structure that the 
population, initially started with 10 I. nymph instars, can reach after 45 days is simulated. 
Accordingly, the population size reached by the aphids feeding on the plants where 
microorganism application was made (total of all periods) was determined as 9895276, while 
the population size reached by the control group was determined as 4646236. 
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DISCUSSION and CONCLUSION 

At the end of the study, the microorganism complex, consisting of a mixture of Trichoderma 
harzianum and Mikoriza, was found to be effective in increasing the population parameters of 
Myzus persicae mediated by pepper plant.

Arbuscular mycorrhizal fungi (AMF) play a crucial role in plant biology by forming 
symbiotic relationships with over 80% of terrestrial plant species (Devi et al., 2021). These 
fungi have been shown to have various effects on plants, including improving mineral and 
nutrient absorption, enhancing plant tolerance to adverse conditions, and influencing soil 
structure (Pratama et al., 2021). The presence of arbuscular mycorrhizal fungi (AMF) can lead 
to systemic effects in plants, even though the fungi are restricted to the roots, and can also 
impact primary metabolites in plant exudates, affecting interactions with other organisms like 
aphids (Stallmann & Schweiger, 2021). In the context of Myzus persicae, research has 
indicated that AMF can have both direct and indirect effects on aphids. For instance, 
interactions between AMF and foliar-feeding insects in Plantago lanceolata have shown that 
mycorrhizal plants exhibited changes in carbon/nutrient balance, leading to increased levels of 
carbon-based feeding deterrents. Interestingly, the response of Myzus persicae to mycorrhizal 
plants differed from that of other insects, with the aphid's performance being greater on 
mycorrhizal plants (Gange & West, 1994). Furthermore, positive effects of AMF on aphid 
growth have been observed under certain phosphorus levels, suggesting a nuanced 
relationship between AMF and aphids influenced by nutrient availability (Gange et al., 1999). 

Trichoderma harzianum, a well-known biocontrol agent, directly interacts with plant roots, 
enhancing growth, disease resistance, and stress tolerance through physiological and defense 
modifications, potentially impacting interactions with other organisms like aphids (Hermosa 
et al., 2012). Studies have indicated that T. harzianum can have antagonistic effects on 
various plant pathogens, which may indirectly impact the biology of aphids like M. persicae 
(Hasan et al., 2012). Furthermore, the use of T. harzianum has been associated with positive 
effects on plant growth and defense responses, which could potentially influence the biology 
of aphids (Pereira et al., 2014). 

Several studies show that the combination of Arbuscular mycorrhizal fungi (AMF) and T. 
harzianum has positive effects on plant growth and pest populations. For example, Poveda et 
al. (2019) demonstrated that T. harzianum can promote growth and development in 
Brassicaceae plants and stimulate systemic defenses, indicating that the application of T. 
harzianum in combination with AMF could potentially enhance plant growth and defense 
mechanisms, indirectly impacting pest populations. Nzanza et al. (2012) found that the 
inoculation of tomato plants with T. harzianum and AMF improved plant growth and 
development, likely due to the production of stimulatory compounds and enhanced mineral 
nutrient availability. 

However, in this study, it was found that the mixture of AMF and T. harzianum positively 
affected the population parameters of M. persicae. Studies have shown that T. harzianum and 
AMF can individually promote plant growth and development (Shoresh & Harman, 2008; 
Poveda et al., 2019). The combined application of these beneficial microbes may lead to 
synergistic effects on plant growth, resulting in healthier and more robust plants. This 
enhanced plant vigor could indirectly influence pest populations by creating a less favorable 
environment for pests. Trichoderma harzianum is known for its ability to stimulate systemic 
plant defenses (Poveda et al., 2019). By enhancing the plant's defense responses, including the 
production of defense-related compounds, the combination of Trichoderma and AMF may 
confer increased resistance to pests like Myzus persicae. Changes in the microbial community 
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structure may indirectly affect pest populations by altering the availability of resources or 
creating conditions less conducive to pest proliferation. These and other possible reasons may 
have caused the microorganism complex used in this study to increase the population 
dynamics of M. persicae. Of course, it is not realistic to conclude from the results of this study 
that the microorganism complex increased the pest population. More extensive research 
should be done on the reasons for this situation. 
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Table 1. Population parameters, their definitions, and equations used in their calculations

Parameter Definition and equations

sxj

The probability that a newly hatched larvae will survive to age x and 

stage j (Chi & Liu, 1985). It can be calculated as where nxj is the 

number of individuals survive to age x and stage j, n01 is the number of 
newly hatched larvae used at the beginning of life table study (Chang et 
al., 2016).

mx

The mean number of eggs produced by individuals at age x. It is 

calculated as , where m is the number of stages

(Chi & Liu, 1985).

r

The population growth rate as time approaches infinity and the 
population reaches the stable age-stage distribution (SASD). The 
population size will increase at the rate of er per time unit. It is calculated 
by using the Euler-Lotka equation with age indexed from 0 (Chi & Liu, 

1985; Goodman, 1982):

infinity and the population reaches the stable age-stage distribution. The 

R0

The total number of offspring that an average individual (including 
females, males, and those died in immature stage) can produce during its 

lifetime (Chi & Liu, 1985). It is calculated as 

T

It is the period that a population requires to increase to R0-fold of its size 
as time approaches infinity and the population settles down to a stable 

age-stage distribution. 
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Table 2. Developmental times, longevity, reproductive period and fecundity of M. persicae on 
pepper plant with control and microorganism treatments. 

Control Microorganisims
n n

Nymph 1 40 40
Nymph 2 40 40
Nymph 3 40 40
Nymph 4 40 40
Preadult duration (d) 40 40
Adult longevity (d) 40 40
Total Pre-ovisition Period 
(d)

40 40

Fecundity (F) 
(nymph/female)

40 40

Reproductive-days (d) 40 40
Survival rate 40 %100 %100

Table 3. Population parameters of M. persicae on pepper plant with control and 
microorganism treatments. 

Control Microorganisims
n n

Intrinsic rate of increase (r) (day-1) 40 40
-1) 40 40

Net reproductive rate (R0)
(offspring/individual)

40 40

The mean generation time (T) (d) 40 40

Figure 1. The age-stage specific survival rate (sxj) of M. persicae on pepper plant with control 
and microorganisms treatments.
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Figure 2. The age-specific survival rate (lx), the age-specific fecundity (mx), and the age-
specific maternity (lxmx) of M. persicae on pepper plant with control and microorganisms 
treatments. 

Figure 3. Age-stage specific life expectancy (exj) of M. persicae on pepper plant with control 
and microorganisms treatments.

Figure 4. Age-stage specific reproductive value (vxj) of M. persicae on pepper plant with 
control and microorganisms treatments. 

394



Figure 5. Population projection of M. persicae on pepper plant with control and 
microorganisms treatments. 
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ABSTRACT

This study aimed to determine the total polyphenol content and antioxidant capacity of 
arugula [via Ferric Reducing Antioxidant Power (FRAP), 2, 2-diphenyl-1-picrylhydrazyl 
(DPPH radical point) and Folin-Ciocalteu Reagent (FCR) for total polyphenols] under deficit 
irrigation conditions. 

-
-

. At the end of the study, it was determined that the decrease in the applied irrigation 
water negatively affected the total antioxidant content and phenol capacity of arugula leaf 
extracts. Similarly, total antioxidant capacity and polyphenol content decreased with 
increasing biochar dosage. Total polyphenol content ranged between 15.25-46.54 mg GAE/g, 
total antioxidant capacity by FRAP ranged between 25.14-
scavenging activity ranged between 71.68-80.53%. 

Keywords: 

-

Phasinam et 
al., 2022)
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-

-

Phenolic substances are secondary metabolites found in the structures of plants and help 
protect the plant by being produced in case of any external stress. These phenolic compounds 
found in plants are divided into two groups phenolic acids and flavonoids. Phenolic 
substances are also substances that are effective in the formation of the special taste and odor 
of fruits or vegetables. Some of the groups contained in flavonoids are responsible for the 

and Nas, 2010; Cakmakci et al., 2022). 

Antioxidant enzymes can be activated due to the increase in the appearance of ROS in plant 
cells due to adverse environmental factors and this helps the plant to adapt to changing 
environmental conditions (Guzel et al., 2018). Therefore, the increase in antioxidant enzyme 
activities of anise against drought and salinity may be an important indicator of tolerance to 
toxicity. Although ROS are formed in cells as a result of normal metabolism, their production 
and accumulation increase when the plant is exposed to stress. To control the amount of ROS 
under both normal and stress conditions and to protect cells from the negative effects of ROS, 
plants have an antioxidant defense system consisting of both enzymatic and non-enzymatic 
components. The synthesis and accumulation of polyphenols in plants is a response to abiotic 
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Experimental area and climate 

The study was conducted in October-December 2023 in the controlled plant growth room of 

Illumination was provided during the experiment as dark/day hours (14/10). Average daily 
temperature and relative humidity measured inside the plant growth chamber (recorded hourly 
with an automatic weather station (HOBO, Campbell Scientific INC., USA) (Figure 1). 

Figure 1. Temperature and humidity content of the plant growth cabinet 

Plant, soil, and biochar material  

In this study, the standard arugula (Eruca vesicaria spp.) variety was used as plant material. 
Arugula is a cool climate vegetable and shows optimum growth at temperatures between 15-

was obtained from a commercial company. Biochar is produced from willow tree residues. 
Biochar pH, total N, soil organic carbon, and cation exchange capacity values were 
determined as 7.95, 1.35%, 87.6 and 27.93 cmol kg-1, respectively. The texture of the test soil 
is in the clay loam class, characterized by 40.7% sand, 33.2% clay, and 26.1% silt, and the 
bulk density of the soil is 1.32 g cm-3. 

Experimental design and applications 

This study was carried out by applying three irrigation levels (I0: 100% full irrigation, I1: 
25% deficit irrigation, I2: 50% deficit irrigation) and four biochar amendment (B0; control no 
biochar-0%, B1; 1% biochar, B2; 2% biochar and B4: 4%, w/w biochar) with three replicates 
in total of 36 pots as randomized plot design.  

Experiment setup 

The soil material used in the experiment was first kept until it became air dry. The soil was 
cleaned from foreign materials and clods were broken up. After obtaining a homogeneous 
structure, the soil was sieved through a 4 mm sieve. The sieved soils were weighed into 4-liter 
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pots depending on the biochar treatments (Figure 2), mixed homogeneously, filled and made 
ready for seed sowing. Firstly, 20-25 seeds were planted in each pot, and then thinning was 
carried out to leave 15 plants. When the plant has 4-5 true leaves, deficit irrigation 
applications are beginning. Before the planned irrigations, water was applied to all pots up to 
the field capacity (pot capacity). The amount of irrigation water to be applied to each pot was 
calculated based on the volume of moisture content in the pots using a portable moisture 
meter (HD2 Moisture Meter, WET Sensor, Delta-T Devices, Cambridge, UK) (Figure 3). The 
moisture content of the pots was checked every day and irrigation was carried out when it was 
determined that the available moisture levels decreased by 40%. 

Figure 2. Soil and biochar weighing 

Figure 3. Use of HD2 in irrigation water application 

Extract preparation 

Three grams of fresh plant leaves were homogenized in 50 ml tubes with 10 ml of methanol. 
-15 hours, then centrifuged at 7000 rpm

-20
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a. b. c.

Figure 4. Plant harvesting (a), weighing of samples (b), homogenization (c) 

Determination of total polyphenolic content 

The Folin-Ciocalteu method (Swain and Hillis, 1959) was used to determine the total phenolic 

Folin-
Samples were vortexed for 30- of 20% Na2CO3 was added to the 
mixture. After incubating the samples at room temperature for 30 minutes, the absorbance 

-Vis, Thermo
Scientific, USA) at a wavelength of 725 nm. The standard curve was constructed using gallic 
acid standard solution (5-200 mg L-1, R2 = 0.9985) following the above procedure. Results 
were expressed as g GAE (gallic acid equivalent) kg -1 (Pirbalouti et al., 2015). 

Determination of Ferric Reducing Antioxidant Power (FRAP) 

FRAP analysis was performed according to the procedure of Benzie and Strain (1996). For 
analysis, FRAP reagent solution (TPTZ (tripyridyltriazine) and FeCl3 (Ferric chloride) and 

-40 seconds. Samples were
incubated in the dark and at room conditions for 30 minutes. The absorbance value was 
measured with a spectrophotometer at a wavelength of 593 nm. The standard curve was 
constructed using Trolox (25- 2 = 0.997) standard solution following the above 
procedure. Results were expressed as mmol TR (Trolox) kg -1 according to TEAC (Trolox 
Equivalent Antioxidant Capacity). 

1,1-diphenyl-2-picrylhyradrazyl (DPPH) Assay 

For Radical scavenging activity in plant extracts, 0.01mM DPPH solution was prepared with 
methonol. Leaf extracts and DPPH solution (400 UL: 3600 UL) were mixed and incubated at 
25 C for 60 minutes. The absorbance value of the sample extract was measured at a 
wavelength of 517 nm with a spectrophotometer (AE). As control sample (AC), DPPH 
solution and distilled water were used and absorbance value was measured. Radical 
scavenging activity was calculated according to the formula given below: 
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% Inhibition = [(AC -AE)/AC] x 100 

AC : Absorbance of the control 
AE : Absorbance of plant extract 
where AC is the control absorbance and AE is the absorbance value of the sample. 

Statistical analysis 

All data were analyzed with IBM SPSS Statistics version 21.0. One-way analysis of variance 
(One-way ANOVA) was performed for data comparison, and Duncan multiple comparison 
test was used to determine the differences between groups (Duncan, 1955). 

RESULTS and DISCUSSION 

In this study, changes in total polyphenol and antioxidant capacity of arugula plants were 
investigated by biochar application under limited irrigation conditions. Arugula is widely used 
in folk remedies and is well-known as a treatment for kidney diseases. It is a horticulture crop 
that is considered very beneficial for human health thanks to its high content of glycosides, 
mineral salts, and vitamin C.  

The effect of deficit irrigation and biochar applications on total polyphenol content was found 
to be significant (p<0.01). Considering the means, increasing deficit irrigation stress 
decreased the total polyphenol content in arugula plants. Total polyphenol content was 
determined to be highest in the full irrigation (I0) application. When the means of biochar 
applications are examined, the lowest total polyphenol content was determined in the highest 
biochar application (B4). However, when the values in the highest deficit irrigation 
application (I2) were checked, it was seen that all biochar applications were statistically in the 
same group (Table 1).  

Table 1. Effect of deficit irrigation and biochar application to total polyphenol compound. 
Treatments B0 B1 B2 B3 Mean
I0

a** ab bc
39.75 A

I1 25.59 B
I2 27.19 B
Mean 36.44 A 32.14 B 31.01 B 23.79 C

PI 0.000
PB 0.000
PI*B 0.001
I0: 100% full irrigation, I1: 25% deficit irrigation, I2: 50% deficit irrigation, B0; control no 
biochar-0%,  
B1; 1% biochar, B2; 2% biochar and B4: 4%, w/w biochar. **There were significant 
differences among the different 
comparison test. 

In the study, total polyphenol content was determined in full irrigation water application (I0) 
and no biochar application (B0). Total polyphenol content decreased with decreasing 
irrigation water. Similarly, as biochar content increased, polyphenol content decreased under 
full irrigation conditions. However, in B2 (50%) treatment with water restriction, folin content 
increased in B1 and B2 treatments compared to the control treatment. It is thought that the 
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high surface area of the biochar is the reason for the favorable results of biochar application 
under restricted conditions. With biochar, a little water retention was achieved in the soil and 
the plant was less exposed to water stress. Birgin (2021) reported that limited applications in 
tomato plants caused differences in the number of phenolic substances in the plant. In contrast 
to our study, Toscano et al. (2019) reported that phenolic compounds in broccoli under 
drought stress were high and the reason for this increase was water stress due to the increase 
in temperatures due to evaporation and transpiration in the plant. These differences may be 
due to research in different climatic conditions and plants. 

Deficit irrigation practices negatively affected the Ferric Reducing Antioxidant Power 
(FRAP) value. When the means of irrigation applications are examined, it is seen that the I0 
application has the highest FRAP value. On the other hand, in biochar means, the highest 
FRAP values were determined in the control and 1% biochar applications. When the values in 
the 50% deficit irrigation application (I2) were checked, it was seen that biochar applications 
had either higher or the same level of FRAP value compared to the B0 application. It was 
determined that B1 and B2 applications increased the FRAP value by approximately 5% 
compared to the control group (Table 2). 

Table 2. Effect of deficit irrigation and biochar application to Ferric Reducing Antioxidant 
Power 
Treatments B0 B1 B2 B3 Mean
I0

a** ab
59.56 A

I1
cd cd

41.25 B

I2
cd cd

43.20 B

Mean 54.84 A 53.14 A 47.27 B 36.76 C

PI 0.000
PB 0.000
PI*B 0.000
I0: 100% full irrigation, I1: 25% deficit irrigation, I2: 50% deficit irrigation, B0; control no 
biochar-0%,  
B1; 1% biochar, B2; 2% biochar and B4: 4%, w/w biochar. **There were significant 

comparison test. 

Antioxidant content was highest in full irrigation conditions (Table 2). It showed a decrease in 
curtailment. When Table 2 is examined, the differences in antioxidant content between full 
irrigation and deficit irrigation treatments were found to be high (in B0 treatment, the 
difference between I0 and I2). However, with the increase in biochar dose, the differences in 
antioxidant content decreased in plants under water shortage conditions (B1 treatment, 
difference between I0 and I2). The difference between I0 and I3 was determined at the lowest 
level, especially in the B4 treatment, where the highest biochar dose was applied. When the 
results were compared, it was observed that biochar application decreased the changes in the 
antioxidant content of the plant. These decreases may be due to the high-water retention 
capacity of the biochar material. 

The effect of deficit irrigation and biochar applications on radical scavenging activity (DPPH) 
was found to be significant (p<0.01). Control irrigation application has the highest radical 
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screening activity. Increasing deficit irrigation practices negatively affected DPPH activity. In 
biochar applications, the lowest DPPH activity was detected in 4% of biochar applications. 
However, when the values obtained in 50% deficit irrigation applications were examined, it 
was seen that DPPH activity increased with increasing biochar doses (Table 3). 

Table 3. Effect of deficit irrigation and biochar application to Radical scavenging activity 
Treatment
s

B0 B1 B2 B3 Mean

I0
a** bcd bc

76,99 A

I1
bcd

72,79 B

I2 71,24 C
Mean 74,73 A 74,93 A 73,65 A 71,39 B
PI 0.000
PB 0.000
PI*B 0.000
I0: 100% full irrigation, I1: 25% deficit irrigation, I2: 50% deficit irrigation, B0; control no 
biochar-0%,  
B1; 1% biochar, B2; 2% biochar and B4: 4%, w/w biochar. **There were significant 
differences among the different 
comparison test. 

The results of DPPH free radicals obtained from arugula plants with different water 
restrictions and biochar applications are shown in Table 3. DDPH free radical values 
decreased with decreasing irrigation water and increasing biochar dose. However, especially 
in I2 (50% curtailment irrigation) treatment, about 10% higher DDPH free radical values were 
obtained in biochar treatments compared to the control treatment. Similar to folin content, 
DDPH free radical values increased in the biochar treatments (especially B1 and B2) 
compared to the control. This indicates that biochar is more effective under shortage 

 affected by water stress in his 
study on wheat varieties.   

CONCLUSION and RECOMMENDATIONS 

Under the conditions of a rapidly growing world population and global climate change, 
increasing food production that is resilient to harsh conditions without converting more land 
into agricultural land to meet food needs is crucial to sustaining our quality of life. 

Plants growing under drought conditions usually produce higher concentrations of active 
substances that protect themselves against free radicals and reactive oxygen species and 
prevent damage to the photosynthetic process.  In the study, deficit irrigation stress reduced 
total phenol and antioxidant content. Due to the high surface area of the biochar, the moisture 
content in the root zone of the plant increased, and therefore, total phenol and antioxidant 
content were less affected by water stress. Especially biochar dose was found to be more 
effective in 1% and 2% applications by weight.  

403



In our country where water and fertile soil resources are inadequate, it is necessary to test soil 
regulators such as biochar that increase water retention in soils since the existing resources 
should be well protected. Therefore, it is recommended to study different doses of biochar in 
more plants under different soil and water shortage conditions to use water efficiently and 
reduce plant stress. 
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ABSTRACT

Cotton fiber is an important plant resource for our country and the world as it is the natural 
raw material for the textile industry. Cotton is a plant species belonging to the Malvaceae 
family and is reported to have more than 52 species. The genome structure is diploid and 
tetraploid. Although there are more than 52 species, two tetraploid species are intensively 
grown for fiber production. These species are Gossypium hirsutum and Gossypium 
barbadense. The cotton plant has a narrow genetic structure compared to most cultivated 
plants. Researchers are carrying out different studies to increase genetic variation. On the 
other hand, epigenetic differences other than genetic factors can be considered as sources of 
variation in plants. There are different mechanisms and methods to reveal epigenetic 
differences. One of these methods is bisulfite sequencing, which is used to reveal DNA 
cytosine methylation with high resolution. In this study, it was aimed to use SSR markers 
known as microsatellites in bisulfite sequencing method. Within the scope of the study, 14 
EST-SSR primers producing confirmatory amplicons in both G.hirsutum and G.barbadense 
species were identified by appropriate PCR profile. After bisulfite reaction of these primers 
with the genomic DNA of a G.hirsutum species, PCR was performed again and primers 
producing amplicons of the same size were detected by Agarose Gel Electrophoresis method. 
After the studies, 7 of the 14 EST-SSR primers that produced amplicons in cotton genome 
were observed and reported to produce amplicons in genomic DNA exposed to bisulfite 
reaction in the same way. In this study, it was aimed to determine the primers to be used to 
reveal DNA cytosine methylation from epigenetic approaches to reveal variations in cotton 
plants with narrow genetic structure. In line with the studies and the data obtained, it was 
revealed that SSR primers developed in a normal way can be used in the determination of 
DNA cytosine methylation. In this way, the use of these primers instead of degenerate 
primers, which are difficult to develop in bisulfite sequencing, provides great convenience for 
researchers.

Key Words: EST-SSR; Epigenetic; DNA Cytosine Methylation, Gossypium hirsutum;
Gossypium barbadense 
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Pamuk lifi tesktil

zla 

netik 

fit

-SSR primeri uygun PZR profile ile tespit

-SSR primerlerinden 7 tanesi

mlardan DNA sitozin 

SSR primerlerinin DNA sitozin metilasyonunun belirlenmes

Keywords: EST-SSR; Epigenetik; DNA Sitozin Metilasyonu; Gossypium hirsutum;
Gossypium barbadense.
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Tablo 1 -SSR primerleri
No Primer 

ID
Geri Sekans Dizisi Motif Tm

1 A01-
2651

AAATCCTACCTCTCCG
GCCA

CCCAGGGCAAAACAA
TGTCG

(GCCGG
C)3

60

2
A02-54

AAAGGAGAGAGGGGA
GTGCT

TCGCTATAAAACCCAT
TTTACCGC

(GCCGG
)4

60

3 A04-
1418

GCAGGCAGAATACAA
AAGATCGA

AAGAAAAGGGGGAGG
GGAGA

(GCCGG
C)3

60

4 A07-
410

GAAATTACCTTTCCGG
CCACC

GACGTCGTTTTGGAGG
GCTA

(GCCGG
C)3

60

5 A08-
323

GAACCGACCTAAGGT
GACTGT

AGAGAGAAGGGAGGG
GGAAG

(CCGGC
G)3

60

6 D01-
295

TTTACCTTTCCGACCA
CCGC

GGTGCGTTTTGGTCCC
CTAT

(GCCGG
C)3

60

7 D02-
301

AAACCCGTTGTGCAAC
CATG

GGATGAGGCTGAGAA
GGAGC

(CCGGT
G)3

60

8 D03_20
02

GGCCCGGCCCGAATA
TAATA

GACTAGACCTGTCCAT
GGGC

(CCGGG
C)3

60

9 D04-
2252

GCCGGGCCTGAGAAA
AATTC

AATGCTGCCGGATTGA
AGGA

(CCGGG
C)3

60

10 D05-
1201

AGAAAGAGGGAGAGG
GAGGG

GCAGATTCAAGCAAG
AAAGACCA

(CGCCG
G)3

60

11 D06-
2808

GGCCCGGCCCGAATA
TAATAA

CGGCCCGAAATATGG
GCTTA

(CCGGG
C)3

60

12 D08-
420

AGAGAAGGGAGGGGG
AAAGG

GGGCTCTAACACCAA
ATCGGA

(CGCCG
G)3

60

13 D09-
1296

GGCGCACAAAACACC
AAGAT

AGGGAGGAAGGAAAG
GGGG

(GCCGG
C)3

60

14 D10-
1664

GGGCTCTAACACCAA
ATCGGA

AGAGAAGGGAGGGGG
AAAGG

(GCCGG
C)3

60
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nan metil grubu ile sitozin 

sitozinler tespit edilir.

-SSR primerlerinin DNA

-
DNA EST-SSR primerleri ile 
sonucunda 14 EST-
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-SSR primeri
-2651,

A02-54, A04-1418 ve A07- -1201, D06-2808,
D08-420, D09-1296 ve D10-1664 nolu EST-

-SSR primerlerinin

nan dejenerant primerler yerine daha 
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THE CURRENT SITUATION OF FORAGE CROPS PRODUCING ENTERPRISES 
IN I DIR PROVINCE AND THEIR IMPORTANCE FOR ANIMAL HUSBANDRY
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Asst. Prof. Ayca Nur SAHIN DEMIREL 

ABSTRACT 

Feed costs stand out as the biggest expense in livestock enterprises. Providing feed 

province, animals cannot fully benefit from meadow pasture areas due to seasonal conditions 
and they have to be fed in corrals and communes. This situation gains great importance in 
affecting the meat and milk productivity of animals. Feed crops that can be given to animals 
in corrals and communes are generally high-quality roughage sources. In this context, many 
producers cultivate fodder crops in order to reduce animal product production costs and 

crops constitute 53.87% of the total enter

is 33% in the central district, 47.17% in Karakoyunlu district, 9.78% in Tuzluca district and 

the province show that the enterprises do not give the necessary importance to fodder crop 
cultivation. Clover, silage corn, sainfoin, oats, vetch and Italian ryegrass are cultivated in the 
enterprise lands and Clover ranks first in the number of enterprises and cultivation area. While 
20.40% of the annual dry grass requirement of the province is met from forage crops 
cultivation areas, this rate is 11.06% from meadow pasture areas. Therefore, the dry grass 
requirement 

e value of forage crops should be adopted by the enterprises. 
For a profitable animal husbandry, fodder crops cultivation is of great importance.

Keywords: 

INTRODUCTION 

The livestock sector is an important sector in national development, providing raw materials 
to industry, preventing hidden unemployment in rural areas and creating new employment 
areas, as well as providing nutritional solutions (Sakarya and Aral, 2008). Ensuring the 
economic production of livestock products necessitates the necessity to improve the costs in 
the formation of the cost of livestock products. The costs of animal products differ to some 
extent from plant products in terms of cost elements and calculation techniques. To name a 
few cost elements that show this difference; building, feed, labour, veterinarian, medicine and 
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vaccine, bedding, cleaning and disinfection, tool-machine variable, meadow and pasture, 
marketing costs and depreciation. The most important cost element that causes cost for 
livestock enterprises is feed (Sakarya and Aral, 2008). In some livestock sectors, feed costs 
are up to 70% of total operating costs (TMMOB, 2020) 

When the types of feed consumed by animals throughout the year are analysed, it is seen that 
sheep, goats, beef cattle and dairy cattle consume high levels of roughage. It is reported that 
60% of the feed consumed by animals in developed countries is roughage and 40% is 
concentrated feed. Meadow-pasture, field forage crops and harvest residues constitute the 
source of roughage. In our country, cereal straw, which is included in harvest residues, is used 
as roughage to a significant extent and occupies a large proportion of 60% in roughages. 
However, since the nutritional value of straw is quite low, it is generally not preferred as feed 
in countries with developed livestock sector (TB, 2024).  

utilization of meadow and pasture lands and forces the owner to feed his animals in corrals 
and communes, which have to be protected from the cold (Turkan, 2017). This is an important 
economic problem for enterprises. Animals that have to be fed in corrals and communes cause 
the grass stocks in the enterprise warehouse to be consumed rapidly. For this reason, it is 
necessary to have sufficient and high-quality feed in the warehouse stocks. Otherwise, 
weakness in animals and inefficiency in animal products will be seen. The main source of 
quality roughage for animals is fodder crops obtained from fields when meadow pasture areas 
cannot be used.  

17th -
quality roughages among the feeds they will give to animals in their enterprises, will affect 
both animal productivity and the quality of animal products, and increasing the cultivation 
areas will enable animals to reach the dry grass them requirements more easily. No study has 

This study is important in eliminating this deficiency by revealing the current situation of the 
enterprises, showing the shares allocated by the enterprises to the cultivation of forage crops 
and determining the importance they give to their animals. In addition, this study will shed 

enterprises. 

In this study, it was aimed to reveal the current situation of the enterprises producing forage 

husbandry. For this purpose, information about the number of enterprises producing forage 

requirements were determined according to the number of animals in the province, and the 
ratio of the amount of dry grass obtained from meadow pasture and forage crops cultivated in 
the field, which is a source of quality roughage, to meet the annual dry grass requirements of 
animals in the province was determined. 

METHODOLOGY 

This study was carried out by utilizing secondary data sources on the cultivation of forage 
crops in the agricultural sector. Within the scope of the study, data on the number of existing 
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ned from the Provincial 
Directorate of Agriculture and Forestry. The data provided by the Provincial Directorate of 
Agriculture and Forestry provided access to important information such as the size of 
agricultural areas, fodder crop cultivation practices of enterprises and methods used in 
agricultural production. These data were used to analyze and interpret the results of the study. 
The accuracy and reliability of the data sources provided a solid foundation for the study and 
increased the credibility of the results. 

RESULTS 

City Structure Analysis 

- Kars section of the Eastern Anatolian region. It is
between 39o and 41o north latitudes and 43o and 45o

to the south and sout -Iran and Turkiye-Nahcivan border to the southeast, Kars
-Armenia border to the north and northeast. It is the

2

e settlements 
(TSO, 2024). 

severe continental climate. When the annual temperature and precipitation statistical data of 

duration is 6.3 hours, the average number of rainy days is 85.3, the average total precipitation 
-

1).  

Table 1. 
2024) 

12.3

19.1

5.7

Average sunshine duration (hours) 6.3

Average number of rainy days 85.3

Average monthly total precipitation (mm) 258.7

Highest 42.0

-30.3

Land Analysis 

141043 ha of meadow pasture land, 96269 ha of non-agricultural land and 2960 ha of forest 
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land. Agricultural lands constitute 33.03% of the total surface area, meadow pasture lands 
39.31%, non-agricultural lands 26.83% and forest lands 0.82% (Figure 1). 

Figure 1. 

 23.942 million ha of total cultivated agricultural area and 
perennial plant area, 14.617 million ha of meadow and pasture land, 38.559 million ha of 

with 141043 nd in meadow pasture areas 
in the world countries, is in 0.46% of the world meadow pasture areas with 14.617 million ha 
of meadow pasture area (Figure 2). 

Farm Land; 
118528; 
33,035%

Meadow 
Pasture Land; 

141043; 
39,310%

Non-Farm 
Land; 96269; 

26,831%

Forest Land; 
2960; 0,825%

417



Figure 2. Pasture and meadow areas (*1000 ha) of countries according to 2021 data (Faostat, 
2024a)

Livestock Analysis 

Cow, calf - heifer, bull, ox, buffalo, sheep, goat, lamb, horse, mule and donkey species are 

th

th in the number of livestock in the world with 73 472 
214 heads of livestock and is in the 2% segment of the world livestock numbers (Figure 3). 

Table 2. 

-

-

Table 3. according to 2022 data (TUIK, 2024d) 

Number of cattle
Cattle -
Culture

Cattle - Cultivated crossbreed Cattle - Domestic Buffalo

8 295 825 7 324 866 1 231 265 171 835
Sheep and goat numbers

Sheep -
Domestic

Sheep - Merino Goat - Hair Goat - Mohair

40 728 954 3 958 934 11 320 208 257 654
Other animal numbers

At Donkey Mule Camel Pig
74 359 86 455 19 018 1 193 1 648
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Figure 3. Number of animals owned by countries according to 2022 data (*million) (Faostat, 
2024b) 

Business Analysis 

province, where the total number of agricultural enterprises is 7408, agricultural enterprises in 
the Central district constitute 32.65% of the province, Karakoyunlu agricultural enterprises 

When we look at the cultivation areas on district basis, Central district has 11695.46 ha, 

24023.24 ha cultivation area (Table 4). While the cultivation area of the central district 
constitutes 20.59% of the province, the cultivation area of Karakoyunlu district constitutes 
11.93%, the cultivation area of Tuzluca district constitutes 25.16% and the cultivation area of 
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Table 4. Number of existing 
and Forestry, 2024) 

Province-
wide

District based
Center Karakoyunlu Tuzluca

Number of 
Enterprises 
(General)

7408 2472 1362 2441 1296

Planted Area 
(ha)

(General)
56 788,51 11 695,46 6 780,48 14 289,32 24 023,24

Number of 
Enterprises 

(Fodder 
Crops)

3991 1484 972 647 955

Planting 
Area (ha) 
(Fodder 
Crops)

11 621,48 3 859,68 3 198,09 1 397,15 3 166,55

According to the data in Table 4, when the distribution of those producing fodder crops 

According to these data, while the rate of agricultural enterprises producing fodder crops is 

In addition, the Central district accounts for 33.21%, Karakoyunlu district 27.51%, Tuzluca 

ratio of forage crops cultivation areas is 20.46% throughout the province, the distribution by 
districts is as follows: 33% in the central district, 47.17% in Karakoyunlu district, 9.78% in 

Figure 4 shows the distribution of forage crops according to enterprises. It was determined 
ovince included forage crops such as clover, corn for silage, 

sainfoin, oats, vetch and Italian ryegrass in their lands. While clover enterprises constitute 
71.99% of the total, corn silage enterprises constitute 17.24%, sainfoin enterprises constitute 
8.55%, oat enterprises constitute 1.64%, vetch enterprises constitute 0.45% and Italian 
ryegrass enterprises constitute 0.13%. 
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Figure 4. 
and Forestry, 2024)

Considering the 
clover, 1906.6 ha silage corn, 854.39 ha sainfoin, 194.23 ha oats, 28.44 ha vetch, 8.23 ha 
Italian ryegrass cultivation area. While clover cultivation areas constitute 74.26% of the 
forage crop cultivation areas of the province, silage corn cultivation areas constitute 16.41%, 
sainfoin cultivation areas constitute 7.35%, oat cultivation areas constitute 1.67%, vetch 
cultivation areas constitute 0.24% and Italian ryegrass cultivation areas constitute 0.07% 
(Figure 5). 

Figure 5. 
Directorate of Agriculture and Forestry, 2024)
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Table 5. Statistics of forage crops production enterprises according to 
Provincial Directorate of Agriculture and Forestry, 2024) 

Total
District based

Center Karakoyunlu Tuzluca

C
lo

ve
r

Number of 
Enterprises

3344 1180 910 362 939

Planting Area 
(ha)

8 629,58 2 314,97 2 634,97 639,68 3 039,94

Yield (kg/decare) 5382 5500 6050 4000 5000
Production 

Amount (tons)
464

444,06
127

323,58
159 415,84

25
587,42

151
997,45

S
il

ag
e 

C
or

n

Number of 
Enterprises

801 502 232 3 67

Planting Area 
(ha)

1.906,60 1.236,39 543,86 2,84 123,50

Yield (kg/decare) 5634 5778 5602 5000 4823
Production 

Amount (tons)
107

417,91
71

438,62
30 467,40 142,15 5 956,48

S
ai

n
fo

in

Number of 
Enterprises

397 62 0 336 0

Planting Area 
(ha)

854,39 195,60 0 658,78 0

Yield (kg/decare) 2342 2000 0 2500 0
Production 

Amount (tons)
20 009,83 3912,17 0

16
469,55

0

O
at

s

Number of 
Enterprises

76 35 3 36 2

Planting Area 
(ha)

194,24 110,32 4,43 76,39 3,10

Yield (kg/decare) 1861 3500 3500 800 3500
Production 

Amount (tons)
3 614,80 3 861,24 155,18 611,08 108,50

V
et

ch

Number of
Enterprises

21 2 4 15 0

Planting Area 
(ha)

28,44 2,28 6,70 19,46 0

Yield (kg/decare) 1347 1500 1500 800 0
Production 

Amount (tons)
383,13 34,21 100,51 155,69 0

It
al

ia
n

 G
ra

ss

Number of 
Enterprises

6 1 5 0 0

Planting Area 
(ha)

8,23 0,11 8,11 0 0

Yield (kg/decare) 1600 1600 1600 0 0
Production 

Amount (tons)
131,70 1,82 129,88 0 0
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According to the data in Table 5, it is seen that the agricultural holdings producing clover 
According to this 

distribution, the agricultural holdings producing clover in the Central district constitute 
47.73% of the agricultural holdings in the Central district, and those producing clover in 
Karakoyunlu district constitute 66.81% of the agricultural holdings in Karakoyunlu district. 
Those producing clover in Tuzluca district constitute 14.83% of Tuzluca district agricultural 

agricultural enterprises. 

Wh
holdings producing clover constitute 83.79% of those producing fodder plants. According to 
the districts, these rates are as follows: 79.51% in the central district, 93.62% in Karakoyunlu 

distribution, clover cultivation area in Merkez district constitutes 19.79% of the agricultural 
area of Merkez district, and clover cultivation area in Karakoyunlu district constitutes 38.86% 
of the agricultural area of Karakoyunlu district. Clover cultivation area in Tuzluca district 
constitutes 4.48% 

cultivation area constitutes 74.26% of the forage crops cultivation area. 

When silage corn production is analyzed, it is seen that the agricultural holdings producing 

holdings producing corn for silage in the central district constitute 20.31% of the agricultural 
holdings in the central district, while those in Karakoyunlu district constitute 17.03% of the 
agricultural holdings in Karakoyunlu district. While those producing silage corn in Tuzluca 
district constitute a very small slice of Tuzluca district agricultural enterprises, those 

silage corn cultivation area in the Central district constitutes 10.57% of the Central district 
agricultural area, and the cultivation area in Karakoyunlu district constitutes 8.02% of the 
Karakoyunlu district agricultural area. While the silage corn cultivation area in Tuzluca
district constitutes a very small slice of the agricultural area of Tuzluca district, the cultivation 

province as a whole, silage maize cultivation area constitutes 16.41% of the forage crops 
cultivation area. 

When we examine the data in Table 5, we observe the following situation for sainfoin, 

constitutes 5.36% of the agricultural holdings in the province, sainfoin producing agricultural 
holdings in the Central district constitutes 2.51% of the Central district agricultural holdings, 
and those in Tuzluca district constitute 13.76% of Tuzluca district agricultural holdings. In 
addition, agricultural holdings producing sainfoin constitute 9.95% of the provincial forage 
crop agricultural holdings, while agricultural holdings producing sainfoin in the Central 
district constitute 4.18% of the Central district forage crop agricultural holdings, and those 
producing sainfoin in Tuzluca district constitute 51.93% of Tuzluca district forage crop 
agricultural holdings. 

cultivation area, sainfoin cultivation area in the Central district constitutes 1.67% of the 
Central district cultivation area and sainfoin cultivation area in Tuzluca district constitutes 
4.61% of the Tuzluca district cultivation area. While sainfoin cultivation area in the province 
constitutes 7.35% of the provincial forage crops cultivation area, sainfoin cultivation area in 
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the Central district constitutes 5.07% of the Central district forage crops cultivation area and 
sainfoin cultivation area in Tuzluca district constitutes 47.15% of Tuzluca district forage 
crops cultivation area. 

For oats, which plays an important role in fodder plant preference, the following data were 

agricultural holdings in the province, while oat producing agricultural holdings in the Central 
district constitutes 1.42% of the Central district agricultural holdings and those in 
Karakoyunlu district constitute 0.22% of Karakoyunlu district agricultural holdings. In 
addition, it is seen that the agricultural enterprises producing oats constitute 1.90% of the 
provincial forage crop agricultural enterprises, while the agricultural enterprises producing 
oats in the Central district constitute 2.36% of the Central district forage crop agricultural 
enterprises, and those producing in Karakoyunlu district constitute 0.31% of Karakoyunlu 
district forage crop agricultural enterprises. 

While the agricultural enterprises producing vetch in the province constitute 0.28% of the 
provincial agricultural enterprises, agricultural enterprises producing vetch in the Central 
district constitute 0.08% of the Central district agricultural enterprises, agricultural enterprises 
producing vetch in Karakoyunlu district constitute 0.29% of Karakoyunlu district agricultural 
enterprises, agricultural enterprises producing vetch in Tuzluca district constitute 0.61% of 
Tuzluca district agricultural enterprises. In addition, agricultural enterprises producing the 
vetch constitute 0.53% of the provincial forage crop agricultural enterprises, agricultural 
enterprises producing vetch in the Central district constitute 0.13% of the Central district 
forage crop agricultural enterprises, agricultural enterprises producing vetch in Karakoyunlu 
district constitute 0.41% of Karakoyunlu district forage crop agricultural enterprises, 
agricultural enterprises producing oats in Tuzluca district constitute 2.32% of Tuzluca district 

When we look at the vetch cultivation areas on district basis, Central district has 2.28 ha, 
Karakoyunlu district has 6.70 ha, Tuzluca district has 19.46 ha vetch cultivation area (Table 
5). While vetch cultivation area in the province constitutes 0.05% of the provincial cultivation 
area, Central vetch cultivation area constitutes 0.02% of the Central district cultivation area, 
Karakoyunlu district vetch cultivation area constitutes 0.10% of Karakoyunlu district 
cultivation area, Tuzluca district vetch cultivation area constitutes 0.14% of Tuzluca district 
cultivation area. In addition, while vetch cultivation area in the province constitutes 0.24% of 
the provincial forage crops cultivation area, vetch cultivation area in the Central district 
constitutes 0.06% of the Central district forage crops cultivation area, Karakoyunlu district 
vetch cultivation area constitutes 0.21% of the Karakoyunlu district forage crops cultivation 
area, Tuzluca district vetch cultivation area constitutes 1.39% of the Tuzluca district forage 
crops cultivation area.  

While Italian ryegrass producing agricultural enterprises in the province constitute 0.08% of 
the provincial agricultural enterprises, Italian ryegrass producing agricultural enterprises in 
the Central district constitute 0.04% of the Central district agricultural enterprises, and Italian 
ryegrass producing agricultural enterprises in Karakoyunlu district constitute 0.37% of 
Karakoyunlu district agricultural enterprises. In addition, agricultural enterprises producing 
Italian ryegrass constitute 0.15% of the provincial fodder plant agricultural enterprises, 
agricultural enterprises producing Italian ryegrass in the Central district constitute 0.07% of 
the Central district fodder plant agricultural enterprises, agricultural enterprises producing 
Italian ryegrass in Karakoyunlu district constitute 0.51% of Karakoyunlu district fodder plant 

look at the Italian ryegrass cultivation areas on district basis, the Central district has 0.11 ha 
and Karakoyunlu district has 8.11 ha of Italian ryegrass cultivation area (Table 5). While the 
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Italian ryegrass cultivation area in the province constitutes 0.01% of the provincial cultivation 
area, the Central Italian ryegrass cultivation area constitutes 0.0009% of the Central district 
cultivation area, and the Karakoyunlu district Italian ryegrass cultivation area constitutes 
0.12% of the Karakoyunlu district cultivation area. In addition, the Italian ryegrass cultivation 
area in the province constitutes 0.07% of the provincial forage crops cultivation area, the 
Italian ryegrass cultivation area in the Central district constitutes 0.003% of the Central 
district forage crops cultivation area, and the Italian ryegrass cultivation area in Karakoyunlu 
district constitutes 0.25% of the Karakoyunlu district forage crops cultivation area.  

conversion of animal numbers into cattle units (CU). In this conversion, the application norm 
coefficients specified in the Pasture Regulation are used (TOB, 2024a). These coefficients set 
the standards of pasture utilization for different animal species and play a critical role in 
calculating the amount of grass requirement by animals. For example, these coefficients are 
used to set standards for the amount of grass consumed by cattle over the course of a day. In 
this way, the hay requirement of each animal species is determined and the total hay 
requirement is calculated. This process is vital to meet the nutritional requirements of animals 
and to run an efficient livesto
Table 6. 

Table 6. 
(TOB, 2024)

Animal Type
Number of 

Animals
Animal Unit Cattle unit (CU)

Cow (Culture) 7447 1.00 7447.00
Cow (Hybrid) 20360 0.75 15270.00

Cow (Domestic) 2303 0.50 1151.50
Veal - Heifer 

(Culture)
9319 0.60 5591.40

Veal - Heifer 
(Crossbred)

30202 0.45 13590.90

Veal - Heifer (Local) 1989 0.30 596.70
Bull 12732 1.50 19098.00
Ox 54 0.60 32.40

Buffalo (Male) 333 0.90 299.70
Buffalo (Female) 1005 0.75 753.75

Sheep 1247356 0.10 124736.00
Goat 60241 0.08 4819.28

Lamb - Capricorn 12800 0.04 512.00
At 1505 0.50 752.50

Mule 73 0.40 29.20
Donkey 2810 0.30 843.00

Total 1410529 195523.00

According to subparagraph b of Article 6 of the Pasture Regulation, it is stated that animals 
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should be fed dry grass at the rate of 2.5% of their daily live weight. The equation in equation 

2024b).

(1) 

above is 892 073.68 tons. 

Meadow pasture areas and forage crops grown in the field constitute quality roughage 
resources. The amount of dry grass obtained from meadow pasture and forage crops 

It was calculated that 280 762.90 tons of dry grass was obtained from 152 664.48 ha of land 

meeting the requirement.

(2) 

As a result of the calculation made with equation (2), the amount of dry grass provided from 
quality roughage sources meets 31.47% of the requirement. 

Table 7. 

Source Area (ha) Production 
(tons)

Amount of dry grass obtained from meadow - pasture 
areas*

141.043,00 98.730,10

Amount of dry grass obtained from fodder crops 
cultivation areas**

11.621,48 182.032,80

Total 152.664,48 280.762,90

Forestry, 2024).
**In dry hay quantity calculation, silage yield was calculated by multiplying with 0.33
coefficient and other forage crops yield was calculated by multiplying with 0.30 coefficient
(Ozkan U 2020).

CONCLUSION AND DISCUSSION 

In this study, the situation of meeting the annual dry grass requirements 

calculations, it was concluded that 280 762,90 tons of dry grass was obtained from the clover, 
silage corn, sainfoin, oats, vetch, Italian ryegrass cultivation areas and existing meadow 

requirement of the animals in the 
province with 195 523 bovine cattle units (CU) was not met. The rate of meeting the 
requirement was calculated as 31.47% and the deficit as 68.53%. It is thought that the 
requirement deficit is met from harvest residues or concentrate feeds. In the study conducted 

was calculated that 215 458 tons of dry grass was 
obtained from meadow pasture areas and fodder plant resources, the animal population was 
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91 304 BBHB, and the dry grass met 64.65% of the animals' requirements. Although the 
values obtained differed, it can be said that they are similar in the sense that quality forage 
resources do not meet the amount of dry grass requirement by animals. There are differences 
in the cultivation areas and animal numbers in the study year.  

As a result of the obtained calculations, it was determined that the ratio of enterprises planting 

important factor affecting this rate is that livestock activities are among the main livelihoods 
of

-making processes 
of producers who decide to produce forage crops are that they are engaged in animal 
husbandry and feed prices are high. In this study, data were collected from producers engaged 
in animal production through questionnaires. In this study, secondary data sources were 
utilized. Although the methods differed, it can be said that there are similarities in the fact that 

As a result of the calculations made, it was calculated that the share allocated to fodder plant 
It is thought that this share 

allocated to fodder plant cultivation areas shows that they do not give the necessary 
importance to fodder plants and that their cultivation areas should be increased. In the study 

evealed that in order to increase the cultivation 
of forage crops in production patterns, polyculture cultivation should be brought to the 
forefront, the subsidies should continue by diversifying and the seed problem should be 
solved, and the enterprises should be informed about animal nutrition, the importance of 
forage crops and their cultivation. Although the data sources were different, it can be said that 
the ratio reflected by the calculated result shows similarities in terms of increasing the 
cultivation areas of the enterprises and that they do not attach sufficient importance to the 
cultivation of forage crops.   

meet the annual dry grass requirement of the animals in the province. This situation directs 
the enterprises to harvest residues with low nutritional value or expensive concentrate feeds. 
While harvest residues cause weakening of animals and decrease in animal product yield, 
concentrate feeds significantly increase the costs of enterprises. The share allocated by the 

improve animal welfare by providing animals with easier access to the dry grass they 
requirements, and will provide a significant increase in enterprise profitability by reducing 
feed costs. 

animal welfare and business profitability. Solving ownership and inheritance problems, 
expanding cultivation areas and providing incentives to enterprises producing fodder crops 
will be important steps in this regard. 
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ABSTRACT 

Mapping of agricultural lands is an important inventory in food security and decision-making 
processes carried out by the governments. These maps are used to describe cultivated areas 
and their spatial distribution. This study aims to map agricultural crop patterns with the use of 
Sentinel 2 satellite images. An agricultural area in Zara district of Sivas was taken into 
consideration as test site. Sentinel 2A satellite image acquired on August 8, 2023, was 
downloaded from the European Space Agency-supported Copernicus web page and used for 
classification. On the same date, fieldwork was also carried out to observe the product pattern 
on-site and collect ground truth data. In order to map the agricultural product pattern, two 
different classification processes were carried out with machine-learning based Random 
Forest (RF) algorithm. In two different classification processes, the ratios of training and 
testing data were considered 70%-80% and 30%-20%, respectively. The classification was 
carried out using the blue, green, red, and near-infrared bands of the Sentinel 2 data, which 
have 10 m spatial resolution. In the classification process, the basic classes were selected as 
sugar beet, corn, sunflower, wheat, fodder crop, potato, and others. The other class includes 
land cover and uses such as roads, open areas, settlements, and sand quarries. In the 
classification processes performed with the RF algorithm, the overall accuracy (OA), Kappa, 
and F1 scores were obtained as 0.96, 0.83, and 0.85, respectively, in the 80%-20% 
training/test ratio classification. On the other hand, in the 70%-30% training/test ratio 
classification, the overall accuracy (OA), Kappa, and F1 score were calculated as 0.97, 0.83, 
and 0.85, respectively. Considering the obtained accuracy values, it was revealed that Sentinel 
2 data with 10 m spatial resolution can be used effectively in mapping agricultural product 
patterns. 

Keywords: Remote Sensing, Mapping, Sugar Beet, Corn, Sunflower, Wheat, Fodder Crop, 
Potato 
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INTRODUCTION 

The world population is increasing day by day, and it is expected that this growth rate will 
reach 9.7 and 11.2 billion by 2050 and 2100, respectively (United Nations, 2015). In the near 
future, this rapid growth will increase urbanization and industrialization, consequently putting 
pressure on food and water supply. Additionally, rapid urbanization is inevitably expected to 
trigger events such as droughts and famines due to climate change caused by itself. In order to 
prevent these problems, it is of utmost importance to monitor agricultural activities and water 
consumption professionally and take measures to alleviate the problems. 

Remote sensing refers to the scientific practice of gathering data about objects on the Earth's 
surface without direct physical contact, achieved through the utilization of sensor devices 
(Lillesand et al., 2015). In recent years, remote sensing technologies have been one of the 
most commonly used techniques for detecting crop patterns in agricultural areas. There are 
various mapping studies conducted in agricultural areas using satellite imagery at different 
scales and with different methods (Ozdogan & Woodcock, 2006; Thenkabail et al., 2009; 
Thenkabail et al., 2010). 

Studies conducted using time-series satellite images for detecting agricultural crop patterns 
-

based agricultural crop patterns based on Landsat 7 ETM+ images for May, July, and August. 
Serra & Pons (2008) developed a method to track the temporal changes of six Mediterranean 
plants using 36 Landsat images. The use of Sentinel 2 satellites has increased the availability 
of multi-temporal images and played an important role in image classification processes. 
Sonobe et al. (2017) identified agricultural crop types using Sentinel 1A and Sentinel 2A 
satellite images. Simonneaux et al. (2008) classified 8 time-series Landsat images and stated 
that detailed crop typology cannot be obtained only with NDVI. Du et al. (2012) developed 
the DWDCS algorithm using HRS images and achieved high accuracy in classifying 

of Trabzon province using WorldView-II images and showed that Random Forest (RF) 
algorithm presented better accuracy than the other methods. Even though time series images 
provide better accuracies compared to single image evaluation, single image classification 
also presents valuable information about the study area if only one field campaign is 
conducted. 

The objective of the current study is to determine agricultural crop patterns grown during the 
summer months in a part of Zara district of Sivas province using the Random Forest (RF) 
classification method applied to Sentinel 2 satellite images. The satellite image used was 
acquired on August 8, 2023, and downloaded from the European Space Agency-supported 
Copernicus website. 
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MATERIAL AND METHOD

The study area consists of an agricultural region situated in the Zara district of Sivas province, 
llustrates the test sites, located in the Zara plain, with coordinates as 

Figure 1. Study area map. 

The study area has a total area of approximately 3,000.00 hectares. The region is highly fertile 
in terms of agricultural products. Predominantly grown crops include potatoes, corn, wheat, 
sugar beet, fodder crops, and sunflower. 

The Sentinel 2 satellite image used in the study was acquired on August 8, 2023. On the same 
date, fieldwork was also conducted to observe the crop pattern on-site and collect ground truth 
data. In the classification process, the main classes selected were fodder crops, corn, 
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sunflower, wheat, sugar beet, potatoes, and others. The "others" class includes land cover and 
land use such as roads, open areas, settlements, and quarries (Figure 2). 

Fodder crops Corn Sunflower

Wheat Sugar Beet Potato

Other Other Other

Other Other Other

Figure 2. Land classes identified based on fieldwork results. 

1.1. Random Forest (RF) Classification Algorithm

Ensemble classification methods are machine-learning algorithms, generating multiple 
classifiers rather than a single one, and they classify new data by aggregating the predictions 
of these classifiers through a voting mechanism. In the bagging algorithm, numerious 
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bootstrapped training datasets are generated using the initial training dataset, and a tree is built 
for each bootstrapped training dataset. The consecutive trees are independent of each other, 
and the majority voting mechanism is used to make prediction (Liaw & Wiener, 2002).  

RF can be described as an ensemble of tree-based classifiers (Figure 3). It represents an 
advanced iteration of the bagging method, enriched by the inclusion of randomness. Instead of 
selecting the optimal split from all variables to partition each node, it randomly picks the best 
split from a subset of variables at each node for partitioning. Every dataset is created by 
bootstrapping from the original dataset. Following that, trees are constructed utilizing random 
feature selection (Archer & Kimes, 2008). 

To initialize the RF algorithm, the user needs to define two parameters. These parameters 
include the number of variables utilized at each node to detect the optimal split (m) and the 
number of trees to be generated, denoted as N. Initially, bootstrap samples are generated from 
2/3 of the training dataset. The remaining 1/3 of the training dataset, referred to as out-of-bag 
(OOB) data, is employed for testing errors. Subsequently, a tree is constructed from each 
bootstrapped sample without pruning. At each node, m variables are chosen randomly from 
all available variables, and the optimal split among these variables is identified. Selecting the 
appropriate number of variables that offer ample predictive power while maintaining a low 
degree of correlation is crucial (Horning, 2010). 

Figure 3. The structure of the RF algorithm. 

In this study, the RF classification was conducted using "Dzetsaka" plug-in available in the 
QGIS software. Firstly, training data was created considering the data collected during the 
fieldwork. For this process, 7 classes (sugar beet, corn, sunflower, fodder crops, potatoes, 
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wheat, and others) were selected. Using this created training data, a classification model was 
first implemented with 20% test data and 80% training data, and then with 30% test data and 
70% training data. Figure 5 illustrates work flow of the classification process. 

Figure 5. Work flow diagram of the study. 

RESULTS 

The RF-based classification was employed using the blue (B: B2), green (G: B3), red (R: B4), 
and near-infrared (NIR: B8) bands of the Sentinel 2 data with 10 m spatial resolution. In the 
classification process, the main classes selected were sugar beet, corn, sunflower, wheat, 
fodder crops, potatoes, and others. The "others" class includes land cover and land use such as 
roads, open areas, settlements, and quarries. Figure 6 and Figure 7 represent the RF-based 
classified maps with training and testing ratios of 80/20 and 70/30, respectively. Considering 
the visual interpretation, both results are very identical to each other. In the classification 
performed using the RF algorithm, a training/test ratio of 80-20 resulted in an overall 
accuracy (OA) of 0.96, Kappa of 0.83, and F1 score of 0.85. Additionally, for the training/test 
ratio of 70-30, an overall accuracy (OA) of 0.97, Kappa of 0.83, and F1 score of 0.85 were 
calculated. When the statistical results were examined, it was observed that reducing the 
training data ratio did not lead to a decrease in classification accuracy. 

BAND 4 

BAND 3 

BAND 2 

TEST DATA 

DATA SET 

TRAINING DATA 

BAND 8 

Random Forest Algorithm 

Classified Map

Accuracy Assessment
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Figure 6. Classification map using 80% training and 20% test data. 

Figure 7. Classification map using 70% training and 30% test data. 

CONCLUSION  

In this study, the Sentinel 2 satellite image of August 2023 was classified on a pixel-by-pixel 
basis, and a thematic map showing the crop pattern in the agricultural area of Zara was 
created. The RF algorithm was used for classification, and the classification performances
were tested with accuracy analyses. The 7 classes created in the classification were classified 
according to their spectral properties. Classification results using 20% test data and 30% test 
data with the RO algorithm achieved overall classification accuracies of 96% and 97%, 
respectively. Considering the obtained accuracy values and maps, the results proved that the 
Sentinel 2 imagery with 10 m spatial resolution can be effectively used for mapping 
agricultural crop patterns. 
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ABSTRACT 

Water is one of the most basic factors on Earth, vital for ecology, climate, environment, and 
human health. Additionally, Water serves as an essential input for agricultural production and 
also holds significant importance in ensuring food security. Today, dams used for irrigation 
purposes play an important role in ensuring that agricultural production does not lose its 
continuity and efficiency. This study aims to examine spatiotemporal surface area changes of 
the water source with Sentinel-2 satellite images in the Patnos Dam, which is located on the 
Gevi St
(NDWI) and Otsu threshold value determination method were utilized to extract surface water 
body in the Patnos Dam lake from Sentinel-2 satellite images automatically. Between May 
and December 2023, NDWI images were produced using Sentinel-2 images without cloud 
cover for each month, and water surface and other land cover classes were obtained by 
determining threshold values with the Otsu method for each image. Processing of satellite 
images was carried out on the Google Earth Engine (GEE) platform. The water body was 
mapped by separating it from other land use and land cover classes with threshold values 
applied to NDWI images. With the water body maps prepared for each month, spatial and 
temporal changes in the dam water used for agricultural irrigation are revealed. The monthly 
areal change in the water body from May to December was obtained as 4.00, 4.12, 3.51, 2.55, 
1.45, 0.85, 0.94, and 1.28 km2, respectively. When the results were examined, the lowest 
surface water area in the images was measured in October, while the highest was measured in 
June. It was observed that after July, when agricultural irrigation was intensive, the surface 
water area in the dam decreased until December. This study demonstrated that water 
structures can be effectively monitored spatially and temporally with remote sensing 
technology. Based on this study and similar ones, determining rapid and practical temporal 
changes in surface water resources is essential for water resource management and sustainable 
agriculture.

Keywords: Sustainable Agriculture, Remote Sensing; Water Body Extraction; NDWI; Otsu. 
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INTRODUCTION 

Water is the cornerstone of life. The need for water has increased in today's world and 
continues to grow every day. Water, an indispensable resource for humanity, is of vital 
importance, since it is used not only as drinking water but also in various fields such as 
agriculture, industry, cleanliness, and energy production. Constituting a significant portion of 
the human body, water is essential for the regular functioning of metabolism and the healthy 
operation of cells and organs. However, globally, many regions face challenges such as water 
pollution, depletion, and uneven distribution of water resources. This situation underscores 
the increasing importance of sustainable management and conservation of water sources. 

Climate change is one of the factors affecting the water resources. Droughts, floods, and other 
climate events can disrupt the balance of the water sources. Therefore, efforts to combat 
climate change and protect water resources are interconnected. As a result, water emerges as 
an indispensable element for the continuation of life. Sustainable water management plays a 
critical role in maintaining environmental balance and ensuring human health. Humanity 
should fulfill its responsibilities by preserving water resources, using them efficiently, and 
distributing them fairly to leave a livable world for future generations. Errors in land use, 
global and rapid urbanization, excessive population growth, uncontrolled and incorrect 
irrigation methods, domestic and industrial pollution, primarily due to human activities, are 
causing the loss of quality and quantity of wetlands every day (Ozvan et al., 2023). 

Agriculture is heavily dependent on water to feed the world's population. Both crop 
cultivation and livestock farming rely on water resources. Additionally, water is used in 
various industrial activities, such as cooling, cleaning, and energy production. Therefore, the 
sustainable and efficient management of water is crucial for the continuity of industrial 
activities and agriculture. To implement the sustainable management practices, there is a need 
for more accurate information in geographic monitoring. The monitoring of agricultural 
irrigation through remote sensing technology is a way used to enhance the efficiency of 
modern farming practices and manage water resources more effectively. Remote sensing 
products combined with artificial intelligence models for pixel-by-pixel classification offer 
substantial potential (Bolfe et al., 2023). 

Caglayan et al. (2020) analyzed the spatial changes in Aksehir Lake using Landsat satellite 
data and deep learning techniques. By analyzing the 35-year temporal changes through remote 
sensing techniques, they concluded that highly accurate results could be obtained for water 
areas. Sabuncu (2020) analyzed the changes in Burdur Lake, which is significant and has 
tectonic structures for our country, within a specific time interval using Landsat satellite data 
and classification methods namely, and Support Vector Machine (SVM) and Maximum 
Likelihood. Yurteri & Kurttas (2021) analyzed surface area changes occurring in Seyfe Lake 
between 1985-2020 using the Modified Normalized Difference Water Index (MNDWI) 
method. Demiroglu & Ernst (2022) conducted a time-dependent analysis of the spatial, 

district of Van, which operates for irrigation and electricity production. In their study, remote 
sensing technology was utilized, and assessments were made using Landsat satellite data and 
meteorological data through the NDWI and Radial Basis Function methods. Highlighting the 
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importance of water resource management, Karaca et al. (2022) examined the 20-year 
temporal changes in Terkos Lake using Landsat satellite data and the NDWI method. Ozvan 
et al. (2023) analyzed the three-year surface water and changes in and around Karatas Lake in 
the Tefenni plain of Burdur province using Landsat 8 satellite data. 

The sensors on the satellite used by the aim of the study can detect changes in water levels 
and surface area variation supporting the sustainable use of water resources. This study aims 
to examine spatiotemporal surface area changes of the water source with Sentinel-2 satellite 
images in the Patnos Dam, which is located on the Gevi Stream in Agri and used for 
agricultural irrigation. 

MATERIAL AND METHOD 

The Patnos Dam, located at Patnos district in the Agri province, is one of the significant water 
structures in the eastern part of Turkey. Completed between 1985 and 1992, the dam is an 
embankment-type structure constructed on the Gevi River. This dam serves the purpose of 
sustainably managing the water resources of the Agri province and is utilized for agricultural 
irrigation. The location map of the Patnos Dam is depicted in Figure 1.  

The primary purpose of the dam is to provide water to the surrounding agricultural lands by 
irrigating them, benefiting local farmers in the region. Additionally, the Patnos Dam 
contributes to energy production, addressing the region's energy needs. The construction of 
the dam adds vitality to the local economy, enhancing agricultural productivity and providing 
economic benefits to the local population. 
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Figure 1. Study area map. 

To determine the appropriate threshold value from calculated indices for delineating water 
surfaces is crucial. The thresholding process can be performed manually using histograms, but 
this method can be time-consuming and may lead to errors by causing the mixing of water 
with other details (Rad et al., 2021). Therefore, various techniques have been developed to 
automatically determine the threshold value. Among these techniques, the Otsu thresholding 
method has become a widely preferred choice (Cordeiro et al., 2021; Donchyts et al., 2016; 
Rad et al., 2021). 

Otsu introduced a nonparametric and unsupervised approach to determine the optimal 
threshold value (Otsu, 1979). In Otsu's method, the optimal threshold value is determined 
through discriminant analysis, wherein the technique maximizes the "between-class variance" 

 of the grey level histogram to achieve ideal separation of the classes. In the notation, 

the pixels of a given image are represented in L gray levels ranging from 0 to L-1. N denotes 
the total number of pixels in the image, and n(i) represents the number of pixels at level i. The 
normalization procedure is employed to the gray-level histogram, treating it as a probability 
distribution to simplify the discussion. The probability of occurrence of each grey level p(i) is 
represented by Equation 1 (Sekertekin, 2021). 
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(1)

The first-order cumulative moments and the mean gray level of the image are calculated. 

(2)

(3)

(4)

(5)

After obtaining the optimal threshold value, the following equation is calculated as a final 
step. 

(6)

The Otsu thresholding method automatically calculates the threshold value between water and 
non-water pixels using the pixel values in the histogram of the image. Designed to 
automatically separate water and non-water regions by utilizing differences in index values, 
this method determines the threshold value and uses it as a mask for each index, effectively 
distinguishing water and non-

Remote sensing is a widely used tool for analyzing surface features in various applications. In 
this context, the differentiation between water and land holds crucial importance, especially in 
the fields of natural resource management and environmental monitoring. NDWI (Normalized 
Difference Water Index) stands out as an effective tool for identifying water bodies in remote 
sensing images. This index emphasizes the differences between water and land using the 
reflectance values of the near-infrared (NIR) and green bands of the images and is provided in 
Equation 7 (Gao, 1996; McFeeters, 1996). 

(7)

Here, 'Green' represents the reflection values in the green band, and 'NIR' represents the 
reflection values in the near-infrared band. The index provides a scaling where water bodies 
have high values and land areas have low values. This enhances the contrast between water 
and land, facilitating the analysis process. 
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Google Earth Engine (GEE) grants free access to a vast array of satellite images and provides 
a cloud-based platform that seamlessly processes these images. This system makes the rapid 
processing, evaluation, and analysis of images possible (Gorelick et al., 2017; Yildiz & 
Yilmaz, 2022). In the scope of this study, 10-meter spatial resolution Sentinel-2 data 
developed by the European Space Agency (ESA) were utilized on the GEE platform. The 
Sentinel-2 satellite is designed to observe the Earth's surface in a broad spectral range and 
high resolution. These features have made Sentinel-2 a significant tool in various applications, 
particularly in environmental monitoring, agriculture, water management, and sustainable use 
of natural resources. Information about the Sentinel-2 imagery used in this study is provided 
in Table 1. 

Table 1. Information about satellite data used in the study 

Date 
(Day/Month/

Year)

Spatial Resolution 
(meter)

GEE ID

4/05/2023 10
COPERNICUS/S2_SR/20230504T075611_2023
0504T080223_T38SLJ

8/06/2023 10
COPERNICUS/S2_SR/20230608T075619_2023
0608T080228_T38SLJ

18/07/2023 10
COPERNICUS/S2_SR/20230718T075619_2023
0718T080228_T38SLJ

17/08/2023 10
COPERNICUS/S2_SR/20230817T075619_2023
0817T075859_T38SLJ

6/09/2023 10
COPERNICUS/S2_SR/20230906T075609_2023
0906T080553_T38SLJ

6/10/2023 10
COPERNICUS/S2_SR/20231006T075809_2023
1006T075804_T38SLJ

5/11/2023 10
COPERNICUS/S2_SR/20231105T080029_2023
1105T080226_T38SLJ

15/12/2023 10
COPERNICUS/S2_SR/20231215T080239_2023
1215T080237_T38SLJ

RESULTS AND DISCUSSION 

In this study, the boundary of the study area, Patnos Dam and its surroundings, was initially 
defined on the GEE platform. Subsequently, Sentinel-2 data acquired on May, June, July, 
August, September, October, November, and December 2023 were defined in the code editor 
of the GEE. Attention was paid to the no cloud cover percentage during the selection of 
satellite images. RGB (Red-Green-Blue) band combinations were created for the selected 
satellite images (Figure 2). NDWI images were obtained using the Green and NIR bands 
(Figure 3). Then, water coverage, separated from other land use and land cover classes, was 
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mapped using threshold values applied to the NDWI images. Spatial and temporal changes in 
the dam water used for agricultural irrigation were delineated with water cover maps extracted 
for each month (Figure 4). 

Figure 2. Patnos dam natural color images for the year 2023 
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Figure 3. NDWI images of Patnos dam for the year 2023 

Figure 4. NDWI images of Patnos dam for the year 2023 obtained by applying Otsu 
thresholding method 

The pixel-based calculation of surface water areas of Patnos Dam is presented in Table 2. 
Monthly areal changes in the water body from May to December are obtained as 4.00, 4.12, 
3.51, 2.55, 1.45, 0.85, 0.94, and 1.28 km2, respectively. Upon examining the obtained results, 
the surface water area in the images was measured at its lowest in October and its highest in 
June. It is observed that after July, when intensive agricultural irrigation is conducted, the 
surface water area in the dam decreases until December. 

Table 2. Surface water areas of Patnos dam 

YEAR 2023

DAY

MONTH May

AREA 
(km2)
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CONCLUSION 

In this research, a total of 8 Sentinel-2 satellite images were used for the months of May, 
June, July, August, September, October, November, and December 2023. NDWI images were 
extracted from the satellite images, and the Otsu thresholding method was applied to extract 
water areas. Plans for the Patnos Dam should encompass the sustainable use of water 
resources and environmental protection. The management of the dam should be planned 
sustainably to meet the needs of future generations. In this context, adopting a management 
strategy that balances the economic, environmental, and social impacts of the dam is crucial. 
This study demonstrates the effective spatial and temporal monitoring of water structures 
through remote sensing technology. Conducting temporal changes in water resources quickly 
and practically with this and similar studies will be of great importance for water resource 
management. 
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ABSTRACT

In Turkey, the operation, maintenance, and management responsibility of irrigation networks 
began to be transferred to water user organizations with the work initiated in 1993. In this 
context, the management of irrigation networks built and operated by the general directorate 
for state hydraulic works (DSI) has been transferred to village legal entities, municipalities, 
irrigation cooperatives, and irrigation unions. In order to ensure agricultural sustainability, 
producers who carry out agricultural production in irrigation fields operated by the irrigation 
unions are required to pay the water usage fee to the irrigation unions. In the payment of 
water usage fees based on farmers' declarations, irrigation unions may experience financial 
difficulties from time to time due to farmers not making declarations of using water. In this 
context, the aim of this study is to develop an algorithm for detecting undeclared agricultural 
lands in the agricultural irrigation area of irrigation unions with Unmanned Aerial Vehicles 
(UAV). In order to make an exemplary application within the scope of the study, coordinated 
photographs of a study area of approximately 5000 hectares in Zara and Hafik districts of 
Sivas were taken between 8-11 August 2023 with a UAV with RTK (Real Time Kinematic) 
module. Parcel boundary data and cadastral island-parcel information of the agricultural lands 
within the study area were obtained through the parcel query application of the General 
Directorate of Land Registry and Cadastre. In the study, the MATLAB program was used and 
firstly, the shapefile containing the borders of agricultural lands was loaded as input. Then, 
coordinate information was taken as Latitude and Longitude from the metadata file of the 
photographs taken by the UAV. The aim here is to autonomously find out within which parcel 
boundaries the photographs were taken. As a result, there are "Island-Parcel Information, 
Parcel Boundaries and point coordinates of the photographs" of the parcels on the map layer 
of the study area. Thus, the user can easily determine which crop is planted in which parcel. 
After this stage, when the information recorded by the irrigation unions is examined, it can be 
determined whether the parcel on which the product is detected is declared or undeclared.
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With the algorithm developed within the scope of the study, undeclared agricultural lands 
within the borders of the irrigation union are identified more easily, time-, and cost-
effectively. Thus, the fees (real price + penalty) allocated from the farmers after the 
determination of undeclared agricultural lands during the annual irrigation periods will ensure 
that the services provided by the union can continue in a sustainable manner.

Keywords: Agriculture, Irrigation Union, Sustainable Irrigation, MATLAB, Image 
Interpretation 

INTRODUCTION

Water holds vital importance for the continuation of ecosystems and human life. Throughout 
history, humans have often established settlements and civilizations in areas close to water or 
easily accessible to water sources. However, factors such as rapidly increasing population, 
urbanization, industrialization, and agricultural irrigation are leading to the increasingly 
excessive consumption of natural water r
water consumption worldwide is for irrigation, 22% for industrial purposes, and 8% for 
drinking and domestic use. In developed countries, these proportions are 30%, 59%, and 11%, 
respectively, whereas in less developed countries, they stand at 82%, 10%, and 8% 
(UNESCO-WWAP, 2003). This situation once again underscores the importance of water 
management. 

Water management entails the planned development, distribution, and utilization of water 
resources. This is of significant importance in terms of the efficiency of irrigation systems and 

-defined management and 
operation policies are necessary for the effective management and distribution of water 
resources. Therefore, in many countries, irrigation networks have been delegated to water user 
unions to be managed more effectively and efficiently, aiming to reduce operation and 

agement is 
conducted through various entities such as the government, local authorities, the public, 

operation of irrigated areas and accelerated the transfer of irrigation network operations to 

continues to operate major irrigation facilities under its control, the operation of small 
irrigation facilities has been transferred to irrigation unions and cooperatives. Established as a 
result of the government's policy to transfer irrigation systems to local authorities, irrigation 
unions have gained legal personality within their service areas by collaborating with local 
governments and aiming to ensure farmers' ownership and protection of irrigation facilities 

re
Additionally, the duties and authorities of irrigation unions are determined by the approval of 
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While continuing their service processes, irrigation unions encounter numerous problems, one 
of which is insufficient financing. Due to reasons such as the high costs of irrigation networks 
within the boundaries of irrigation unions and the inability to fully collect irrigation fees or a 
portion thereof from farmers, unions have turned to new approaches. Thus, the sustainability
of irrigation unions is aimed to be achieved by balancing income and expenditure levels. 
Accordingly, this study aims to use Unmanned Aerial Vehicles (UAVs) within the 
agricultural irrigation area belonging to irrigation unions to identify undeclared agricultural 
lands within the field, thus providing support to the union's financial capacity by saving time, 
cost, and workload.

MATERIALS AND METHODOLOGY 

Study Area 

In order to test the algorithm developed for the detection of undeclared agricultural lands 
within the agricultural irrigation area belonging to irrigation unions using unmanned aerial 
vehicles, a study area was selected where different plant species exist within the boundaries of 
the Sivas/Zara district (Figure 1).

Figure 1. Map of the study area. 

Considering the selected area topographically, it is observed to have minimal differences in 
elevation, with an average altitude of 1330 meters. Additionally, the implementation of land 
consolidation in the selected area has ensured that agricultural land boundaries are orthogonal. 

449



This has facilitated smoother and more controlled flights with UAVs. The subsequent section 
will discuss the process of capturing photos with UAVs, followed by manual evaluation of the 
photos, and then elaboration on the developed algorithm. 

Initially, a vantage point dominant over the study area was selected for UAV flight. The DJI 
Phantom 4 RTK model was employed for the flight operations. Utilizing this model for flights 
ensured more accurate coordinate values compared to devices without RTK units. Given the 
priority of detecting undeclared fields within the boundaries of the irrigation union in the 
scope of the study, photos were taken with the UAV at approximately 25 meters altitude to 
ensure a comprehensive view of each cultivated and green parcel. This aerial photography 
process was conducted over the parcels depicted in Figure 1. The flight took place on August 
8, 2023, close to the harvesting times of plants, to enable accurate plant detection. 

The process of determining which photo belongs to which parcel and identifying the plant 
species within that parcel constitutes the majority of the study. Initially, to determine which 
photo belongs to which parcel, the coordinates of the points where the photos were taken are 
needed. For this purpose, all photos are loaded into the photogrammetric balancing software, 
Pix4D Demo Version (URL-1). Subsequently, using the software, the coordinates of all 
photos are saved into a single file in text format. In the next step, the coordinates of the photos 
are individually entered into the Geographic Query tab of the Parcel Query Application 
developed by the General Directorate of Land Registry and Cadastre (URL-2), and the query 
is completed (Figure 2). 

Figure 2. Parcel query application 

Upon querying, the map layer displays the parcel within which the point is located. 
Consequently, attribute information about that parcel (such as province, district, block 
number, and parcel number) is saved by the user into a separate file. This process is 
performed for each photo, determining which parcel the photos were taken on and identifying 
their attribute information. In cases where the number of photos to be queried is high, each of 
these steps will require significant labor and time. The subsequent step after determining 
which parcel the photos belong to is to identify the species of the cultivated plant within that 
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parcel. The user manually adds the plant species to the file containing attribute information, 
based on accumulated knowledge from the photos. Thus, determining which plant species are 
cultivated in each parcel during the flight period has been laboriously achieved using various 
programs and web-based applications. These evaluation steps have been redesigned to save 
time, cost, and workload. The programming phase of the developed approach has been coded 
in the MATLAB platform. With its user-friendly interface, extensive library support, and rich 
graphical capabilities, MATLAB is a useful platform for solving complex problems and 
exploring data. Initially, the developed code in the study prompts the user to upload the corner 
points of the parcels within the boundaries of the irrigation union. Subsequently, the program 
displays the parcel boundaries to the user on the map layer (Figure 3). 

Figure 3. Parcel boundaries 

In the next stage of the code, the user is prompted to select the file path containing the photos. 
As a result, which photo belongs to which parcel is displayed to the user on the map layer 
(Figure 4). 
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Figure 4. Parcel-Photo matching 

As a result, the manual steps performed by the user in the previous sections can be 
automatically executed through the code written in the MATLAB platform. 

RESULTS

The process of manually identifying undeclared agricultural lands within the agricultural 
irrigation area belonging to irrigation unions using unmanned aerial vehicles has been further 
enhanced with the approach developed using the MATLAB program.
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Figure 5. Parcel, photo and plant type matching 

In Figure 5, any photo selected by the user from the layer on the left side is displayed on the 
right side. Thus, the user can easily determine the species of the plant within that parcel 
without encountering any difficulty. After the evaluation of each photo is completed, the user 
can choose to save the file containing the attribute information and plant species obtained 
manually in the initial stages in either .xlsx or .txt format (Figure 6). 

Figure 6. The resulting output files 
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As a result, the manual processing steps mentioned in the earlier sections are automatically 
obtained through the code written in the MATLAB platform. Thus, significant savings in 
time, cost, and workload have been achieved compared to the previous method. 

CONCLUSION
Water management involves the planned development, distribution, and utilization of water 
resources. Since 1993, irrigation unions have assumed this task in agricultural irrigation areas 
in Turkey. These unions have employed many innovative approaches in parallel with the 
advancement of technology and continue to seek new methods. In this context, an approach 
has been developed using the UAVs to efficiently detect undeclared or falsely declared 
parcels, addressing one of the problems encountered by irrigation unions. This approach will 
result in significant savings in terms of time, cost, and workload for irrigation unions. With 
this approach, agricultural lands within irrigation unions are swiftly assessed through photos 
taken with UAVs, enabling the rapid identification of undeclared or falsely declared areas. 
Consequently, irrigation unions will be able to demand irrigation fees from landowners as 
penalties at the end of the irrigation season. Moreover, if landowners object to these irrigation 
demands, the photos taken can serve as evidence. 
Future studies will focus on developing UAV flight software capable of autonomous flight 
according to the flight plan created by the user for specific parcels. Additionally, a module 
will be designed, supported by artificial intelligence, to autonomously select plant species 
from the images as an additional feature of this software. Furthermore, extensions compatible 
with both web-based platforms and Android/IOS operating systems are planned to be 
developed for easier access to this software by users. 
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ABSTRACT 

The Vegetation Health Index (VHI) is a metric utilized to evaluate the well-being and status 
of plant life by analyzing satellite data. The VHI serves as a gauge of either stress or viability 
and is extensively employed in agriculture, ecology, and environmental surveillance to 
anticipate alterations in plant well-being. In addition, VHI is considered an essential factor in 
drought-related studies. This study aims to comparatively examine the VHI-based drought 

Landsat 8 satellite images for 2017 and 2023, 
together with meteorological data. Within the scope of the study, Landsat 8 satellite images 
acquired on 7 October 2017 and 8 October 2023 were used. The VHI, widely recognized 
metric derived from remote sensing data, amalgamates both the Temperature Condition Index 
(TCI) and the Vegetation Condition Index (VCI). Drought maps were created based on 2017 
and 2023 VHI images. Five (5) classes were created for drought severity images produced 
from the VHI images. These classes are defined as extreme drought, severe drought, moderate 
drought, mild drought, and no drought. The area information from the 2017 image for these 
classes was obtained as 0.16, 487.97, 2115.60, 918.46, and 134.66 km2, respectively. On the 
other hand, for 2023, these areas were calculated as 0.02, 404.33, 1806.92, 1274.37, and 
171.21 km2, respectively. Considering the comparison of the two results, the total of areas of 
no drought and mild drought areas is higher in 2023. Concerning the total of moderate, 
severe, and extreme drought areas, these areas were higher in 2017. This situation is also 
apparent when the images are compared visually. Since it would not be correct to say that the 
whole 2017 year was drier than 2023 based on a single image evaluation, meteorological 
parameters should also be examined together with these images. In this context, when the air 
temperature and rainfall amount were examined from daily meteorological observations one 
month before the image dates, it was seen that the one-month period in 2017 had higher air 
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temperatures compared to 2023. In addition, the amount of cumulative precipitation in the 
region during this one-month period remained lower in 2017 than in 2023. When these results 
are evaluated together, it is ordinary that the drought image of 2017 is drier than that of 2023, 
based on these two images. This study shows that drought severity studies produced with 
satellite data can be used in spatial and temporal drought assessment. However, it is clear that 
drought assessment only by interpreting a single pair of images is not sufficient, and 
meteorological data should also be examined together. 

Keywords: Remote Sensing, Drought, Satellite, Temperature Condition Index (TCI), 

INTRODUCTION 

Drought, a naturally-occurring phenomenon, exerts significant effects on economies, 
ecosystems, and the welfare of nearby inhabitants. This is a regular, recurring occurrence in 
climates that causes a drop in precipitation, deficiencies in soil water, variations in actual and 
potential evapotranspiration (ET), and other related issues throughout time (Lisonbee et al., 
2021; Yu & Guo, 2023). On the basis of the order in which droughts occur and affect people, 
four categories of drought have been proposed: the hydrological, agricultural, social-
economic, and meteorological types (Wilhite, 2000). Conventionally, droughts have been 
investigated and monitored primarily through the observations gathered from the ground 
stations. Weather data collected over time with comprehensive historical documentation 
facilitate precise drought monitoring (Du et al., 2018). Nevertheless, the density and 
distribution of these stations are frequently inadequate for detecting the necessary spatial 
information (Sheffield et al. 2012). 

To overcome these limitations, remote sensing technology provides the most effective 
solutions in monitoring drought across different spatial and temporal scales. Landsat satellite 
data stand out as a favorable choice among freely available remote sensing datasets such as 
SENTINEL, MODIS, and ASTER for conducting drought monitoring over extended periods 
at both local and regional levels (Ghaleb et al., 2015; Ozelkan et al., 2016; Arekhi et al., 
2020). The Vegetation Health Index (VHI) ranks among the most commonly utilized remote 
sensing indexes for tracking drought conditions (Kogan, 1997; Bento et al., 2018). The VHI, 
widely recognized metric derived from remote sensing data, amalgamates both the 
Temperature Condition Index (TCI) and the Vegetation Condition Index (VCI). The 
Normalized Difference Vegetation Index (NDVI) is employed to calculate the VCI, which 
assesses vegetation water stress by integrating data from both the near-infrared and visible 
sections of the electromagnetic spectrum. Conversely, the TCI is computed using Land 
Surface Temperature (LST) and is utilized to assess the heat stress of the vegetation. 

This study aims to examine comparatively the VHI images retrieved from Landsat 8 satellite 

Landsat 8 satellite images were acquired on 7 October 2017 and 8 October 2023. 

456



STUDY AREA AND MATERIAL 

Azerbaijan (including the area of Nakhchivan Autonomous Republic), was considered the 
study area (Figure 1). Covering an ar

Turkey's most fertile agricultural regions, experiences a continental climate. However, the 
lowland areas are not as affected by the typical continental climate found in other parts of 
Eastern Anatolia, owing to having a micro-climate effect. 

Landsat 8 is one of the latest satellite missions of the Landsat Mission. As material, Landsat 8 
satellite images acquired on 7 October 2017 and 8 October 2023 were utilized in this study. 
Apart from the Landsat 8 imagery, meteorological data, namely, air temperature and 
precipitation were used considering the one-month period before the image acquisitions. 

METHODOLOGY 

Utilizing satellite imagery for health monitoring of vegetation allows for the evaluation of 
coverage status of the vegetation responding fluctuations in meteorological conditions such as 
precipitation and temperature. Theoretically in remote sensing, healthy vegetation typically 
radiate more energy in the near-infrared (NIR) range of the electromagnetic spectrum than in 
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the visible red (RED) range. Once vegetation health get worse, it reflects a higher amount of 
red (RED) radiance and a lower amount of near-infrared (NIR) radiance. This principle 
inspired the creation of the Normalized Difference Vegetation Index (NDVI) as calculated 
below (Kriegler et al., 1969). 

(1)

The VCI is recommended to assess the drought conditions (Kogan, 1990). It functions as an 
indicator of vegetation coverage status by considering the highest and lowest NDVI values 
obtained within a specific period. The VCI is scaled between the minimum and maximum 
NDVI values for normalization. Its calculation involves utilization of NDVI values, as 
depicted in Equation (2). 

(2)

The terms NDVImin and NDVImax refer to the minimum and maximum NDVI values of an 
image. The TCI serves to quantify the thermal stress experienced by vegetation cover. The 
TCI is calculated utilizing the LST values, which is outlined in Equation (3) (Kogan, 1995). 

(3)

Where LSTmax and LSTmin represent the maximum and minimum LST values of an image, 
respectively. Kogan (2002) introduced the VHI, in Equation (4), which represents a weighted 
average of the TCI and the VCI with the goal of integrating evaluation of temperature stress 
and vegetation conditions. 

(4)

As the optimal weights for the TCI and VCI components are not typically known, the VHI 
calculation uses 0.5 alpha weight (Yagci, 2021). After obtaining the VHI images, they were 
classified into five categories based on the threshold values, as depicted in Table 1 
(Aitekeyeva et al., 2020) to obtain the drought severity maps. 

Table 1. Drought severity classes for the VHI. 

Severity Class Value
Extreme drought <10
Severe drought 10 20

Moderate drought 20 30
Mild drought 30 40
No drought >40

RESULTS 

Figure 2 and Figure 3 represent drought severity maps of 7 October 2017 and 8 October 2023, 
respectively. Drought severity maps include five classes, namely, extreme drought, severe 
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drought, moderate drought, mild drought, and no drought. The area information from the 2017 
image for these classes was obtained as 134.66, 918.46, 2115.60, 487.97, and 0.16 km2, 
respectively. On the other hand, for 2023, these areas were calculated as 171.21, 1274.37, 
1806.92, 404.33, and 0.02 km2, respectively. Considering the comparison of the two results, 
the total of areas of no drought and mild drought areas is higher in 2023. Concerning the total 
of moderate, severe, and extreme drought areas, these areas were higher in 2017. This 
situation is also apparent when the images are compared visually based on the study area. 
Based on these maps, No extreme drought is observed on both dates. In visual analysis, 
drought severity patterns are identical in both images; however, still few differences are 
monitored. The northern part of the study area is mainly composed of agricultural lands, while 

regions due to their land covers, including vegetation and snow. Moderate and Severe 
Drought regions are mainly open areas including bare lands and rock fields.  

Figure 2. Drought severity maps of 7 October 2017. 
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Figure 3. Drought severity maps of 8 October 2023. 

Considering the comparison of the two images, the drought severity of 8 October 2023 is 
lower than 7 October 2017. Based on this evaluation, it is not correct to say that 2017 was 
drier than 2023 based on a single image evaluation. For yearly drought severity assessment, it 
is required to extract time series VHI images of the corresponding year for the whole study 
area. To better understand the drought severity differences in Figures 2 and 3, air temperature 
and precipitation parameters should be investigated, as well. Therefore, air temperature and 
precipitation data covering the one month before the image acquisition dates were also used to 
interpret the resulting drought maps (Figure 4). In this context, when the air temperature and 
rainfall amount were examined from daily meteorological observations, it was seen that the 
one-month period in 2017 had higher air temperatures (most of the days are above 30 oC) 
compared to 2023. In addition, the amount of cumulative precipitation in the region during 
this one-month period remained lower in 2017 than in 2023. When these results are evaluated 
together, it is ordinary that the drought image of 2017 is drier than that of 2023 based on these 
two images. 
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Figure 4. Air temperature and precipitation data covering the one month prior to the image 
acquisition dates. 

CONCLUSION 

2017 and 2023 were examined and drought severity maps were obtained from these VHI 
images. Then, the drought severity maps were analyzed together with meteorological data. 
Based on the area information of the drought severity classes of the two images, the total of 
areas of no drought and mild drought areas was higher in 2023. Concerning the total of 
moderate, severe, and extreme drought areas, these areas were higher in 2017. This situation 
is also apparent when the images are compared visually based on the study area. Since it 
would not be correct to say that 2017 was drier than 2023 based on a single image evaluation, 
meteorological parameters were also examined together with these images. It was seen that 
while air temperature was higher, rainfall amount was lower in 2017 compared to 2023 
considering the one-month period prior to the image acquisition dates. This study analyzes a 
single image dataset for 2017 and 2023, which does not represent the whole year based on 
drought analysis. The results only give us information about the drought condition of the 
study area for the same period of different years. This study shows that drought severity 
studies produced with satellite data can be used in spatial and temporal drought assessment. 
Thus, in conclusion, we can say that remote sensing technology is one of the best tools to 
provide spatiotemporal drought analysis and monitoring. 
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ABSTRACT
Introduction and Purpose: Gluten quality directly affects the quality of the products in 
which it is used. Therefore, vital wheat gluten (VWG) is employed to enhance flour quality. 
The use of VWG allows the improvement of protein values in flours with low protein content. 
VWG is a protein concentrate with high viscoelasticity. Obtained through a method known as 
the "dough process", VWG plays crucial roles in improving dough properties and increasing 
bread volume. The drying stage of the obtained method is a critical step, as it can negatively 
impact the heat sensitive VWG. For the dried powder to be termed VWG, it must meet certain 

fiber content. Wheat 
used for gluten production is expected to have high protein content and be economically 
viable. Quality determinants of VWG include product color and odor, water-binding capacity, 
microbiological content, and chemical compositions such as protein and moisture. Discussion 
and Conclusion: This study provides information on the production and applications of 
VWG in the food industry. VWG, commonly used in the bakery industry, is obtained through 
a process involving washing and drying wheat flour. The drying process is critical due to the 
thermal denaturation caused by high heat. Therefore, careful attention is required during the 
drying process to preserve the functional properties of VWG.The addition of VWG to wheat 
flour is expected to improve dough quality and gluten network structure. Determining the 
gluten network structures is a crucial step to assess the rheological properties of VWG, as the 
strength of the dough is largely dependent on the arrangement of the gluten network. 
Determining the rheological properties of VWG allows to produce high-quality flour and 
bakery products in this field.

Key Words: Vital Wheat Gluten; Food Industry; Food Quality; Dough Process

INTRODUCTION 

Gluten is a highly versatile wheat protein found in wheat, barley, and rye flours (Blomfeldt et 
al., 2010). The structure of gluten, which imparts texture to foods, includes the proteins 
gliadin and glutenin. Gliadin is an antigenic substance with high extensibility that provides 
the stickiness of the dough. Glutenin contributes to the dough's tensile strength, providing 
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elastic properties. Some characteristics of the dough, such as water capacity, elasticity, and 
baking values, are dependent on the amount of gluten present (Pycia, Kaszuba, Posadzka, & 
Juszczak, 2023).
The quality of gluten directly affects the quality of the products in which it is used. Therefore, 
some methods are being developed to improve the quality of flour. One of these methods is
the use of vital wheat gluten (Pycia et al., 2023). Vital wheat gluten is added to weak wheat 
flours to improve the quality of bread. The use of vital wheat gluten allows for the 
enhancement of protein values in flours with low protein content. Additionally, it is included 
in formulations with reduced gluten for flours that contain bran (Ortolan & Steel, 2017a).
Vital wheat gluten is a protein concentrate with high viscoelasticity. Obtained through a 
method called the "dough process," vital wheat gluten plays crucial roles in improving dough 
properties and increasing bread volume. The dough process method is based on production 
processes first described by the Italian chemist Beccari in 1728 (Uthayakumaran & Wrigley, 
2017). This method involves washing the wheat flour dough with water. Subsequently, 
through a centrifuge process, water-soluble components, especially starch, are separated from 
the dough. Next, there is a stage of drying the wet gluten. Keeping the wet gluten for an 
extended period can lead to microbiological spoilage. The drying process is conducted at high 

(Ortolan 
& Steel, 2017b). Therefore, the drying stage is a crucial step as it can adversely affect heat-
sensitive vital wheat gluten (Ortolan, Urbano, Netto, & Steel, 2022).
To ensure the preservation of the functional properties of vital wheat gluten, the drying 
process must be carried out carefully. Wet gluten with approximately 70% moisture content is 
transferred to ring dryers to be mixed with previously dried gluten. During the process, dried 
gluten is crushed, and new wet gluten is added intermittently. Other drying processes used in 
the industry include freeze-drying, vacuum drying, oven drying, and drum drying. The 
product obtained after the drying process is ground into a fine powder (Ortolan & Steel, 
2017a).

For the dried powder to be termed as "vital wheat gluten," it needs to meet certain conditions. 
Under these conditions, 

At least 80% crude protein on a dry matter basis, 
Moisture content not exceeding 10%, 
Ash content not exceeding 2%, 
Crude fiber content not exceeding 1.5% (Schopf, Wehrli, Becker, Jekle, & Scherf, 

2021).

High-protein flours are used in the production of vital wheat gluten to ensure a high protein 
content. This allows for the creation of strong gluten bonds, resulting in a productive outcome 
from the obtained product (Ortolan & Steel, 2017a).
The quality of vital wheat gluten depends on the production stages and the type of wheat used. 
It is expected that the wheat used for gluten production has high protein content and is 
economically viable. Quality determinants of vital wheat gluten include product color and 
odor, water-binding capacity, microbiological content, and chemical compositions such as 
protein and moisture (Ortolan & Steel, 2017c).
Vital Wheat Gluten Production 

Vital wheat gluten is marketed as a powdery substance with a creamy color. When 
mixed with water, gluten forms a viscoelastic mass. It shows continuous growth as a plant-
based protein source worldwide. Over the last 30 years, the consumption of vital wheat 
protein, whose production has increased tenfold, is also rapidly increasing (Day, 2011).
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Currently, prominent countries among vital wheat gluten producers include the United States, 
Australia, and Canada, along with Germany and France. In the Asian region, China and India 
stand out as two significant countries (Ortolan & Steel, 2017b). China takes the lead with 
cheap labor and a high volume of wheat. It exports a significant amount of vital wheat gluten 
to the United States due to its low production cost.

Chemical Properties of Vital Wheat Gluten 

Vital wheat gluten, also known as a protein concentrate, contains approximately 80% 
protein. Its composition includes approximately 20% carbohydrates, mostly of starch, 7% 
moisture, and 6% lipids. In addition to these components, it contains small amounts of 
minerals (1%) and fiber (<1%) (Day, Augustin, Batey, & Wrigley, 2006). The amount of 
starch in the structure of vital wheat gluten significantly decreases because of the washing 
process (Miller & Hoseney, 1999).
Vital wheat gluten's rheological properties need to be determined by examining the behavior 
of gluten networks within the dough. This is because the strength of the dough is dependent 
on the arrangement of the gluten network. According to the loop-train theory (Belton, 1999),
hydrogen bonds between glutenin and gliadin, in addition to disulfide bonds in proteins, 
contribute to the formation of the gluten network .
According to this theory, repetitive regions containing water form loops. When processes like 
dough mixing are applied, these loops disappear, and trains of chains are formed. While the 
elongation of bonds leads to entropy loss, it contributes to the formation of new bonds, 
ensuring the stability of the system (Ortolan & Steel, 2017b). The Belton model (1999), along 
with the MacRitchie model (Southan & MacRitchie, 1999), has been established to explain 
the wheat gluten structure and forms the basis for understanding the structural function of the 
dough. According to this model, gluten polymers are entangled with each other. The network 
structure of gluten is strengthened through interactions between covalent and non-covalent 
bonds present in the gluten network (Ortolan & Steel, 2017a).

Rheological studies on gluten are divided into fundamental tests and experimental tests. 
Rheological measurements conducted using fundamental tests provide information about the 
strength of gluten networks. On the other hand, experimental tests evaluate dough quality. 

Proteins in wheat flour are hydrated through mechanical and water treatment 
processes. This enables the development of the gluten network (Belton, 2005). Due to the 
presence of solvents and salt, the interactions between gliadin and glutenin in the gluten 
structure are affected (Tuhumury, Small, & Day, 2014). The salt concentration reduces 
protein repulsion force. In this case, the interaction between gliadin and glutenin increases, 
strengthening the gluten network (Ortolan et al., 2017).

The components of wheat flour affect the macromolecular behavior of the dough. 
Water molecules added to wheat flour are distributed heterogeneously around protein chains. 
Mixing process results in homogeneous distribution of protein chains and starch granules. The 
duration of the mixing process is a critical step. When the duration is exceeded, proteins 
undergo depolymerization, leading to excessive water loss. The gluten network structure 
becomes destabilized, making it unsuitable for bread production (Ortolan & Steel, 2017b).

The chemical compositions of gliadin and glutenin, which affect the structural 
properties of glutenin, contribute to the stabilization of the formed network structure. 
Additionally, the presence of non-covalent interactions and hydrophobic amino acids helps 
stabilize the gluten network structure (Schiedt, Baumann, Conde-Petit, & Vilgis, 2013).
Gluten polymers contribute to the development of the network structure by forming disulfide 
bonds between gliadin and glutenin chains. The most crucial structural element of the gluten 
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structure, disulfide bonds, consists of cross-links. Disulfide bonds provide durability to the 
dough, imparting elasticity to the gluten structure. To produce high-quality bread, it is 
essential to maintain a balance in the ratios of gliadin and glutenin (Schopf & Scherf, 2020).

Uses of Vital Wheat Gluten 

Vital wheat gluten is a protein source with high digestibility that has become widely used in 
the food and feed industry (Apper-Bossard, Feneuil, Wagner, & Respondek, 2013). Vital 
wheat gluten used in the food industry is employed to enhance the protein content of flour and 
improve the quality of bread . Additionally, it 
is preferred in the production of specialty breads that involve a long fermentation process, 
require more volume, or contain fiber or seeds.

Vital wheat gluten, commonly used in the baking industry, is becoming increasingly 
popular to strengthen flours that may be insufficient for bread making (Marchetti et al., 2012). 
The viscoelastic properties provided by vital wheat gluten increase gas retention capacity. 
This enhances bread volume, improving the texture and homogeneity of the bread. 
Additionally, the increased water absorption capacity contributes to the softness of the bread, 
leading to enhanced efficiency and extended shelf life of bread products. In the baking 
industry, gluten quality is a crucial criterion. The evaluation of gluten quality involves testing 
the texture improvement and volume-increasing capacities of bread fortified with vital wheat 
gluten (Chandi & Seetharaman, 2012). The concentrations of vital wheat gluten added to 
wheat flours are typically around 5%. This amount varies based on the type of final product, 
the quality of the flour to be modified, and the desired protein content. 
Vital wheat gluten is also being used in pasta production to strengthen the structure of the 
existing flour. The incorporation of vital wheat gluten in pasta production has been observed 
to reduce stickiness in cooked pasta and minimize cooking losses (Ortolan & Steel, 2017c).
Furthermore, due to its ability to encourage interaction between water and oil during 
emulsification, vital wheat gluten is preferred for meat products. With a decreasing preference 
for meat consumption and growing concerns about food safety, there is a search for 
alternative sources of animal proteins. Therefore, the use of vital wheat gluten-enriched meat 
products is becoming more widespread. The incorporation of vital wheat gluten in meat 
products enhances slicing characteristics, serves as a protein binder, and minimizes cooking 
losses. Additionally, with the increasing popularity of vegetarian diets, vital wheat protein, 
exhibiting a meat-like structure, is used in vegetarian burgers (Day, 2011).
Additionally, if it complies with standards, the viscoelastic property of gluten allows it to be 
used as a milk protein in cheese products. This enables the substitution of vital wheat gluten 
for a portion of the more expensive sodium caseinate, resulting in cost savings. Apart from 
these products, vital wheat gluten, due to its high glutamine content, is an ideal product for 
monosodium glutamate production and can also be used as a thickening agent in purees and 
sauces (Ortolan & Steel, 2017b).
Vital wheat gluten, its interaction with fat and water absorption capacity, can be used to meet 
the nutritional needs of animals. It enhances the breaking resistance of products like biscuits 
and crackers, facilitating their use during packaging and transportation (Ortolan & Steel, 
2017c). In aquaculture, fish meal is preferred as a protein source to ensure efficient 
production conditions for aquaculture. However, due to sustainability concerns and limited 
availability in the market, the use of fish meal in diets has started to decrease. As a result, 
research has been initiated to explore plant proteins that can substitute for fish meal protein. 
In this context, the use of vital wheat gluten has shown promising results (Apper-Bossard et 
al., 2013). Vital wheat gluten, with its high digestibility, has been introduced as a feed 
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ingredient and has been found to have no anti-nutritional effects when used as a substitute for 
fish meal. (Tusche, Arning, Wuertz, Susenbeth, & Schulz, 2012).

One of the uses of dried powdered gluten is in the production of breakfast cereals, 
such as those manufactured by the Kellogg's brand (Thompson & Raymer, 1958). Vital wheat 
gluten contributes to the textural durability of breakfast cereals, and besides providing protein, 
it also contains rich components of vitamins and minerals. This makes it easier for the cereal 
or flakes to bind together (Day, 2011).

Vital wheat gluten, due to its elastic properties, is utilized as an edible film in non-
food applications. Additionally, with the growing demand for natural and plant-based 
ingredients, wheat proteins, including gluten hydrolysate, are increasingly used in cosmetic 
products. Gluten hydrolysate is known for its moisturizing and foaming properties.  

CONCLUSION

Vital wheat gluten (VWG), which is widely used in the bakery industry, is obtained through a 
process that involves washing and drying wheat flour. The drying process is critical due to 
thermal denaturation caused by high heat. Therefore, care must be taken during the drying 
process to preserve the functional properties of VWG. The addition of VWG to wheat flour is 
expected to improve dough quality and gluten network structure. Since the strength of the 
dough largely depends on the arrangement of the gluten network, determining the gluten 
network structures is a crucial step to evaluate the rheological properties of VWG. 
Determination of the rheological properties of VWG allows the production of high-quality 
flour and bakery products in this field. More studies are needed on VWG, whose use has 
become widespread in the field of food.
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ABSTRACT 
Introduction and Purpose: With the increase in the world population, nutrition has become 
a factor affecting food production. Researchers are exploring ways to address malnutrition 
without consuming more resources. The rise of technologies such as artificial intelligence 
(AI) today presents a potential tool for supporting future food supply. The food industry is 
integrating AI to meet the future demand for food. This allows the shaping of the future of the 
food industry with increased efficiency and innovative solutions. AI is defined as the ability 
of a system to understand external data and perform a specific task using what it has learned 
from that data. Among the advantages of these systems are ease of use, minimal workforce 
requirements, and high accuracy in the results obtained. Some smart systems used in the food 
sector include electronic tongues (ETs), electronic noses (ENs), and next-generation 
sequencing (NGS) sensor applications. Discussion and Conclusion: This study focuses on 
the advantages and implementation of AI in the food industry. AI technology is an area with 
limitless potential, profoundly influencing the food industry as science and technology 
progress. It is anticipated that significant investments will be necessary in the future for this 
technology in the food industry. The use of AI facilitates the detection and solution of 
problems in food production. Researchers have already made significant contributions in this 
field, and it is expected that substantial investments will be required in the future for the 
widespread implementation of this technology in the food industry. In the future, with the use 
of AI, farmers will have enhanced planning opportunities in agriculture. This will enable the 
most efficient use of existing resources. The goal for the future should be to identify suitable 
facilities and areas for research and development in this field.

Key Words: Artificial Intelligence Technology; Food Industry; Food Quality; Malnutrition

INTRODUCTION 

In recent years, many factors have emerged that affect food production globally (Kakani, 
Nguyen, Kumar, Kim, & Pasupuleti, 2020). One of the most important factors among these is 
the increasing demand and the challenge of feeding the growing global population. The Food 
and Agriculture Organization (FAO) of the United Nations highlights that, with population 
growth, the global population could reach approximately 9.1 billion by 2050 (Godfray, H. C. 
Et al., 2010). This situation poses challenges such as inadequate nutrition and the inability to 
meet essential nutritional needs. Researchers are exploring ways to address this situation 
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without causing harm to the environment and without further depleting global resources 
(Habicht, Pelto, Pelto, Frongillo, & Rose, 2004).
Contemporary innovations in the food industry have opened doors to new food production 
and processing techniques. The growing health consciousness among consumers has become 
a critical factor influencing the food market (Azzurra & Paola, n.d.). The tendency of 
consumers to prefer healthier products with higher nutritional values has led the food industry 
to adopt various food processing techniques. These techniques meet market demand and 
ensure efficient production rates. The use of modern machinery in agriculture and food 
processing has been the first step towards incorporating smart machines and production lines 
(Mahalik & Nambiar, 2010).  The increase in the use of Fourth Industrial Revolution (4IR) 
technologies, such as artificial intelligence, in contemporary business models has the potential 
to support future food supply and address demand challenges.

The food industry, like many other sectors, is integrating artificial intelligence to meet 
future food demand. This integration covers a wide range of applications, including supply 
chain management, food classification, production improvement, food quality enhancement, 
and appropriate industrial hygiene (Addanki, Patra, & Kandra, 2022). Thus, increasing 
efficiency in the industry and shaping the future of the food industry with innovative 
solutions. The integration of artificial intelligence into the food industry symbolizes a 
transformation to meet societal needs and support economic growth. Computer-aided systems 
enable the use of appropriate conditions in food processing, packaging, and temperature 
control, enhancing the quality of food industry products (Kumar, Rawat, Mohd, & Husain, 
2021). The technological devices used in artificial intelligence systems play a crucial role in
reducing packaging costs and facilitating the delivery of food products. Additionally, artificial 
intelligence can provide a feedback loop for existing food safety and quality programs, 
evaluating the extent to which these programs meet the goals and expectations of business 
quality assurance management (Quality, 2023).

CURRENT PROBLEMS OF THE FOOD INDUSTRY 

In recent years, many factors affecting food production worldwide have been discussed. The 
most significant among these factors is the nourishment of the growing population. According 
to the United Nations, it is stated that 2 billion people worldwide will suffer from hunger 
(Quality, 2023). It is anticipated that due to the lack of access to sufficient and nutritious food, 
moderate and severe malnutrition situations will emerge (Kenneth & Kerber, 2010). Another 
significant issue in the food sector is the waste of one-third of the produced food each year. 
This situation caused by food waste indicates a decrease in both the quantity and quality of 
food (Misra et al., 2022). This widespread issue occurs throughout the entire supply chain 
from production to consumption. Therefore, it is emphasized that ways to minimize food 
waste should be sought in various parts of the supply chain (Quality, 2023). The 
environmental impacts of these issues are seen as the main cause. The food sector is 
responsible for 70% of all environmental problems, including agriculture, logistics, and food 
processing stages (Zhao et al., 2019).
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ARTIFICIAL INTELLIGENCE 

Artificial intelligence technology involves a theory and computation system that can mimic 
human intelligence. The father of artificial intelligence, John McCarthy, defines it as "the 
science and engineering of making intelligent machines." (Prakash et al., 2023). Artificial 
intelligence is widely used in every technology field. This situation provides the opportunity 
to effectively solve global problems, automate various industries, and particularly 
revolutionize products in the food industry (Quality, 2023). 
Artificial intelligence is defined as the ability of a system to understand external data, learn 
from that data, and perform a specific task using the acquired knowledge. External data is 
obtained from various sources (Internet of Things (IoT), big data sources), and the system, 
using predefined rules and patterns, works towards achieving a specific goal (Thapa et al., 
2023). Knowledge-based systems are one of the first effective artificial intelligence models 
applied in the industry. A knowledge-based system represents complex tasks solved by 
algorithms from external sources. This type of artificial intelligence model relies on physical 
principles or human expert knowledge to perform complex tasks (Kakani et al., 2020). In this 
context, the two most used techniques of artificial intelligence are machine learning and deep 
learning (Prakash et al., 2023a). Machine learning is entirely data-driven, and, unlike 
knowledge-based artificial intelligence, it does not involve human-based rules. This involves 
exposing the machine to large amounts of data. When presented with new input, the machine 
predicts or makes informed decisions based on what it has learned from this data. Machine 
learning is a valuable tool that allows computers to adapt based on previous experiences, 
make data-driven decisions, and solve complex problems. It fundamentally provides the 
opportunity for computers to learn despite sensitive programming (Thapa et al., 2023). Deep 
learning is a subset of machine learning that involves algorithms based on increasing layers of 
artificial neural network cells, called artificial neurons, and mimics the human brain. 

APPLICATION OF ARTIFICIAL INTELLIGENCE IN THE FOOD INDUSTRY AND 
AGRICULTURE  

Food Industry 

Intelligent and enhanced methods are successfully applied in the food industry. Application 
areas include managing the supply chain, quality control, ensuring compliance with food 
safety, predicting consumer preferences in advance, and achieving high efficiency through 
cost savings (Thapa et al., 2023). In the food industry, techniques such as machine learning 
(ML), adaptive neuro-fuzzy inference systems (ANFIS), expert systems (ES), fuzzy logic 
(FL), and artificial neural networks (ANNs) are used. While expert systems (ES) were 
initially explored and yielded successful results in artificial intelligence models applied to 
food, there has been a transition to ML-based artificial intelligence models due to data 
uncertainty. Considering the complexity of the food industry system, ML-based artificial 
intelligence is believed to be the most effective model. 

Agriculture 

Food processing is a challenging task that involves various activities such as separating raw 
materials and using various machines and equipment. Each product needs to be evaluated for 
quality before transportation. Nowadays, many food companies utilize artificial intelligence 
technology to automatically assess the quality of products ready for shipment. 
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The agricultural sector has aimed to achieve crop yields based on traditional methods for 
many years. However, with the increasing demand for products in the early 1980s, the balance 
of crop yields has changed. Over time, migration to cities has led to a decrease in the number 
of farmers. Innovations have been introduced to address these challenges in the agricultural 
sector. These innovations have expanded the scope of finding solutions to existing problems, 
allowing for the implementation of new practices (Kakani et al., 2020). Some of these 
applications include soil monitoring, predictive analysis, and robocropping. Soil monitoring 
allows the tracking of soil health and the progress of agricultural products. This enables 
healthy agricultural development and identification of faulty agricultural products. Predictive 
analysis examines the environmental impacts on crop yields. Weather forecasts are used for 
appropriate scheduling and crop selection for agricultural lands. Robocrops are a system that 
accelerates the production process. In this system, products are monitored by a high-
resolution precision system. The presence of cameras and sensors in the system enhances 
production performance. In recent years, various studies on the use of robocropping have 
begun. According to the data obtained, it has become popular due to its ability to increase 
efficiency and reduce labor (Kumar et al., 2021). The use of artificial intelligence in the 
agricultural sector is revolutionary and represents a suitable solution for the future of 
agriculture (Prakash et al., 2023a). 

Packaging 

The use of artificial intelligence systems in the food industry helps reduce packaging costs 
. The orderly sorting and packaging of food 

products is a time-consuming process for production units. Efficient results can be achieved 
by using an artificial intelligence-based sorting and packaging system (Kumar et al., 2021).
Today, the TOMRA system successfully performs the sorting task. Traditional methods can 
only characterize products based on their appearances. However, with the TOMRA system, it 
is indicated that sorting and separation issues in some vegetable products can be improved by 
5-10%, and production efficiency can be increased by 90% (Pnishchuk, 2020). Additionally,
the use of artificial intelligence enables a more comprehensive examination of data related to
foodborne outbreaks, relevant health records, and final products. Many countries have
hygiene guidelines for food processing units. The applicability of these guidelines is
increasing through artificial intelligence-based systems (Kumar et al., 2021).

Consumer Preferences 

Based on some obtained data, analyzing the behavior of the target audience enables the 
development of marketing strategies for the sector. Sales data evaluation helps identify 
products in high demand. With this information, new products can be introduced to the 
market, and customer feedback can be turned  into an advantage (Quality, 2023). Data 
collected by customer decision-making systems can also be used for the introduction of new 
products. The gathered information is processed by a machine learning-based data system to 
obtain accurate decision mechanisms for the product (Wardah, Djatna, Marimin, & Yani, 
2020). This allows customer preferences to be determined using a machine learning-based 
artificial intelligence method. A notable example of this is the beverage services found in 
many regions of the United States. With these services, customers select a product based on 
their preferences, and these choices are recorded by the machine. Analysis conducted by 
machine learning and deep learning algorithms can provide insights into which products are 
more popular, whether the introduction of new products is sufficient or not (Kumar et al., 
2021).
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Supply Chain 

The most crucial application of artificial intelligence technology in the food industry can be 
identified in the supply chain. Artificial intelligence technology, used to monitor every stage 
of the supply chain, manages tasks ranging from price control to inventory management. By 
ensuring the orderly and disciplined operation of each stage, it can also identify factors that 
may lead to the spoilage of products (Bhattacharyya, Maitra, & Deb, 2021).

Hygiene 

In the food processing industry, hygiene is of critical importance. Even a minor contamination 
in food can pose significant risks (Quality, 2023). Artificial intelligence technology can be 
used to ensure hygiene standards in the food processing industry. This helps maintain 
sustainability in food quality (Prakash, Mishra, Meena, Pandey, & Pandey, 2023b). Artificial 
intelligence is widely accepted by many companies due to its ability to be used in a sterile 
manner without human interaction. For this purpose, artificial intelligence -based cameras are 
utilized to reduce the risk of contamination resulting from contact with food (Kumar et al., 
2021).

Artificial Intelligence Supported Smart Systems in the Food Industry 

In recent years, the use of artificial intelligence-supported sensors and smart systems in the 
food sector has become more widespread. The advantages of these systems include ease of 
use, requiring less manual labor, and high accuracy in the obtained results. Some of the smart 
systems used in the food sector include electronic tongues (ETs), electronic noses (ENs), and 
next-generation sorting (NGS) sensor applications (Thapa et al., 2023). An electronic tongue 
is a device designed to detect tastes, and it is used to analyze various complex systems. 
Examples of applications include distinguishing different types of chemical substances, both 
organic and inorganic. Electronic tongue systems have become significant tools in quality 
management and assurance for food products (Liu et al., 2020). Figure 1 illustrates the general 
layout of the electronic taste system. 

Figure 1. Schematic of intelligent electronic tongue system 

The advantages of electronic taste devices include obtaining direct and easy results, as well as 
solving problems containing missing and uncertain information. This allows for cost and time 
savings. However, a disadvantage is the inability to generalize due to being derived from 
fixed norms (Thapa et al., 2023). 
The electronic nose is a device that mimics the human nose to detect odors. Designed to 
distinguish between simple and complex smells, this device plays a crucial role in 
determining product quality in the food industry (Yan et al., 2015). Figure 2 illustrates the 
general layout of the electronic nose system. 
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Figure 2. Schematic of intelligent electronic nose system 

The advantages of electronic nose devices include providing 100% accurate results, while the 
drawback is the expensive design (Thapa et al., 2023).

The next-generation sequencing systems refer to a DNA sequencing technology. 
Although it is not used routinely in clinics yet, it has started to replace the traditional Sanger 
sequencing method. With this technology, the human genome can be fully sequenced in a day, 
compared to the ten years it took in the Sanger system (Behjati & Tarpey, n.d.). When looking 
at the application areas in the food sector, it is observed that artificial intelligence can quickly 
detect situations that may pose a danger and provide effective solutions. Preferred in data 
collection and laboratory areas, this system helps prevent foodborne infectious diseases 
(Kumar et al., 2021).

Advantages and Disadvantages of Using Artificial Intelligence 

Artificial intelligence, which offers many advantages compared to traditional methods, has 
started to be adopted in various fields, including the food sector. The use of artificial 
intelligence in the food industry requires less human error and less labor compared to 
traditional methods. This not only reduces resource wastage but also provides cost savings. 
The artificial intelligence system, contributing to increased customer satisfaction, offers 
advantages such as adaptability to custom orders. The accuracy of the results obtained from 
the system is very high. Additionally, the production speed and consistency of the results are 
crucial features of this system. Moreover, artificial intelligence systems used in the food 
sector can also be employed in cleaning and hygiene tasks to ensure food safety (Prakash et 
al., 2023b).  
The use of artificial intelligence enhances production processes, ensuring compliance with 
food quality standards. When this system is implemented from agriculture to the product, the 
development of food products can significantly accelerate. Analyzing optimal conditions such 
as seed and product selection, humidity, and temperature allows for the improvement of food 
quality. Cost management and inventory controls enable effective supply chain management 

. The use of artificial intelligence in complex food distribution networks 
provides companies with the opportunity to obtain a comprehensive overview. This enables 
companies to increase their growth and revenue rates (Thapa et al., 2023).  
The suitability of artificial intelligence systems in the food sector needs to be carefully 
selected (Miyazawa et al., 2022). The ability of artificial intelligence to perform complex 
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tasks in place of humans is crucial. For this purpose, the costs of the systems used are found 
to be high. Expert opinions are necessary for artificial intelligence systems. Moreover, one of 
the most prominent disadvantages of artificial intelligence is widely believed to be 
unemployment, as the shift from human labor to machine labor is thought to contribute to this 
situation (Thapa et al., 2023). The advantages and disadvantages of artificial intelligence 
usage are summarized in Table 1. 

Table 1. Advantages and Disadvantages of Artificial Intelligence Usage 
Advantages Disadvantages

High response speed Construction and design cost
Low error rate compared to human errors Not widely used
Reliable and understandable mechanism Requires expert
Noise resistance Difficulty explaining the performance of 

some models
Resisting interruptions
Obtaining easier and more direct results
Saving cost and time by solving problems 
containing incomplete and unclear 
information

APPLICATION OF ARTIFICIAL INTELLIGENCE IN THE FOOD INDUSTRY IN 
THE FUTURE 

Artificial intelligence technology is a field with unlimited potential. This technology 
profoundly influences the food industry, much like in every other area, with advancements in 
science and technology (Ding et al., 2023). In the future, significant investments in artificial 
intelligence technology are anticipated in the food industry. The use of artificial intelligence 
facilitates the detection and resolution of potential issues in food production. Researchers 
have already made important contributions in this field. With the increasing use of artificial 
intelligence in the future, farmers in the agricultural sector will have better planning 
opportunities. This will enable the most efficient use of existing resources. The goal for the 
future should be to identify suitable facilities and areas for research and exploration in this 
field (Kumar et al., 2021). 

CONCLUSION AND DISCUSSION 

This study focuses on the advantages and implementation of AI in the food industry. AI
technology is an area with limitless potential, profoundly influencing the food industry as 
science and technology progress. It is anticipated that significant investments will be 
necessary in the future for this technology in the food industry. The use of AI facilitates the 
detection and solution of problems in food production. Researchers have already made 
significant contributions in this field, and it is expected that substantial investments will be 
required in the future for the widespread implementation of this technology in the food 
industry. In the future, with the use of AI, farmers will have enhanced planning opportunities 
in agriculture. This will enable the most efficient use of existing resources. The goal for the 
future should be to identify suitable facilities and areas for research and development in this 
field.
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Abstract. The article shows some important results of modern ecological and biological 

diagnostics of soils in biocenoses of the Sheki-Zagatala economic region. The materials were 

collected in five biotopes, representing different stages of the replacement of meadow 

phytocenoses by forest ones; in the process of their development, the initial state of alluvial-

meadow clay soil on carbonate-clay alluvium changed to one degree or another. The content 

of humus, humidity and water content in the soils of each biotope was studied and compared. 

Modern soil studies of the selected territory are of great importance from the point of view of 

protecting soil resources and involvement in agriculture of the Republic of Azerbaijan.

Keywords: vegetation, soil moisture, seasonal factors, water content, ash elements

Introduction. The study of biological indicators of soils is of great importance when 

involving virgin soils in agriculture. Soil, as a component of the biosphere and a product of 

the interaction of living matter and rocks, is an area of high concentration of living matter, 

associated energy, metabolic products and death. The species composition of forest 

biogeocenoses, some of which were created artificially on the site of indigenous floodplain 

meadows [1,2,5]. Managing the processes of soil degradation and reproduction requires 

comprehensive soil-ecological monitoring, which is a system of observations of the ecological 

state of soils for the purpose of their rational use and protection. Soil protection has become a 

global issue that transcends the national borders of each country. Anthropogenic impact and 

disruption of the natural ecological balance of agriculture lead to degradation of natural 

biogeocenoses, mineralization of humus in the soil, and accumulation of salts along the 
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profile. When studying the balance of nutrients, nitrogen, phosphorus and potassium enter the 

soil with precipitation and irrigation water and have empirical significance as a factor 

determining their leaching by filtration waters [3,6,8]. The purpose of the work is to diagnose 

modern ecological and biological diagnostics of soils under agrocenoses of Sheki, Zagatala 

economic region. The material was collected in five biotopes, representing different stages of 

the replacement of meadow phytocenoses by forest ones, in the process of their development, 

changed to one degree or another the initial state of alluvial-meadow clay soil on carbonate 

clay alluvium. Each of them contains a detailed description of the vegetation, in soil sections 

were full morphological description was made, and samples were taken from different 

horizons to assess the physical and chemical parameters of the soil. Trial area No. 1 was laid 

out in a meadow covered with a thick and varied grass cover, which included 43 plant species. 

The dominant species is the common mantle, the co-dominant species are meadow 

cornflower, hedgehog grass, spiny sedge, red fescue and common yarrow. The soil on the site 

is alluvial meadow, weakly differentiated on clayey alluvial layer. Trial area No. 2 is planted 

in larch crops. The undergrowth is dense, up to 6 m high, consisting of elm, bird cherry and 

rowan. The grass cover is sparse, consisting of 24 plant species, among which stinging nettle 

dominates. Co-dominants are river grass, ivy bent grass and. Trial area No. 3 was established 

in crops consisting of linden, elm, bird cherry and rowan, and poplar. The grass cover is rare, 

consisting of 18 plant species, among which the common loosestrife dominates. Co-

dominants are river grass, madder bedstraw and acute sedge. Trial area No. 4 was established 

in a 65-year-old forest stand of natural origin, which arose on the site of a sparse oak forest 

and gradually transformed into a linden forest with fir. Co-dominants are lungwort, male 

shield weed, lily of the valley and horsetail. Trial area No. 5 was established in a multi-aged 

oak-linden forest stand of natural origin. The grass cover is of medium density, consisting of 

24 species of plants, among which the common grass is dominant. The co-dominants are 

lungwort and shield weed.  

Methods. In TA-1; 2; 3; 4; 5 biotopes, soil temperature was measured in June 2022, and in 

2022, 2023, samples were taken from different layers to assess its moisture. In 2023, using a 

sampler with a volume of 276.8 cm3, soil samples were taken from two layers of 0 10 and 10

20 cm, excluding litter, at 3 5 points to determine the gross content of organic matter and 

various ash elements in them. Before laboratory analysis, the selected composite soil samples 

were additionally divided into three parts, each of which was used to assess all physical and 
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chemical parameters as a separate replicate. Chemical analysis of samples was carried out 

using standard methods [4,7].  

Results. Analysis of the material showed that, under the influence of woody vegetation, 

almost all morphometric and physicochemical parameters of the meadow alluvial soil 

changed. The soil-forming role of vegetation is more clearly reflected not by the absolute 

values of the indicators, but by the value of their ratio between different genetic horizons, 

which characterizes the direction and rate of change along the profile gradient. Calculations 

have shown that the leaching of silt particles from the humus-eluvial horizon into the illuvial 

horizon, formed as a result of the hydrolysis of silicates, occurs most quickly in the meadow 

biotope, which leads to an increase in the proportion of sand in the upper layer of soil and its 

decrease in the lower layer. 

Fig. 1. The changes in soil humus content of various biotopes along its depth gradient and its 

reserves in the upper layer (TA trial area) 

In the oak-lip biocenoses, the rate of silt washing out is the same, but the dust is destroyed and 

washed out more slowly than in other biotopes. The process of washing out silt particles 

occurs most slowly in aspen forests, and in larch and poplar crops its speed is almost the 

same. The higher the pH value of the environment, the slower the leaching of sludge from the 

humus-eluvial horizon into the illuvial horizon. Plants are active transformers, ensuring both 
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their own existence and preparing environmental conditions for changing communities during 

succession. Ash elements are washed out from the top layer of soil into the lower ones, and 

plants expend a certain amount of energy to move them back.  

Fig. 2. Changes in soil moisture biotopes along its depth gradient in September 2022 (TA 

trial area) 

Fig. 3. Change in water content in the upper 70 cm soil layer in September 2022 and 2023 in 

various biotopes (TA trial area) 
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Fig. 4. Change in soil moisture along the profile gradient at the end of September 2023 in 
various biotopes 
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ABSTRACT 

Among the cultivated field crop plants in Northern Cyprus, grains take the first place. The 
most planted crop among grains is barley (Hordeum vulgare L.). Many harmful insect species 
have been identified on the barley plant so far. However, among these pests, many species of 
pests that do not attract attention are also encountered. This study was conducted to determine 
the fly (Insecta: Diptera) species that coexist with the Hessian fly on the barley plant. 
Samplings were carried out on barley varieties Ahna, Athenais, Beşparmak, Galopsida and 
Morfou, which are widely cultivated in Turkmenköy and Güzelyurt districts where the trials 
were conducted in 2021-2022. Plant samples were collected at 15-day intervals between 
December and February when the flies were in their larval and pupal stages and were cultured 
in laboratory conditions at 25 °C and 65±10% humidity in 5-liter plastic jars covered with 
tulle, 20 in each container. Adult individuals emerging from the cultures were classified and 
counted. In the studies, 97 adult flies (Diptera) harmful to barley were obtained from cultures. 
These are Mayetiola destructor (Say) (Cecidomyiidae), Delia coarctata, Fallén, 
(Anthomyiidae), Oscinella pusilla (Meigen), Thaumatomyia notata (Meigen (Chloropidae) 
and Opomyza florum (Fabricius) (Opomyzidae). Among these species, M. destructor (n=90) 
was detected at 92.7%, O. florum (n=3) at 3.1%, D. coarctata (n=2) at 2.1% and O. pusilla 
also (n=2) at 2.1%, respectively. Additionally, during the studies, the species Thaumatomyia 
notata (Meigen (Chloropidae), which is a root aphid predator, was also obtained from 
cultures. In the studies, 4 species belonging to the Anthomyiidae, Chloropidae, 
Cecidomyiidae and Opomyzidae families of the Diptera order that cause damage to the barley 
plant were recorded, and 5 species, including the Phorbia fumigata (Meigen) species recorded 
from previous studies. T. notata is a root aphid predator. It was understood that the most 
dominant species among the harmful species obtained was M. destructor, while the 
population of other species remained at low rates. As a result of this study, 3 more fly 
(Diptera) species, except M. destructor and P. fumigata, were included in the insect species 
harmful to the barley plant in Northern Cyprus.  
Keywords: Barley; Diptera; Harmful; Northern Cyprus 
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INTRODUCTION 

Among the crops cultivated in field agriculture in Northern Cyprus, cereals rank first. The 
most cultivated plant among cereals is barley. Barley (Hordeum vulgare L.) is cultivated in 
very large areas (92.7%) among cereal plants. Due to being planted in the same areas 
consecutively every year, barley has become an attractive plant for many harmful species. 
Therefore, it has become a suitable habitat and an important food source for many pests. In 
the barley agro-ecosystem of Northern Cyprus, a total of 28 insect species have been 
identified, including the following significant species: the cereal moth, Syringopais 
temperatella (Lederer) (Lepidoptera: Scythrididae); the Hessian fly, Mayetiola destructor 
(Say) (Diptera: Cecidomyiidae); the cereal weevil, Pachytychius hordei (Brulle) (Coleoptera: 
Curculionidae); the grain tortrix, Cnephasia pasiuana (Hübner) (Lepidoptera: Tortricidae); 
and the cereal bug, Eurygaster integriceps Puton (Hemiptera: Scutelleridae) (Güllü et al., 
2014a). In another study by Güllü et al. (2014b), species from the Hemiptera: Aphididae 
family, including Rhopalosiphum maidis (Fitch, 1856), Sitobion avenae (Fabricius, 1775), 
Rhopalosiphum padi (Linnaeus, 1758), Anoecia corni (Fabricius, 1775), and Tetraneura ulmi 
(Linnaeus, 1758), were identified. Additionally, a total of 11 species from the Thysanoptera 
order, including Aeolothrips intermedius Bagnall, 1934, Melanthrips fuscus (Sultzer, 1776), 
Melanthrips pallidius Priesner, 1919, Rhipidothrips brunneus Williams, 1913, Rhipidothrips 
gratiosus Uzel, 1895, Haplothrips bolacophilus Priesner, 1938, Frankliniella tenuicornis 
(Uzel, 1895), Limothrips cerealium Haliday, 1836, Sitothrips arabicus Priesner, 1931, 
Stenothrips graminum Uzel, 1895, and Thrips angusticeps Uzel, 1895, were identified (Güllü 
et al., 2021). Furthermore, a species from the Diptera order, Phorbia fumigata (Meigen), was 
recorded by Konuksal et al. (2017). 

This study focuses on determining the fly species that cause damage in barley plants, 
including the Hessian fly, M. destructor, and P. fumigata, as well as other fly (Diptera) 
species found together with them. 

MATERIALS AND METHODS 

Sampling was conducted on Ahna, Athenais, Beşparmak, Galopsida, and Morfou barley 
varieties, which are widely cultivated in Türkmenköy and Güzelyurt districts where the 
experiments were carried out between 2021 and 2024. Plant samples were collected at 
intervals of 15 days between December and February, when the larvae and pupae of the flies 
were present. The upper parts of the plants with larvae and pupae were cut and the remaining 
stems were cultured in 5-liter plastic jars, each containing 20 stems, with the mouths covered 
with gauze, under laboratory conditions at 25°C and 65±10% humidity. The emergence of 
adult individuals from the cultures was classified and counted. 

RESULTS AND DISCUSSION 

In the studies, a total of 97 adult flies (Diptera) were obtained, including Mayetiola destructor 
(Say) (Cecidomyiidae), Delia coarctata Fallén (Anthomyiidae), Oscinella pusilla (Meigen) 
(Chloropidae), and Opomyza florum (Fabricius) (Opomyzidae) species. Among these species, 
M. destructor (n=90) was determined at a rate of 92.7%, O. florum (n=3) at 3.1%, D.
coarctata (n=2) at 2.1%, and O. pusilla (n=2) at 2.1%. Identified alongside economically
significant species such as M. destructor, D. coarctata, O. pusilla, and O. florum in the barley
ecosystems of Northern Cyprus, Phorbia fumigata (Meigen) was noted, forming a group of
five fly species that cause damage during the early stages of barley growth. While M.
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destructor and P. fumigata have been previously identified in Cypriot wheat fields (Konuksal 
et al., 2017), the species D. coarctata, O. pusilla, and O. florum were identified for the first 
time in this study as barley pests in Northern Cyprus. Additionally, alongside the harmful 
dipteran species examined in the study, Thaumatomyia notata (Meigen) larvae, which prey on 
root aphids, were obtained from barley roots. T. notata is recorded in the fauna of the Cyprus 
island (Anonymous, 2024) and was first obtained from barley roots in Northern Cyprus 
through this study. 

The most dominant and economically damaging fly species in the barley agro-ecosystems of 
Northern Cyprus is M. destructor. This species is one of the major pests of cereals. Studies 
have reported that this species causes a yield loss of approximately 37.1% (43.5 kg ha-1) per 
hectare in barley fields in Northern Cyprus (Konuksal et al., 2021). M. destructor also inflicts 
damage in other hosts, causing damage rates ranging from 32-42% in triticale (x Triticosecale 
Witmack) (Krasteva et al., 2013), 42% in bread wheat (Triticum aestivum subsp aestivum L.), 
and 32% in durum wheat (Triticum turgidum subsp durum L.) (Lhaloui et al., 1992). Another 
species, O. florum, is also a significant pest in cereals. It is considered the most damaging fly 
species to winter wheat in Bulgaria (Krusteva, 2002; Krusteva et al., 2006). D. coarctata 
feeds on crops such as wheat, barley, and rye (Rogers et al., 2013) and has been recorded as a 
serious pest of winter wheat in many regions of Europe (Young et al., 1996), causing up to 
44% damage in years of high population density (Oakley & Young, 2000). O. pusilla can 
cause damage of up to 10% in cereals (Kozulina et al., 2021). P. fumigata has also been 
reported as an economically damaging species in cereals (Krusteva et al., 2011). It is evident 
that the damage caused by these fly species is significant during the early stages of cereal 
growth (1-4 leaf stage). These fly species can coexist in the same field. In studies conducted 
in Ukrainian cereal fields, harmful fly species such as Oscinella frit (Linnaeus), O. pusilla, M. 
destructor, D. coarctata, Phorbia securis Tiensum, and Opomyza florum were identified 
(Коzak, 2007). Brief descriptions of some morphological and bio-ecological characteristics of 
the fly (Diptera) species identified in barley in Northern Cyprus are listed below. 

Hessian fly, Mayetiola destructor (Say) (Cecidomyiidae): This species is the main pest in 
cereal fields in the Turkish Republic of Northern Cyprus. The wings of adult flies are 
blackish, and their bodies are quite small (5 mm). The eggs are orange, with females laying 
250-300 elliptical, red-orange eggs from early December to the 1-4 leaf stage of the plant,
usually scattered on the leaf surface. Larvae emerging from the eggs move towards the stem,
settling at the base of the plant. Here, larvae, which pass through three larval stages, cause
swelling in the roots due to feeding by the first and second larval stages. Larvae that pass
through three larval stages pupate where they are located. In Northern Cyprus conditions, it
produces 2-3 generations per year. The first generation of adult flies is observed in wheat
fields after wheat emergence (before the tillering period) in December. Females die after
laying eggs, and the second generation of adults is observed from late January to mid-
February, laying eggs especially on late-developing plants (younger). The third generation of
adults can be observed in early March depending on climate conditions and plant phenology.
From early April to December, they spend approximately 8-9 months in the field in the pupal
stage during the summer period (aestivation) (Konuksal et al., 2017). The primary damage of
M. destructor occurs during the larval stage of the first generation. Larvae cause more
significant damage when the plant is at the 3-4 leaf stage. They prevent the plant from
tillering, and in the stem where they feed, they cause cell growth with secretions they
produce. This blocks the plant's vascular bundles, causing the plant to dwarf, resulting in
small spikes and undeveloped grains. Additionally, by preparing the ground for the
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development of secondary pathogens in the feeding root part, they further increase the yield 
loss. 

Yellow cereal fly, Opomyza florum (Fabricius) (Opomyzidae): It is one of the significant 
pests of cereals. Adults are 3.5-4 mm in size, rusty-yellow in color. The wings are oval, 
transparent, yellowish, with smoky brown spots around the cross veins and longitudinal veins 
at the tips. There are several rows of dark setae on the mesonotum and 4 bristles on the 
scutellum. The abdomen is slender, pointed at the tip in females, and oval in males. Females, 
because of their underdeveloped ovaries, remain in a pseudo-diapause state until autumn. The 
egg is long-oval, slightly narrowed on one side. It is a significant pest of winter wheat in 
Bulgaria (Krusteva, 2002; Krusteva et al., 2006). Larvae feeding during the emergence of 
wheat plants cause damage to the plant and lower grain yield. O. florum is most effectively 
managed by planning the sowing date. They form dense populations in early-sown wheat 
fields and cause significant damage to plants (Zagovora et al., 1981; Vickerman, 1982; 
Krusteva et al., 2012). Adult flies appear active in late November and early December, during 
the sowing period of winter wheat. They lay their eggs on the plant or in the soil and spend 
the winter in this period. Larvae emerge from the eggs in January-February, cutting the 
central leaf and elongation cone without damaging the tillering node's embryonic tissue. The 
growth of affected shoots stops. The central leaf turns yellow and curls, while other leaves 
remain green, but the shoots die after the larvae complete their development (Krusteva et al., 
2012). The damage caused by O. florum is similar to that of O. pusilla and D. coarctata. 
Feeding on the plant results in the central leaf of the stem turning yellow first and then dying. 
They produce one generation per year (AgroAtlas, 2024). 

Wheat bulb fly, Delia coarctata Fallén (Anthomyiidae): It is a significant pest of cereals 
such as wheat, barley, and rye (Rogers et al., 2013). It is the most serious pest of winter wheat 
in many regions of Europe (Young et al., 1996). Adults are gray, with relatively long setae on 
the arista, the height of the gena less than half the height of the compound eye. The distance 
between the cross veins dm-cu is 1.5 times the length of the cross vein dm-cu. There is no 
prealar seta, the hind femur is elongated on the medial side, there is no posteroventral seta, the 
hind tibia has 2-3 anteroventral setae and is without an apical posteroventral seta, the middle 
tibia is without anterodorsal and anteroventral setae. The abdomen is flattened at least in the 
proximal half, the abdomen is distinctly long and narrow, with the lateral edges almost 
parallel (Joneidi et al., 2017). Eggs spend the winter in the soil and hatch in January and 
February. Larvae feed inside the plant stem, and as a result of feeding, the central stem first 
turns yellow and then dies. If the plant is not sufficiently developed, the seedling can be killed 
directly due to feeding. At the same time, when the feeding stem is exhausted, the larvae 
move to new stems to feed (Gough, 1947). They pupate in late March-early April in the soil. 
Adults usually emerge in the first half of October and lay their eggs in freshly plowed soil. 
They produce one generation per year (Jones et al., 1990). 

Barley fly, Oscinella pusilla (Meigen) (Chloropidae): Also known as the frit fly. The body 
length of adults is 1.5-2 mm, black, with wings. Halteres, abdominal sternites, and anterior 
and middle tibia are yellow; the hind tibia has dark bands. The femur is black. The antennae 
consist of four segments parallel to each other. The white or cream-colored cylindrical eggs 
are 0.7 mm long. Mature larvae are cylindrical, white-yellow in color, and 4 mm long. Their 
bodies are pointed forward and rounded backward. Two fleshy round tubercles with spiracles 
are found in the anal segment. Each segment has a row of large and a row of small spicules on 
the cuticle. The ventral part of the abdomen is yellow. The female is significantly larger than 
the male (AgroAtlas, 2024). O. pusilla feeds on wheat, barley, oats, rye, triticale, and even 
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corn and wild grasses (Rajabiand Behrozin, 2003; Krusteva and Karadjova, 2011), but it 
prefers barley more. O. pusilla spends the post-harvest summer period in the stems of cereal 
plants in the mature larval stage. The first generation of flies emerges when the plants have 1-
3 leaves. Adults feed on pollen and nectar on wild plants. Egg laying begins 9-13 days after 
emergence. Males die after mating. Females lay their eggs singly or in groups (1-15 eggs) on 
the coleoptile or leaf sheath. One female can lay 25-30 eggs. Egg development takes 4-10 
days. Larvae emerging from the eggs create brown galleries by piercing the embryonic tissue 
along the central leaf (Tschirnhaus and Nartshuk, 2012; Memari et al., 2016). The first 
generation is highly dangerous and causes the death of the main shoots. Larval period lasts 
13-20 days. Only one larva lives in a stem. Before entering the pupal stage, they gnaw the
stem to the epidermis and pupate where they feed. The pupal stage lasts 10-14 days at an air
temperature of 12°C. The lifespan of a generation is 22-46 days. The second generation is less
harmful. They produce two generations per year (Kozulina et al., 2021). The pest is resistant
to winter cold. They remain active at temperatures between 10-35°C (AgroAtlas, 2024).

Wheat root fly, Phorbia fumigata (Meigen): Its larvae feed on the shoots and roots of 
cereals and are particularly serious cereal pests in Eastern Europe (Griffiths, 1997). The body 
length of adults is 3.4-6 mm, and their wings are gray or brown. The last abdominal segment 
of the male is clavate, and the inner edge of the V. sternite is regularly covered with fine hairs. 
There are no dark longitudinal stripes on the thorax of the female or they are indistinct 
(Ackland, 1993). Females lay their eggs inside the coleoptile sheath or palea. Eggs develop 
within 3-7 days. Larvae are white, cylindrical, and 8 mm long. Larvae emerging from the 
eggs feed along the central leaf toward the tillering node. Feeding causes the leaf to yellow 
first and then gradually dry up. The larval period lasts 25-30 days. Mature larvae pupate in 
late May to early June by entering the soil. They damage wheat, rye, triticale, barley, and 
Bromus sp. plants (Krusteva et al., 2011) but do not feed on oats (AgroAtlas, 2024). 

Grass fly, Thaumatomyia notata (Meigen) (Chloropidae): It is 2.0-2.5 mm in body length. 
The thorax and eye margins are bright yellow, with longitudinal brown stripes on the 
mesonotum and yellow lines. The abdomen is yellow with large horizontal brown lines. In 
autumn, adults fly in large swarms and disturb people (Marshall, 2012). Adults are harmless. 
Larvae are predators (Nartshuk, 2012). They live in the soil at the base of plants such as 
cereals, clover, carrot, pea, and some weeds (Yarkulov, 2019). They feed on root aphids 
(Pemphigus spp. and Smynthurodes spp.), living on the roots of plants (Yarkulov, 1972; 
Nartshuk, 2000). 

CONCLUSION AND RECOMMENDATIONS 

In barley plants in Northern Cyprus, five species of Diptera belonging to the families 
Anthomyiidae, Chloropidae, Cecidomyiidae, and Opomyzidae, including D. coarctata, O. 
pusilla, and O. florum, along with M. destructor and P. fumigata recorded from previous 
studies, have been identified as pests. It is understood that among the obtained species, M. 
destructor is the dominant species, and the populations of other species remain at low rates. 
As a result of this study, three more Diptera species harmful to barley plants in Northern 
Cyprus have been included, except for M. destructor and P. fumigata. These species cause 
significant damage in the early stages of cereal plants. Repeated cultivation of cereal crops in 
the same areas for many years leads to an increase in the populations of these pests. Crop 
rotation, planting non-host plants, appears to be the most suitable method for reducing or 
controlling their damage. With these studies, the species T. notata has been identified, and the 
larvae of this species are known as predators of root aphids. 
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ABSTRACT

Introduction and Purpose: Medicinal and aromatic plants are widely used in both modern 
and traditional medicine. Among these plants is Salvia hydrangea DC. Ex Bentham (sage) has 
been found to have a wide range of pharmacological effects such as anticancer, anti-
inflammatory, antioxidant, antimicrobial, antimutagenic, anti-dementia and hypoglycemic due 
to the compounds it contains. It is reported that these very important effects are caused by 
very different and abundant secondary metabolites, especially terpenic and phenolic 
compounds. Therefore, determining the quantity and quality of sage plant can provide 
important academic data to researchers in determining both its commercial and potential 
pharmacological activity potential. Materials and Methods: Essential oil and methanol-
chloroform (1:1 v/v) extract of the aerial part of S. Hydrangea were obtained. Content 
analysis of essential oil and crude extract was performed by GC-MS/MS and LC-MS/MS.
Results: As a result of the volatile component analyzes performed with the GC-MS device,

-Pinene (12.29%), camphene (12.18%),
limonene (8.30%), 6-camphenone (7.77%) and It was found to be -Pinene (7.41%). 
According to the results of phenolic analyzes performed by LC-MS/MS, vanillic acid (982.01
ng/mg), protocatechuic acid (713.87 ng/mg), syringic acid (198.84 ng/mg), shikimic acid 
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(142.62 ng/mg), chlorogenic acid (138.66 ng/mg) were determined to be the main ingredients. 
Discussion and Conclusion: Thanks to its high essential oil and phenolic content, sage can 
be transformed into products with high added value such as food, pharmacology and 
cosmetics.

Key Words: Sage; antioxidant; antimicrobial; essential oil; phenolic compounds

:

antimikrobiyal, antimutagenik, antidemans, hipoglisemi

bitkisinin nicelik ve niteliklerinin belirlenmesi hem ticari 

-klo
analizi GC-MS/MS ve LC- Bulgular: GC-

-pinen (%12.29), kampen
(%12.18), limonen (%8.30), 6- - -

982.01 ng/mg), 
protokatekuik asit (713.87 ng/mg), siringik asit (198.84 142.62 ng/mg)
ve klorojenik asit (138.66 .

mektedir.

Anahtar Kelimeler: antioksidan; antimikrobiyal

INTRODUCTION 

Without plants, neither animals nor humans would exist. This is because plants are the main 
food source on earth. Plants also synthesize compounds called secondary metabolites to 
provide their own defense. One of the important groups of these compounds (secondary 
metabolites) with commercial and medical potential are terpenes. Terpenes are the main 
component of essential oils (EO). EO are aromatic substances found in certain parts of some 
plants and used to protect the plants themselves from some negative factors (such as fungi, 
pests and predators) (Butnariu, 2021; Saroj et al., 2020). EO are used in simple house type 
medical application to reduce stress, inflammation and headache, improve the quality of sleep 
(Ali et al., 2015; Dobetsberger & Buchbauer, 2011; Lizarraga&Valderrama, 2021). Essential 
oils are very complex mixtures due to the compounds they contain that differ in their chemical 
structures. The fact that each of these compounds has bioactive properties enables EO and 
plants containing EO to have a wide range of biological activities, especially anti-fungal, anti-
inflammatory and anti-microbial. The genus Salvia L. (GS) is largest genus of the Lamiaceae 
family with 1000 species -Gallegos et al., 2020). GS has a pleasant scent because it 
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contains a high amount of essential oil, and due to this feature, it is used as a flavourings, food 
condiments, cosmetics, and perfume additives -
Gallegos et al., 2020; Lizarraga&Valderrama, 2021). In addition to this, GS have commonly 
been widely used as folk medicines as antibacterial, antitumor, antioxidant, antiviral, 
spasmolytic and anti-inflammatory treatments, thanks to the compounds (Asgarpanah, 2021). 

For this purpose, GS harvested in July; the essential oil was extracted with neo-clevenger and 
essential oil of GS content was determined in GC-MS. Salvia L. crude extract was obtained in 
methanol solvent and content analysis was performed on the LC-MS/MS device. Thus, the 
phytochemical content analysis of lavender was determined and its usability and commercial 
potential in the food, cosmetic and pharmaceutical industries was determined. 

MATERIAL AND METHOD 

Plant 

S. Hydrangea plants were cultivated in expe
Yurtseven Campus. The plants were harvested at the end of June. Aerial parts of the plant
were shade-dried and then powdered for subsequent hydro-distillation.

Obtaining essential oil and crude extract 

To obtain essential oils, 50 g of the dried and powdered aerial parts of the plant were weighed 
and transferred into a 1-liter volumetric flask. 600 mI of pure water was added and left to boil 
in the Neo Clevenger device for 2 hours. The essential oil obtained after 2 hours was placed in 

of plants were extracted in the methanol-chloroform (1:1 v/v) solvent system for 1 week. 
Then the solvent extract mixture was filtered and the solvent was evaporated in a rotary 
evaporator. The resulting extract was then stored at +4 degrees. 

LC-MS/MS Analysis 

We determined the phenolic contents and amounts of S. Hydrangea methanol-chloroform 
extract by LC-MS/MS analysis as explained in our previously published article (
20 . Also 41 phenolic standards were used for 
analysis.

GC-MS/MS Analysis 

EO composition of S. Hydrangea was determined using GC-MS/MS, as explained in our 
former study .
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RESULTS 

Figure 1. LC-MS/MS chromatogram of crude extract 

Content analysis of polar phytochemicals in the plant was performed using LC-MS/MS 
device (Figure 1). LC-MS/MS analysis results showed that the plant contains high amounts of 
vanillic acid (982.01 ng/mg), protocatechuic acid (713.87 ng/mg), syringic acid (198.84
ng/mg), shikimic acid (142.62 ng/mg), chlorogenic acid (138.66 ng/mg) (Table 1). 
Additionally, as a result of the analysis, it was found that the plant contains a total of 29 
phenolic substances.

Figure 2: Total ion chromatogram (TIC) of Salvia hydrangea from GC-MS/MS 
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Table 1. Analysis results of polar compound content obtained from Salvia hydrangea LC-
MS/MS

Rank
Compound Name RT (min.)

Concentration 
(ng/ml)

1 Shikimic acid 1.351 142.62
2 Protocatechuic acid 6.108 713.87
3 Chlorogenic acid 7.263 138.66
4 Hydroxybenzaldeyde 7.665 6.59
5 Caffeic acid 7.781 4.86
6 Vanillic acid 8.079 982.01
7 Syringic acid 8.383 198.84
8 Vanillin 8.561 9.16
9 p-coumaric acid 9.425 7.44
10 Salicylic acid 9.472 53.34
11 Polydatin 9.725 0.19
12 trans-ferulic acid 10.276 18.42
13 Sinapic acid 10.447 16.87
14 Scutellarin 11.125 0.19
15 Isoquercitrin 11.429 1.87
16 Protocatehuic ethyl ester 11.590 5.65
17 Hesperidin 11.969 18.44
18 Quercetin-3-D-xyloside 12.254 2.25
19 Kaempferol-3-glucoside 13.021 2.65
20 Fisetin 13.369 7.66
21 Baicalin 13.746 2.53
22 Quercetin 14.830 27.59
23 Naringenin 14.864 17.63
24 Hesperetin 15.747 11.74
25 Morin 15.769 0.14
26 Kaempferol 16.515 61.46
27 Luteolin 17.800 8.23
28 Biochanin A 17.893 0.21
29 Diosgenin 23.500 18.64

The phytochemical content of essential oil obtained from Salvia hydrangea was determined 
by GC-MS (Figure 2). As a result of the analysis made with GC-MS/MS technique, the main 
components of the plant's essential oils were camphor (28.68%), -pinene (12.29%), 
camphene (12.18%), limonene (8.30%), 6-canphenone (8.30%). (7.77%) and -pinene 
(7.41%) (Table 2). These values are consistent with previous articles in the literature (Kotan 
et al., 2008; Temel et al., 2023; Toplan et al., 2022).

496



Table 2. Analysis results of essential oil content obtained from Salvia hydrangea GC-MS/MS 

Peak RT RI (calc.) RI (NIST lib.) Compound Name %
1 10.019 918 925 Tricyclene 1.21
2 10.222 923 929 -Thujene 0.27
3 10.502 931 937 -Pinene 12.29
4 11.125 947 952 Camphene 12.18
5 11.341 952 956 Dehydrosabinene 0.34
6 12.159 971 974 Sabinene 2.03
7 12.293 974 979 -Pinene 7.41
8 12.904 986 991 -Myrcene 0.89
9 14.043 1011 1001 2-Carene 0.12
10 14.404 1020 1023 -Cymene 1.26
11 14.611 1025 1030 Limonene 8.30
12 14.727 1028 1032 Eucalyptol 3.53
13 15.008 1034 1038 cis- -Ocimene 0.10
14 15.962 1056 1060 -Terpinene 0.65
15 16.360 1064 1070 cis-Sabinenhydrate 0.31
16 17.127 1080 1083 Camphenilone 0.15
17 17.326 1084 1086 Isoterpinolene 0.18
18 17.801 1093 --- Unknown 0.15
19 17.882 1094 1099 Linalool 0.19
20 19.084 1122 1125 -Campholenal 0.56
21 19.774 1138 1139 trans-Pinocarveol 0.30
22 19.991 1142 1143 Camphor 28.68
23 20.053 1144 1149 Camphenone. 6- 7.77
24 20.779 1160 1167 endo-Borneol 0.26
25 20.920 1163 1177 4-Terpineol 1.07
26 21.449 1174 1183 p-Cymen-8-ol 0.21
27 21.814 1181 1193 Myrtenal 0.11
28 22.321 1191 1205 Verbenone 0.83
29 22.926 1204 1229 cis-Carveol 0.23
30 23.336 1214 1242 Carvone 0.34
31 24.456 1240 1257 Linalyl acetate 0.73
32 24.961 1252 1284 Bornyl acetate 0.30
33 26.319 1281 1291 Thymol 0.62
34 26.614 1287 1299 Carvacrol 2.71
35 28.556 1333 1338 -EIemene 0.27
36 29.052 1345 1350 Terpinyl acetate 0.13
37 30.201 1372 1376 -Copaene 0.17
38 30.588 1381 1384 -Bourbonene 0.33
39 32.534 1429 1432 -Gurjunene 0.22
40 32.64 1432 1435 -Bergamotene 0.16
41 33.386 1452 1454 Humulene 0.72
42 34.433 1478 1481 Germacrene D 0.22
43 35.008 1492 1495 Bicyclogermacrene 0.28
44 36.635 1540 1543 cis-Sesquisabinene hydrate 1.10
45 37.826 1576 1576 Spathulenol 0.13

RT: Retention time, RI: Retention index, calc: calculate, lib. Library 
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CONCLUSION 

In this study, the Salvia hydrangea plants grown under ecological conditions of Iğdır were

subjected a secondary metabolite analysis. In this respect, essential oil and phenolic 
compound analysis were achieved. For analysis, the plants were harvested at their flowering 
stage and the aerial parts of the plants were used. When GC-MS results are examined, it is 
seen that the main components of the plant are camphor, α-pinene, camphene, limonene, 6-
canphenone and β-pinene. For phenolic compounds, the major compounds identified were as 
vanillic acid, protocatechuic acid, syringic acid, shikimic acid and chlorogenic acid. 
Considering the findings, Salvia hydrangea plants, due to rich compounds in essential oil and 
water extract, can be transformed into different high value-added products in areas such as 
pharmacology, cosmetics and food. 

Financing: These researches were carried out with advanced analyzes at Iğdır University Research

Laboratories (ALUM), specialized by YÖK in the field of High Added Value Agricultural Products 

(within the scope of Project No. YİP0723İ08), and were carried out with raw materials, extraction

processes and other studies 
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ÖZET 

Giriş ve Amaç: Kenevir bazlı doğal bileşikler farmakoloji, kozmetik, tarım kimyasalları ve 

gıda alanlarında yaygın olarak kullanılmaktadır. Doğal ürünler nörodejeneratif bozukluklarda 

etkilidir ve çok çeşitli tedavi edici özelliklere sahiptir. Kenevir (Cannabis sativa), Cannabaceae 

familyasına ait şifalı otsu bir bitkidir. Antiinflamatuar, antikonvülsan, antioksidan, antiemetik, 

anksiyolitik ve antipsikotik ajan gibi terapötik ve biyolojik aktivitelere sahiptir ve bu nedenle 

sırasıyla şizofreni, nöroinflamasyon, epilepsi, oksidatif hasar, kusma ve bulantı, anksiyete ve 

anksiyete tedavisinde potansiyel bir ilaçtır. Cannabis sativa'nın ana bileşenleri, Cannabis sativa 

bitkisindeki ana kanabinoid bileşenlerden biri olan ve kenevir ekstraktlarının biyoaktif kısmını 

temsil edebilen kannabidiol (CBD) gibi bileşiklerdir. Bununla birlikte, terapötik özellikleri bazı 

önemli yan etkilerle birleştiren başlıca psikoaktif bitki kaynaklı kannabinoid olan D9-

tetrahidrokanabinolün (D9-THC) aksine, CBD psikoaktif değildir (CB1 reseptörlerini aktive 

etmez). Onlarca yıl süren yasaklamaların ardından Türkiye, Kenevirin ekonomik ve çevresel 

öneminin farkına vardı. Sonrasında, Amasya, Antalya, Bartın, Burdur, Çorum, İzmir, Karabük, 

Kastamonu, Kayseri, Kütahya, Malatya, Ordu, Rize, Samsun, Sinop, Tokat, Uşak, Yozgat ve 

Zonguldak'ta kenevir bitkisi katma değeri yüksek ürün olarak tarımda kullanımına izin verildi. 

Bölgeyi kenevir tarımına dönüştürerek ekonomik açıdan bölge halkına katkı sağlanması 

amaçlanıyor. Bu çalışma kapsamında hasadı yapılan Cannabis sativa ekstraktları elde edildi ve 

içerik analizi yapıldı. 

Gereç ve Yöntem: Bu saf ve organik soğuk sıkım Kenevir Tohumu Yağı, kenevir tohumunun 

çekirdek kısmının 100 gr tartılarak soğuk sıkım cihazında üç saat preslenmesiyle nöroprotektif 

bir madde olan CBD'nin elde edilmesi sağlandı. Preslenmiş yağ prosesi sonunda elde edilen 

posa tüplere konularak süperkritik karbondioksit ile ekstrakte edildi. Posalardan elde edilen 

kenevir tohumu ekstraktlarının uçucu bileşenleri GC-MS/MS cihazında belirlendi.   

Bulgular: Analiz sonuçlarına göre kannabidiol ve yağ asitleri gibi toplam 16 bileşik tespit 

edildi.  

Tartışma ve sonuç: Kenevir tohumları, yağ asitleri ve kannabidiol türevleri açısından 

zengindir. Bu kannabidiol türevleri, farmakolojik etkiler gibi katma değeri yüksek gıda 

takviyesi ürünlerine dönüştürülerek nöroprotektif özelliklere katkıda bulunur. 

Anahtar Kelimeler: Cannabis sativa; scCO2; kenevir yağı; kannabinoid; GC-MS/MS 
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ABSTRACT 

Introduction and Purpose: Hemp based natural compounds are widely used in the fields of 

pharmacology, cosmetics, agricultural chemicals and food. Natural products are effective in 

neurodegenerative disorders and broad spectrum of therapeutic properties. Hemp (Cannabis 

sativa) is a medicinal herbaceous plant belonging to the Cannabaceae family. It has therapeutic 

and biological activities such as anti-inflammatory, anticonvulsant, anti-oxidant, anti-emetic, 

anxiolytic and antipsychotic agent, and is therefore a potential medicine for the treatment of 

neuroinflammation, epilepsy, oxidative injury, vomiting and nausea, anxiety and schizophrenia, 

respectively. The main components of Cannabis sativa are compounds such as cannabidiol 

(CBD) is one of the key cannabinoid constituents in the plant Cannabis sativa in which it may 

represent up to 40% of cannabis extracts. However, contrarily to D9 -tetrahydrocannabinol (D9 

-THC), the major psychoactive plant-derived cannabinoid, which combines therapeutic 

properties with some important adverse effects, CBD is not psychoactive (it does not activate 

CB1 receptors. After decades of banned plant, Türkiye has rediscovered the importance of 

hemp as a crop for the economy and the environment. Hemp production and cultivation is 

carried out in the provinces and districts of Amasya, Antalya, Bartın, Burdur, Çorum, İzmir, 

Karabük, Kastamonu, Kayseri, Kütahya, Malatya, Ordu, Rize, Samsun, Sinop, Tokat, Uşak, 

Yozgat and Zonguldak. It is aimed to contribute economically to the people of the region by 

turning the hemp plant into agricultural products with high added value. For this purpose, the 

bioactive compounds of the Cannabis sativa harvested was obtained and content analysis was 

performed.  

Materials and Methods: In order to obtain CBD as a neuroprotective agent, 100 g of the seed 

part was weighed and this pure and organic cold pressed Hemp Seed Carri Oil is obtained by 

pressing hemp seeds in the apparatus for three hours. The pulps obtained at the end of the 

pressed oil process was placed in tubes and extracted with supercritical carbon dioxide. Volatile 

components of hemp seed extracts obtained from pulps were determined on the GC-MS/MS 

device.  

Results: According to the analysis results, 16 compounds were identified; cannabidiol and fatty 

acids.  

Discussion and Conclusion: Hemp seeds are rich in fatty acids and cannabidiol derivatives. 

These cannabidiol derivatives contribute to neuroprotective properties by being converted into 

food supplement products with high added value, such as pharmacological effects. 

Key Words: Cannabis sativa; scCO2; hemp oil; cannabinoid; GC-MS/MS 

 

INTRODUCTION 

 

Endüstriyel kenevir (Cannabis sativa L.), Orta Asya kökenli bir bitki olup, uyum sağlama ve 

tepki verme açılarından farklı coğrafi bölgelere geniş ölçüde yayılan tek yıllık ve otsu bir 

bitkidir. Genetik çeşitliliğe bağlı olarak bu bitki birçok farklı formda bulunabilmektedir. Kadim 

bir bitki olan kenevir çok uzun zamanlardan beri tıbbi ve beslenme amaçlı kullanılmıştır. C. 

sativa bitkisinde fitokanabinoidler, flavonoidler, terpenoidler ve yağ asitleri dahil olmak üzere 

yüzlerce farklı bileşik karakterize edilmiştir (Alves vd., 2020). Ancak bu bileşikler bitki 

genelinde eşit şekilde dağılmadığından kimyasal içerik büyük ölçüde değişebilir (Izzo vd., 

2020). 
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Endüstriyel kenevir olarak adlandırılan kenevir çeşitleri genellikle yüksek konsantrasyonlarda 

kannabidiolün asidik öncüsüdür (Citti vd., 2018, Citti vd., 2019). Bu sekonder metabolitin geniş 

bir spektruma sahip olduğu bilinmektedir. Antikonvülsif, antiepileptik ve antimikrobiyal 

aktiviteler gibi önemli biyolojik özelliklere sahiptir ve ayrıca osteoartrit ve kas-iskelet sistemi 

hastalıklarının tedavisinde takviye edici gıda olarak kullanılır (Sampson, 2020). 

Bu bakımdan kenevir tohumları %30 civarında lipit, %20 oranında protein ve %30 oranında 

karbonhidrat içermesiyle harika bir besin ve besin dışı kaynak olarak öne çıkmaktadır. 

Günümüzde kenevirin besinsel kullanımı, çoklu doymamış yağ asitleri bakımından zengin 

içeriği ve 3:1 oranına ulaşan omega içerikli yağ asitlerinin yüksek oranı nedeniyle esas olarak 

yağlı tohumlar sınıfına girmektedir. İinsan sağlığı açısından optimal kabul edilmekte ve 

kardiyovasküler hastalık riskini azaltarak sağlık durumunu olumlu yönde etkilemektedir (Kang, 

2003). 

Ayrıca, kenevir tohumu yağındaki yüksek oranda doymamış yağ asitleri içeriği, onu lipit 

oksidasyonuna karşı oldukça duyarlı hale getirmektedir (Callaway vd., 2009). Oksidatif 

dengesizlik, yağ kalitesinin ve raf ömrünün azalmasından sorumlu olan en önemli faktörlerden 

biridir (Sharma vd., 2019). Yenilebilir yağlardaki bu süreç beslenmeyi, toksisiteyi, rengi ve 

aromayı etkileyerek çeşitli istenmeyen tatların ve hoş olmayan tatların oluşmasına neden olur 

ve bunlar tüketicinin reddetmesinin önemli nedenleridir (Amaral, 2018). Ayrıca kenevir 

tohumu yağının, oksidatif stabiliteye ve ekşimeye müdahale edebilen büyük miktarda klorofil 

içerdiği de rapor edilmiştir (Aladic, 2015). Bu doğal pigmentler, yenilebilir yağların ışığa maruz 

kaldığında ışık kaynaklı oksidasyona veya foto-oksidasyona duyarlılığını artırarak ve yoğun 

koyu yeşil renkten sarıya değişimi teşvik ederek güçlü pro-oksidanlar olarak görev yapar 

(Matthaus vd, 2008, Tarchoune vd, 2019). Kenevir tohumu yağı üretimi sırasında, klorofil 

içeriğini ve yağın kalitesini etkileyebilecek metaller ve fosfolipidler gibi diğer küçük bileşenleri 

azaltmak için çeşitli rafinasyon işlemlerine ihtiyaç vardır. 

Ayrıca kenevir tohumu yağı polifenoller, karotenoidler gibi diğer küçük bileşenleri de içerir ve 

tokoferollerin tümü antioksidan işlemlerde yer alır. Yenilebilir yağların lipit oksidasyonuna 

karşı korunması (Frassinetti vd., 2018, Faugno vd., 2019, Moccia vd., 2019), insanlarda bu 

bileşikler antioksidan ve antiinflamatuar etkiler gibi önemli biyolojik özelliklere sahiptir 

(Castalda vd.,2019, Azzi vd., 2007, Li vd., 2012). Kenevir tohumu yağının mevcut diyetlerdeki 

diğer yağ çeşitlerine alternatif olabileceği ve vejetaryen, vegan veya glutensiz beslenmeye daha 

da uygun olduğu görülmektedir. Birçok kenevir bazlı yağlı ürün ticari olarak mevcut olmasına 

rağmen, pazarlamanın yasal çerçevesi bu tür ürünlerin geleceğini belirsiz kılmaktadır. 

Kimyasal karmaşıklığı ve çeşitli faktörler aracılığıyla farklılaşmasını hesaba katan genetik 

faktörler (çeşitlilik) veya elde edilmesi için kullanılan yöntemler (örn. presleme ve solvent 

ekstraksiyonu), rafinasyon ve ağartma işlemleri gibi ortak standartların geliştirilmesi ulusal 

düzeyde kenevir tohumu yağı kalite yönetimi, derinlemesine takip edilmelidir. 

Kenevir tohumu ve kenevir tohumu yağları açısından ticari kenevir tohumunun özellikleri 

hakkında çok az şey bilinmektedir. Bu araştırma kapsamında kenevir tohumları için, yenilikçi 

yöntemler kullanılarak (soğuk sıkım), yağlardan arındırıldıktan sonra kalan posaların 

değerlendirilmesi için super kritik karbondioksit (scCO2) sıvı akışkan ekstraksiyon sistemi 
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kullanıldı. Kenevir tohumları soğuk sıkım yağ makinesinde, yağlarından ayrıştırıldıktan sonra 

kalan posalara super kritik karbondioksit ekstraksiyon sistemi uygulanarak CBD ve diğer uçucu 

bileşenler ile yağ asitleri elde edildi. 

MATERIAL AND METHOD 

Kullanılan Bitki Materyali 

Endüstriyel Kenevir bitkisinin (Cannabis sativa) tarımı için ülkemizde Amasya, Antalya, 

Bartın, Burdur, Çorum, İzmir, Karabük, Kastamonu, Kayseri, Kütahya, Malatya, Ordu, Rize, 

Samsun, Sinop, Tokat, Uşak, Yozgat ve Zonguldak illerinde tarımına izin verildi. Ar-Ge 

çalışmaları kapsamında temin edilen tohumlar, suluova ilçesinde kontrollü şartlardaki ekimleri 

ve hasadı yapılan bölgeden temin edildi (Resim 1). Kenevirin Narlı, Narlı saray ve Vezir tescilli 

üç farklı tohum çeşidi bulunmaktadır. 

 

Resim 1. Keneviro firması tarafından Amasya-Suluova ilçesinde ekimi ve hasadı yapılan 

Endüstriyel Kenevir bitkisi  

Kullanılan Kimyasallar 

Araştırmalar kapsamında kullanılan materyaller, alet ve ekipmanlar Çizelge 1’de, verilmiştir. 

Ayrıca ekstraksiyon deneylerinde, çözeltileri hazırlamada, kromatografik analizler sırasında ve 

spektroskopik cihazlarda yapılan analizler için kullanılan bütün kimyasallar (etanol, metanol, 

diklorometan, aseton, hekzan, asetonitril, asetik asit) analitik saflıkta olup Merck (Darmstadt, 

Almanya) veya Sigma (Saint Louis, MO, ABD) gibi firmalardan temin edilmiştir. 
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 Çizelge 1. Deneylerde kullanılan materyaller 

Materyaller Cihazlar Marka/model   

Karbondioksit tüpü Süperkritik akışkan CO2 cihazı Superex, F-500, Konya 

Filtre kağıdı Soğuk sıkım yağ makinesi General Makina, GM-100, Ankara 

Cam şişeler GC-MS/MS Agilent, Santa Clara, ABD  

Beherler Hassas terazi Baykon, Polonya 

Erlenler Laboratuvar tipi öğütücü Yerli öğütücü sistemleri 

Organik çözücüler Etüv Binder ve Memmert 

 Ultra saf su cihazı MP Minipure, Ankara, Türkiye 

 

Ekstraktların Hazırlanması 

Kenevir tohumları (2 kg) yağının ekstraksiyonu soğuk presleme yöntemleriyle gerçekleşti. İlk 

ekstraksiyondan sonra tohum küspesinde yaklaşık %35 oranında yağ kaldı. 150 gram alınarak 

scCO2 ekstraksiyonu cihazında 360 bar ve 40 derece sıcaklıkta 20 dk statik, 40 dk dinamik 

bekletme ile ekstraksiyon gerçekleştirilerek elde edilen ekstraktın tartımı yapıldı ve 5 gr 

ekstrakt elde edildi. 

 

GC-MS/MS Analizi  

Kenevir tohumları posasının scCO2 ekstraksiyonu sonucu elde edilen bileşenlerin belirlenmesi 

için GC-MS/MS (Agilent marka) cihazında çalışma yapıldı. Kenevir tohumu posalarının scCO2 

ekstraktının fitokimyasal içerikleri, daha önce yayınladığımız makalelerde açıklandığı gibi GC-

MS/MS analizi ile belirlendi (Başar et al., 2024). 

 

SONUÇ VE TARTIŞMA 

 

Endüstriyel kenevir, karbon tutma kabiliyeti, daha yüksek biyokütle üretimi ve çeşitli son 

kullanım ürünleri nedeniyle son derece başarılı bir ticari ürün olarak ortaya çıktığı ve son 

yıllarda tarımının ülkemizde yaygınlaşmaya başladığı bilinmektedir. Kirlenmiş toprakları 

fitoremediasyon yoluyla iyileştirebildiği ve pestisit olmadan üretilebildiği için örtü bitkisi 

olarak başarılı bir şekilde kullanılabilmektedir. Kenevir kalıntıları, botanik pestisit veya mitisit 

(kene öldürücü) ve toprak nematodlarına ve patojenik mantarlara karşı inhibitör görevi 

görebilmektedir. 

Kenevir tohumları yaklaşık %30 protein, %25 karbonhidrat ve %30 yağ içeriyor. Kenevir 

tohumu yağının ekstraksiyonu soğuk presleme yöntemleriyle gerçekleşti. İlk ekstraksiyondan 

sonra literatürlerde tohum küspesinde yaklaşık %35 oranında yağ kaldığı belirtilsede, yapılan 

bu çalışmada soğuk sıkımdan sonra posada kalan yağ miktarının %2’nin altında olduğu 

belirlendi. İlk ekstraksiyon işleminden elde edilen yağın GC-FID analizi sonucu, üstün kaliteli 

bir yağ olduğu görüldü. Linoleik, oleik ve linolenik yağ asitleri oranı sırasıyla %56, %17 ve 

%16 olarak belirlendi. 
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Cannabis sativa bitkisinin Narlı çeşidine ait tohumlara hasattan sonra laboratuvarda kurutma 

amaçlı iki ısıl işlem uygulandı. Bu ısıl işlemlerden birisi yüksek sıcaklık ve diğeri ise düşük 

sıcaklıktı. Sonra her iki ısıl işlemin uygulanan kenevir tohumlarının soğuk sıkım ile yağları 

alındıktan sonra, kalan posalara scCO2 sıvı akışkan ekstraksiyonu ile özütleri alındı. Bu özütler 

ile soğuk sıkımdan elde edilen yağların GC-MS/MS analizleri yapıldı (Figür 1). 

 

 

Figür 1. Cannabis sativa bitkisinin Narlı çeşidine ait tohumların GC-MS/MS ile yapılan 

analizlere ait kromatogramlar üstten aşağıya doğru sırasıyla kenevir tohumu Narlı çeşidinin 

scCO2 ekstraktı, soğuk sıkım yağ analizi, yüksek ısıda kurutulmuş kenevir tohumu soğuk sıkım 

yağ analizi, yüksek ısıda kurutulmuş kenevir tohumu scCO2 ekstraktı ve düşük ısıda kurutulmuş 

kenevir tohumu scCO2 ekstraktı. 
 

Cannabis sativa bitkisinin GC-MS/MS ile yapılan analizlere ait kromatogramlarda yüksek 

miktarlarda yağ asitlerinin bulunduğu görülmektedir. Kenevir tohumu Narlı çeşidinin scCO2 

ekstraktı sonucu az miktarda kannabidiol (CBD) olduğu belirlendi. Ancak, yüksek ısıl işlem ve 

düşük ısıl işlem uygulanan soğuk sıkım yağ analizlerinde CBD bileşiğinin bulunmadığı görüldü 

(Figür 1). Yüksek ve düşük ısıda kurutulmuş kenevir tohumlarında yağ içerikleri açısından çok 

büyük farklılıklar gözlenmezken, soğuk sıkım yağ analizi alındıktan sonra kalan posaların 

scCO2 ekstraktları ile yapılan GC-MS/MS analizleri sonucu elde edilen CBD bileşiğinin aynı 

oranda olmadıkları görüldü.  

Figür 2’de görüldüğü gibi Cannabis sativa bitkisinin tohumlarının soğuk sıkım sonrası kalan 

posalarından scCO2 ekstraksiyonu sonucu elde edilen ekstraktlarda CBD varlığı GC-MS/MS 

analizi ile belirlendi.   
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Figür 2. GC-MS/MS ile yapılan analiz sonucu Narlı çeşidi kenevir tohumu soğuk sıkım sonrası 

posalarının scCO2 ekstraktı ile elde edilen CBD’nin kütle spektrumu.  

 

 

Figür 3. Pozitif (A) ve negatif (B) iyonizasyon modunda kanabidiolün (CBD) HRMS 

parçalanma spektrumu (Citti vd., 2019). 
 

 

Yapılan analiz sonucu Narlı çeşidi kenevir tohumu soğuk sıkım sonrası posalarının scCO2 

ekstraktı ile elde edilen CBD’nin kütle spektrumu (Figür 2), literatürle uyumlu olduğu (Figür 

3) ve literatürde HRMS sonucunda elde edilen pozitif ve negatif iyonizasyon modundan 

molekül ağırlığı ve parçalanma ürünleri belirlenmiştir. 

Yapılan analizler sonucunda toplam 23 bileşiğin belirlendiği ve iki bileşiğin tanımlanamadığı 

Çizelge 1’de görülmektedir. Tanımlanamayan bileşikler çok düşük miktarlarda (%0.02) ve 

sadece tohumların kurutulması için uygulanan düşük ısıl işlem sonucu elde edilen soğuk sıkım 
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yağda belirlendi. Bu bileşenlerin yüksek ısıl işlemde farklı ürünlere dönüşmüş veya 

buharlaşarak uzaklaşmış olabilirler. 

 

Çizelge 1. Cannabis sativa bitkisinin Narlı çeşidine ait tohumların GC-MS/MS ile yapılan 

analizlere ait kimyasal içeriklerinin scCO2 ekstraktı, soğuk sıkım yağ analizi, yüksek ısıda 

kurutulmuş kenevir tohumu soğuk sıkım yağ analizi, düşük ısıda kurutulmuş kenevir tohumu 

(scCO2-1) ekstraktı ve yüksek ısıda kurutulmuş kenevir tohumu (scCO2-2) ekstraktı. 

No Bileşenler RT scCO2 SS-1 SS-2 scCO2-1 scCO2-2 

1 Caryophyllene 32,12 1,85 0,00 0,01 0,72 0,66 

2 Humulene 33,47 0,68 0,00 0,00 0,18 0,21 

3 Caryophyllene oxide 38,08 0,70 0,00 0,00 0,06 0,05 

4 Myristic acid, methyl ester 42,26 0,00 0,01 0,01 0,16 0,00 

5 Glutaric acid, ethyl 2-ethylhexyl ester 45,03 0,00 0,00 0,00 0,06 0,31 

6 11-Hexadecenoic acid, methyl ester 47,00 0,00 0,04 0,05 0,03 0,02 

7 Palmitic acid, methyl ester 47,53 2,01 7,71 8,09 7,89 5,27 

8 Methyl 9-heptadecenoate or 9-17:1 49,38 0,00 0,01 0,01 0,00 0,00 

9 Heptadecanoic acid, methyl ester 49,93 0,00 0,01 0,01 0,00 0,01 

10 γ-Linolenic acid, methyl ester 51,16 0,00 0,57 0,66 0,39 0,31 

11 Methyl stearidonate 51,31 0,00 0,24 0,32 0,19 0,18 

12 Linoleic acid, methyl ester 51,52 21,28 51,09 52,68 49,24 36,32 

13 Oleic acid, methyl ester 51,66 19,14 35,14 34,00 32,87 24,53 

15 Stearic acid, methyl ester 52,35 1,48 3,69 3,09 2,35 1,89 

16 Linoleic acid 52,50 0,66 0,00 0,00 0,00 0,00 

17 Belirlenemeyen bileşik 56,18 0,00 0,02 0,00 0,00 0,00 

18 Belirlenemeyen bileşik 56,34 0,00 0,05 0,00 0,00 0,00 

19 sis-11-Eicosenoic acid, methyl ester 57,13 0,00 0,36 0,27 0,16 0,13 

20 Arachidic acid methyl ester 58,06 0,00 0,90 0,70 0,35 0,33 

21 Adipic acid, bis(2-ethylhexyl) ester 60,96 50,35 0,00 0,00 4,57 28,51 

22 Cannabidiol 62,14 1,85 0,00 0,00 0,10 0,31 

23 Behenic acid, methyl ester 66,32 0,00 0,16 0,10 0,06 0,08 

24 Nonacosane 75,92 0,00 0,00 0,00 0,63 0,46 

25 p,p-Dioctyldiphenylamine 76,99 0,00 0,00 0,00 0,00 0,43 

 

 

Günümüzde tüketiciler, insan hastalıklarını önlemek veya tedavi etmek amacıyla sürekli olarak 

insan beslenmesini destekleyecek faydalı doğal ürünler aramaktadır. Bazı tereddütlere rağmen 

kenevir tohumu yağı ile ilgili bu alandaki çalışmalar, son yıllarda yoğun bir şekilde artmaktadır. 

Bu nedenle birçok çalışma kenevir tohumu yağının faydalı etkisini bildirmiştir. Aslında, 

kenevir tohumunun insan beslenmesinde tek başına veya bir yan ürün (örneğin yağ) olarak 

kullanımı Ülkemizde çok eski yıllara dayanmasına rağmen, kimyasal bileşimi ve değişkenliği 

hakkında çok az şey bilinmektedir. Bunun nedeni ise bu alanda araştırmalar oldukça yetersizdi 

ve bu durum 9 Ocak 2019 tarihinde gerçekleştirilen “Cumhurbaşkanlığı Hükümet Sisteminde 

Yerel Yönetimler Sempozyumunda” gerçekleşen açıklamalar ile değişmiştir. Bunun birkaç ana 
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sonucu olabilir: Bunlar, analitik-kantitatif açıdan çok farklı ürünlerin pazarlanmasını içerir. 

Kenevir tohumu yağı ürünlerinin benzersizliği daha fazla dikkat edilmesi gereken konu/nesne 

olmalıdır. İyi gıda hedefine ulaşmak için tarımsal ve hasat sonrası konuları ve yönetim 

koşullarını iyi tanımlayan bir disiplin uygulama yöntemlerine olan ihtiyacı ortaya koymaktadır. 

Günümüzde kenevirin değişik kısımlarından bir çok gıda takviyesi ürünleri bulunmakta ve 

sağlık alanında kullanılmaktadır. Ancak bu alanda ülkemizde çalışmalar oldukça yetersizdir. 

Bu alandaki çalışmalar teşvik edilmeli ve araştırmaların önündeki en büyük engellerden birisi 

olan yönetmeliklerin ve düzenlemelerin bir an önce tamamlanması gerekmektedir. 

 

 

Finansman: Bu araştırmalar Katma Değeri Yüksek Tarımsal Ürünler alanında YÖK tarafından 

ihtisaslaşan Iğdır Üniversitesi Araştırma Laboratuvarlarında (ALUM) (YİP0723İ01)  nolu 

Proje kapsamında) ileri düzey analizler ile yapılmış olup hammadde ve ekstraksiyon işlemleri 

Keneviro Firması ile yapılan ortak çalışmalar ile gerçekleştirilmiştir. 

Teşekkür: Kenevir tohumları temini için KENEVİRO firması Yönetim Kurulu Başkanı Uğur 

BALKUV tarafından temin edilmiş, scCO2 ekstraksiyon çalışmaları Samsun Ondokuz Mayıs 

Üniversitesi Teknoparkında faaliyet gösteren Keneviro Firma çalışanları tarafından 

gerçekleştirilmiş ve GC-MS/MS analizleri için Dr. Öğretim Üyesi Fatih GÜL tarafından 

yapılmıştır.  
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ABSRACT 

Barley (Hordeum vulgare L.) leaf spot blotch diseases caused by the pathogen Pyrenophora 
teres Drechsler, including net blotch (Pyrenophora teres f. teres Drechsler) and spot blotch 
(Pyrenophora teres f. maculata Smed.-Pet.), are significant fungal diseases worldwide, 
causing substantial yield losses. Barley is the most widely cultivated field crop in the Turkish 
Republic of Northern Cyprus (TRNC), and P.teres leaf spot diseases are prevalent in the 
region. This study aimed to determine the disease status of locally cultivated varieties, 
identify barley genotypes less affected by or resistant to the disease, and establish 
relationships between disease incidence and tiller numbers. The research was conducted in 

barley genotypes were used in the trial. These genotypes were planted in factorial 
experimental design with three replications in plots measuring 5x1.2 meters. Tiller numbers 
and leaf spot disease (P. teres) observations were evaluated by counting 50 randomly selected 
plants from each replication at stem elongation stage (Zadoks 32). Disease assessments were 
made using a 1-9 scale. Statistical analysis revealed significant effects of genotype, location, 

P.teres disease incidence at the 1% 
level of significance. Maximum tiller numbers ranged from 1 to 7.4, and maximum disease 

classified as moderately resistant, 22 as moderately resistant-moderately susceptible, three as 
moderately susceptible, and one as moderately susceptible-susceptible. Correlation analysis 
indicated a significant negative relationship between disease incidence and tiller numbers. 
Variability in responses to disease among barley genotypes was observed, suggesting the 
presence of promising materials with resistance to the disease, which could be utilized as 
parents in breeding programs and crop production.

Key words: Barley; Genotype; Pyrenophora teres; Number of siblings 
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INTRODUCTION 

Barley, widely cultivated across various geographical regions worldwide due to its 
adaptability to diverse environmental conditions, is primarily consumed in animal feeding and 
malt production. According to USDA data, approximately 159 million tons of barley were 
produced on about 51 million hectares (ha) globally during the 2020/21 season. The EU 
ranked first in both global barley cultivation areas and production during the 2020/21 period. 
In Turkey, barley was cultivated on approximately 3.2 million ha in 2021, yielding 5.75 
million tons with an average yield of 181 kg/ha. By 2022, the production had increased to 8.5 
million tons (TUIK, 2022). Approximately 70-80% of barley production in Turkey occurs in 
dry and semi-arid areas, negatively affecting grain yield and product quality. However, barley 
exhibits resilience to limited water conditions compared to other cereals. In Turkey, barley 
production relies on rainfall-dependent conditions, necessitating the use of varieties adaptable 

requirements apply to the Turkish Republic of Northern Cyprus (TRNC). 

Grain cultivation in the TRNC predominantly focuses on important cereal types such as 
barley and wheat. A significant portion of agricultural land is allocated to cereal production, 
with barley cultivation being particularly widespread. The climate conditions in the country 
provide a suitable environment for successful barley cultivation. Grain cultivation holds a 
crucial position in the country's economy and forms one of the cornerstones of the agricultural 
sector. Out of the total 1,253,679 hectares of cultivable land in Northern Cyprus, 758,790 
hectares are dedicated to cereals. Barley holds the highest share at 87.20% (Konuksal et al., 
2017). 

Approximately 122,500 tons of barley grains were produced in Northern Cyprus and barley 
yield was 1,679 kg/ha in 2019 (Anonymous, 2024). Due to the low yield and quality per 
hectare, the demand for sufficient and high-quality animal fodder cannot be met. Currently, 
barley varieties from Southern Cyprus such as Athenais, Ahna, Dimitriadis, and Gitrea, as 
well as some barley varieties imported from Turkey, are being cultivated. In addition to 
abiotic factors such as drought, salinity, and temperature affecting barley yield, biotic factors 
also play a significant role. Barley varieties cultivated in Northern Cyprus for approximately 
50 years without crop rotation are not sufficiently resistant/tolerant to existing diseases and 
pests, leading to a high density of disease and pest populations (Konuksal et al., 2017). 

One of the significant diseases affecting barley in Northern Cyprus is caused by the 
Pyrenophora teres pathogen, with two forms known as the net form (P. teres f. teres) and the 
spot form (P. teres f. maculata), and the prevalence of the disease is determined to be 70% 

kaya 

(1956) in Turkey, it was found that P. teres related diseases are widespread in Ankara, 
5% to 25% in these 

Anatolia Region in May 1984 revealed that out of 109 barley fields surveyed, 76 were 
infected with Pyrenophora teres. It was reported that the disease was encountered in 70% of 
the production areas, with an intensity of 13.4%. Hekimhan et al. (2016b) conducted a two-
year survey study in 2014 and 2015, covering a total of 100 barley fields in in the Aegean 
Region Coastal Zone, and determined the prevalence of leaf spot blotch diseases 
(Pyrenophora teres
prevalence of P. teres 
be 25.5%. 
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Numerous studies have be
genotypes against P. teres 

al., 2017a; 2017b; 2019a; 2019b). In these studies, numerous varieties and breeding materials 
along with genetic resources have been tested, and sources of resistance have been identified 
at various levels. Researchers have also noted differences in virulence among isolates of P. 
teres. The continuity of breeding efforts and the changing of breeding materials and varieties 
over the years necessitate the continuous pursuit of resistance studies. 

Net blotch, a significant disease affecting barley, is initially introduced through three primary 
sources: infected seeds, crop residues, and straw residue. Controlling net blotch begins by 
removing the primary inoculum of P. teres through the use of healthy seeds (Jalli, 2011). 
Following barley kernel harvest, crop debris and straw residues further contribute to the 
spread of the disease. Studies indicate that higher levels of infested residues can intensify 
disease severity, leading to reduced yields (Adee, 1989). Strategies to mitigate the primary 
inoculum include baling and removing straw from fields after harvest, although open-field 
burning, once practiced, is now prohibited due to environmental concerns. Modern 
alternatives such as chopping and burying straw residues aim to reduce inoculum quantity 
(Jordan & Allen, 1984). Crop rotation is beneficial in minimizing pathogen severity, with a 
minimum 2-year interval between barley crops recommended to prevent net blotch (Duczek et 
al., 1999). The choice of seeding method also influences disease severity, with direct seeding 
becoming increasingly popular in contemporary agricultural practices (Jordan and Allen, 
1984; Mclean et al., 2009). However, while direct seeding reduces production costs, it can 
increase P. teres 
resistance to disease (Jonsson et al., 1998), with resistant genotypes exhibiting minimal 
visible leaf lesions, limited fungal growth on infected leaf tissue, and increased production of 
antifungal products by barley leaves (Graner et al., 1996). The use of resistant varieties has 
been demonstrated to be highly effective with minimal environmental impact (Mclean et al., 
2009). 

The aim of this study was to determine the disease status of locally cultivated varieties, 
identify barley genotypes that are less susceptible or unaffected by the disease, and establish 
relationships between disease incidence and sibling numbers. 

MATERIAL AND METHOD 

The research 
during the 2016-2017 season. A total of 29 spring barley genotypes were utilized as materials 
in the experiment. Among the genotypes included in the trial, Ahna, Athenais, Gitria, 
Golopsida, and Lysi are Southern Cyprus varieties grown in the Turkish Republic of Northern 

varieties belonging to the Aegean Agricultural Research Institute. The genotypes LT3, LT15, 
and LT20 are advanced spring barley lines developed in the TRNC Agricultural Research 

usa, Raufbey, Selanik, and 

Agricultural Research Institute.  

The trials were sown with a plot seeder in a factorial experimental design in randomized 
blocks with three replications, with plot sizes of 5x1.2 meters. Seed density for each genotype 
was set as 550 seeds/m2. Observations on tiller number and leaf blotch disease (P. teres) in 
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plants were conducted at the stem elongation stage (Zadoks 32) by counting and evaluating 50 
randomly selected plants from each replication. Tiller number was calculated by recording the 
number of stems formed per plant. Disease assessments were counted using Tekauz's (1985) 
1-9 scale under natural conditions (Figure 1). 

Figure 1. Scale used for the evaluation of Pyrenophora teres diseases (Tekauz, 1985). 

According to this scale, the reactions of genotypes are evaluated as follows: 1= Resistant (R); 
2= Resistant- Moderately Resistant (R-MR); 3= Moderately Resistant (MR); 4, 5, and 6= 
Moderately Resistant-Moderately Susceptible (MR-MS); 7= Moderately Susceptible (MS); 
8= Moderately Susceptible-Susceptible (MS-S); 9= Susceptible (S). 

The data obtained from the study were analyzed using the SAS software JMP Pro 13 (64 bit) 
package program (Anonymous, 2016). Differences between the means of the data, which 
were designed as three replications according to the Randomized Complete Block Design and 
subjected to analysis of variance, and groupings were made using the least significant 
differe

RESULTS AND DISCUSSIONS 

The variance analysis conducted on the obtained data revealed significant differences at the 
1% level (P<0.01) for the factors of Location, Genotype, and Genotype x Location concerning 
sibling numbers. The sibling numbers ranged from 1 to 7.4, with an average of 3.07 across all 
varieties and locations. Based on observations taken before heading, the average sibling 
number was determined to be 3.69 
sibling numbers were also observed among genotypes, with the Girit genotype having the 

average of 2.30 siblings (Figure 2). Furthermore, there were differences in sibling numbers 

In the variance analysis conducted for Pyrenophora teres disease, statistically significant 
differences were found at the 1% level (P< 0.01) among all factors examined. Disease scores 
ranged from 1 to 8, with an average disease score of 3.96 across all varieties and locations. 
Disease development varied amon
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revealed that the lowest scores were obtained from the Raufbey (2), Hilal (2.25), and Baf 
(2.50) genotypes, while the highest scores were recorded for the Karpaz (5.50), Bayrak (5.38), 

sco

In the evaluation of disease reaction values for varieties, the highest value within replications 
was considered. Most genotypes (22) fell into the moderately resistant-moderately susceptible 
(MR-MS) group. Three genotypes, Raufbey (3), Hilal (3), and Baf (3), were classified as 
moderately resistant (MR). These three genotypes are considered more tolerant and resistant 
to disease compared to others. Tree genotypes, Alhisar (7), Selanik (7) and Lapta (7), fell into 
the moderately susceptible (MS) group. The most susceptible genotypes, Bayrak (8) and 
Karpaz (8), fell into the moderately susceptible-moderately resistant (MS-S) group. Similar 
studies have identified sources of resistance by obtaining disease values at different levels in 

2017a; 2017b; 2019a; 2019b). 

A correlation analysis was conducted to investigate the relationships between disease and 
sibling numbers by examining the minimum, maximum, and average values (Table 2). 
According to the results, significant relationships were found at the 0.01% level between 
minimum disease scales and maximum sibling numbers, minimum disease score and average 
sibling numbers, and average disease scores and average sibling numbers. The correlation 
coefficients were determined as -0.2643, -0.2720, and -0.2117, respectively (Table 3). It can 
be observed that there is a negative relationship between disease and sibling numbers. Since 
the minimum and maximum values are the highest values obtained within replications, they 
may not necessarily correspond to each other, so it is appropriate to evaluate them based on 
average values. This indicates the need to examine the relationship between average disease 
values and average sibling numbers. Thus, at the statistically significant level of 5%, the 
correlation coefficient (r) of -0.2117 explains the relationship, indicating approximately a 
21% relationship between disease and sibling numbers. Considering that the disease is a leaf 
disease, expecting a very high relationship would be incorrect. Considering that the disease 
infects the plant shortly after emergence from the soil, especially in the early stages, this 
could cause such a change in sibling numbers. Mathre (1997) and Gangvar et al. (2018) have 
reported a decrease in sibling numbers due to leaf diseases such as powdery mildew in barley. 

Tablo 1. Values related to the number of siblings formed by the varieties included in the trial 
-2016 season 
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1 1 Varieties planted in TRNC, 2 Aegean Agr. Res. Ins. (ETAE) varieties, 3 Advanced materials codenamed by ETAE, 4 TRNC advanced 
materials, **P<0.01, Levels connected by same letter are significantly different

1
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Tablo 2. Pyrenophora teres disease scale values for the varieties included in the trial in 
-2016 season
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Levels connected by same letter are significantly different, **P<0,01 

Figure 2. Mean sibling numbers of the genotypes 
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Figure 3. Mean Pyrenophora teres disease scale values of the genotypes 

Table 2. Analysis result of pairwise correlations between the mean, minimum and maximum 
value numbers of siblings and P. teres disease skores 
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CONCLUSIONS 

As a result; out of the 29 genotypes examined for P. teres disease, 3 were found to be 
moderately resistant, 22 were moderately resistant-moderately susceptible, 3 were moderately 
susceptible, and 1 was moderately susceptible-susceptible. Among the genotypes, the Hilal 
variety, Raufbey, and Baf advanced breeding lines were identified as moderately resistant. 
Correlation analysis revealed significant results, indicating a negative relationship between 
the disease scores and the number of siblings. It is observed that the three identified 
moderately resistant genotypes also have higher sibling numbers. Additionally, in locations 

relationship was found between the siblings' number capacity and disease severity. 
Furthermore, the ability of the pathogen to be transmitted through seeds and its early onset 
may contribute to the decrease in sibling numbers. Combatting the disease may lead to 
increased dry matter and water consumption by the plant, while the pathogen may also utilize 
nutrients and water from the plant, causing this decrease in sibling numbers. Overall, it is 
evident that there are varying responses to the disease among barley genotypes, and promising 
materials against the disease have been identified. These materials can be utilized as parents 
in production and variety development concerning disease resistance. 
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ABSTRACT

Introduction and Objective: There are 68.923 hectares of winter pasture and 29.736 hectares of 
summer pasture in Nakhchivan Autonomous Republic. 16.643 hectares of winter pasture and 
15.415 hectares of summer pasture are suitable for agriculture. It is aimed to investigate poisonous 
plants in pastures and to prepare control measures for prevention. Materials and Methods: In order 
to investigate the poisonous plants in the existing plant species, sample plots of 1 m2 were selected 
and the research was carried out in three options. Botanical and economic groups of plants taken 
from the sample plots were analysed. Classical and modern - botanical, floristic, systematic, 
areological, ecological and statistical methods were used in the processing of materials. 
Phenological observations were based on the methods of E.M. Lavrenko, I.N. Beydeman and I.P. 
Lapina. Results: 36,238.22 hectares of the total area of the region are covered with pastures and 
grasslands, of which 18,454.25 hectares (51%) are usable, and the remaining 17,783.97 hectares 
(49%) are almost unusable, as they consist of stony-gravelly, rocky and eroded lands. Discussion 
and Conclusion: According to the conducted researches, Armenia's placement of trenches in the 
border region, construction of military-technical facilities, overuse of pastures, increasing tendency 
of lands to desertification and swamping under the influence of strong environmental and 
anthropogenic factors, poisonous plants not eaten by animals and not used by humans, contributing 
to unfavourable climatic conditions, faster adaptation and occupation of new habitats with abundant 
seeds are factors affecting the dynamics of development of poisonous plants in pastures. 
Considering the results, it is important to remove poisonous plants that are not eaten by animals in 
pastures by various methods until the flowering period, to cut and uproot poisonous plants in 
pastures, to apply herbicides, to make grass restoration and to implement control measures using 
rotational grazing system. 

Keywords: Nakhchivan AR, poisonous plants, pest plants, summer pastures, winter pastures, 
herbicides 
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DAMAGES CAUSED BY DREPANOTHRIPS REUTERI IN VINEYARDS OF THE 
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ABSTRACT 
When vines are infected with various pests in viticulture, if they are not fought against, the 
productivity decreases, the quality of the product deteriorates, and the negative consequences 
caused by one disease or pest lead to the activation of other diseases. One of these pests is the 
thrips pest (drepanothrips reuteri), which is found in all wine-growing regions. The article 
deals with chemical and integrated control of bunch thrips in grape varieties grown in 
Nakhchivan Autonomous Republic, as well as their separate application methods.
In the article, the negative impact of this pest on 18 aboriginal grape varieties, the degree and 
timing of infestation, herbicide spraying intervals, and the evaluation of the degree of 
resistance of the varieties with points are given. As a result, grape varieties resistant to this 
pest were selected. 
Keywords: disease, pests, thrips, viruses, berries, viticulture, cluster, berries 

Introduction and Purpose: Some insects are vine pests, appearing very early in the vineyard, 
when the eyes are swollen. Their bites damage all green parts of the plant, deform them and 
slow down the growth and development of shoots, leaves and berries. Grape thrips, 
Drepanothrips reuteri, and orchard thrips (Thrips tabaci) are species found in vineyards, 
especially those that prey on table varieties. Many researchers believe that the most common 
diseases of grapes within the vitis genus are mildew, oidium, anthracnose, leaf mosaic, gray 
rot (fungal diseases) and phylloxera, grape cluster leaf spot, net mite, may beetle, thrips, etc. 
as pests. In cases where there is no fight against them, they cause serious damage to vineyards 
[1, p. 118-120; 2; 3, p. 255-267; 4, p. 788-790; 5, p. 72-79; 6, p. 19-23; 7; 8, p. 25-27; 9, p. 9-
13]. 
Materials and Methods: In the course of the research, 18 aboriginal table and technical  (for 
processing - vinegar, raisins, molasses, etc.) grape varieties were used (2020-2022). 
Researches were carried out in the field-collection garden of rare grape varieties planted by us 
in the Botanical Garden. The most observed diseases and pests of the grape plant under the 
conditions of Nakhchivan MR prof. It was studied according to "New phytopathological and 
immunological research methods in viticulture" by P.N. Naydenov (1985) and evaluated on a 
5-point scale. Experimental work was carried out using advanced methods and their essence
[10] .
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Results: Adults of grape thrips, Drepanothrips reuteri, are yellow-brown in color, while most 
juveniles are yellowish. Grape thrips are smaller than other thrips, reaching a maximum 
length of 0.7-0.8 mm. The biological cycle is as follows: 
The presence of Drepanothrips reuteri- thrips is already visible in the vineyards starting from 
the budding stage, when the insect attacks and damages the vegetation of the vineyard during 
this mass defoliation period. Thrips feed on plant sap thanks to their sharp sucking 
mouthparts, and bites slow down the development and growth of thrips by deforming them. 
These insects find the most suitable place to lay eggs in the young green parts of grapes. Each 
female can lay up to 100 eggs. The young generation is mainly in the upper part of the gills. 
The fertilized female overwinters in the stumps (mainly at the base of one-year shoots), 
moves on young shoots in spring to feed her offspring, and lays eggs in the veins of shoots 
and in the epidermis of leaves (Picture 1-3).

Picture 1.  

Picture 2.
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Picture 3. 

In the spring season, thrips gather in the crown and upper young leaves to lay eggs. The first 
generation of thrips completes the cycle in early June and, depending on climatic conditions, 
4 generations of thrips may hatch during the growing season by September. As mentioned, 
this insect is very small in size, which means that it cannot actively fly long distances. 
However, wind can help spread thrips in the environment. 
Damage to stems and leaves 
Although older individuals of Drepanothrips reuteri do not fly long distances, they are very 
mobile and prefer to injure young birds. Thrips bites cause necrosis, tearing of leaves during 
active growth and elongation of tissues, curling of young leaves, retardation of growth, and 
deformation of gills, taking a "zigzag" shape (Picture 4-5).
Signs of superficial and long-lasting necrotic incisions caused by punctures with the pest's 
mouth or ovaries are visible at the base of the thrips-affected shoots (Picture 6).
Damage to the grape bunch 
Damage to grape clusters by thrips can cause various damages, for example, brown necrosis 
at the site of the bite, as well as rust disease both on berries and on other organs of the cluster. 
Initially, the damage is more noticeable around the puncture point near the stalk, and after a 
while the spot spreads more along the clay (Picture 7).
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Picture 4. 

Picture 5.

Picture 6.

Picture 7.
Discussion and Conclusion: Monitoring is key to determining when to spray to control 
thrips. Typically monitoring was done by collecting leaf samples at a threshold of 2-4 thrips 
per leaf, depending on distribution. When the leaves are examined under light, thrips are 
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clearly visible to the naked eye, as they advance 4-5 cm on the underside of young leaves 
(away from direct light). Medications such as pyrethroids and neonicotinoids are used against 
sucking insects like thrips. If possible, their natural enemies, predatory mites (Amblyseius 
cucumeris), can be use in pest management. Our experiments have shown that the periodic 
use of Nakhchivan zeolite, rich in trace elements, creates a certain effectiveness against thrips 
when we apply reclamation measures on arable land. 
Conclusion and suggestions 
- Grape thrips infects most of the table varieties, but in an uncertain sequence and at an 
unstable level. White Kalampur and Nakhchivan Khatinis (2 points), White alder, Duzali, 
Khanimi, Nakhchivan Golden grape, Tula eye, Foxtail, Black Khalili, Black Kurdashi, 
Khatmi, Sahibi and Yellow alder varieties (1 point), least Bandi, Khazani , Nakhshabi, 
Shahangiri, Jalali, Dash black, Shahtakhti, Talibi and Zalkha varieties (1 point), White alder, 
White calampur, Nakhchivan Khatinisi, Khatmi, Yellow alder, Tula eye and Fox tail varieties 
(1-2 points), Duzali, Khazani, Shahangiri, Kara Khalili, Kara Kurdashi, Nakhchivan Golden 
grape, Nakhshabi, Sahibi, Jalali, Dash Kara, Talibi and Zalkha varieties are infected (1 point); 
- For now, chemical drugs should be used against thrips, but monitoring and control should be 
carried out no less than once a week in order to prevent timely infection, pheromone traps can 
also be used here; 
- The more careful and timely monitoring control is carried out, the less the number of drug 
sprayings, the less pollution of the environment and biodiversity, the more eco-friendly crops 
can be grown and the production costs are lower. 
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ABSTRACT

In the presented conference material, information is provided about the nutritional value of 
the woody species of the Rosaceae Juss family spreading in the mountain-xerophyte and 
steppe vegetation of the Nakhchivan Autonomous Republic flora. During the comparative 
analysis of literature sources and collected factual materials, it was determined that in the 
mountain-xerophytic and steppe flora of the Autonomous Republic, woody species of the 
Rosaceae Juss family is characterized by 79 species belonging to 12 genera. On the basis of 
the conducted research, it was determined that 40 species of woody plants of the Rosaceae 
Juss family spread in the mountain-xerophytic and steppe areas of Nakhchivan MR are 
medicinal, 52 are food and fodder, 31 are phytoremedial, 47 are decorative and greening, 70 
are pollen-providing, 50 - it is used as a useful plant that gives nectar. 
That is why our researches allow to determine the important features of the  Nakhchivan AR 
flora, which are characteristic of the woody species of the Rosaceae Juss family of the 
mountain-xerophyte and steppe zone. According to the literature, the composition of food and 

, vitamin E, 
ascorbic acid, lemon salt, phytoncides, carotene (provitamin A), organic compounds of iron 
and phosphorus. trace elements such as manganese, copper, potassium etc. From this point of 
view, in the structure of the mountain-xerophyte and steppe complex, woody food species of 
the Rosaceae family occupy an important place. 
Based on the actual materials collected during the research conducted in Nakhchivan AR at 
different times, detailed information about the prospects of the use of woody species of the 
Rosaceae Juss family in the mountain-xerophyte and steppe vegetation of the region is 
reflected in table 1. At the same time, extensive information is provided about the taxonomic 
spectrum of the available nutritional species and the areas where they are used. 

Key words: food, fodder, steppe, mountain-xerophyte, species 
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INTRODUCTION 

Nakhchivan Autonomous Republic is a typical mountainous region with fascinating nature, 
rich flora and vegetation. The geographical position, relief features, soil and climatic factors 
have led to the formation of vegetation, which is considered one of the main natural resources 
of this region. According to the literature information, the Nakhchivan AR flora has a special 
place for food-important species. Numerous plants found in the wild flora have been studied 
by people at different times and planted and cultivated as food species. Food plants are not 
only a product of nature, but also an object of human labor. These species occupy a key place 
in both phytocenoses and agrophytocenoses, and are used by humans for purposes determined 
to one degree or another due to their diversity of formation, distribution and systematic status. 
In the mountain-xerophyte and steppe vegetation of the flora of the Nakhchivan Autonomous 
Republic, looking at the important woody species of the Rosaceae family (Rosaceae Juss.), it 
can be seen that the nutritionally important species of the family are more widespread. Thus, 
there is a need to study more comprehensively, taking into account the relevance of spreading 
laws of woody food-important species of this family. 

MATERIAL AND METHODOLOGY OF THE RESEARCH 

During the research, generally accepted floristic, geobotanical, bioecological, etc. methods, 
phenological observations were used. As the main research material, literature sources and 
actual data obtained during field research were referred to, and as the research material, edible 
woody species belonging to the Rosaceae family were selected (Babayeva, 2021; Babayeva 
2022; Mammadov, 2018; Babayeva, 2021; Ganbarov & Babayeva, 2022; Ganbarov &
Babayeva, 2023). The specification of the names of the researched nutritionally important 
species is given based on the works of Askerov 2016, "Azerbaijan flora" 1954, Ibrahimov, 
Piriyev & Ganbarov 2011 "Trees and shrubs of the Rosaceae family in the territory of the 
Nakhchivan Autonomous Republic".

DISCUSSION AND CONCLUSIONS OF THE STUDY 

One of the economically important floral families of the Nakhchivan AR is Rosaceae family. 
As a result of the conducted research, it was found that the food-important woody species of 
the Rosaceae family is represented by 52 species belonging to 9 genera, and the comparative 
analysis of the species belonging to these genera is reflected in the following table (Babayeva,
2020), (Table 1.).

Table 1.

Classification of the important species of the Rosaceae family 

S/N

Genera Species
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1 Amelanchier Medik A. ovalis + + + +
2 Cotoneaster Medik C. suavis + +
3 C. integerrimus + + +
4 C. multiflorus + +
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5 C. melanocarpus + +
6 C. saxatilis + + +
7 Crataegus L C. armena + + +
8 C. caucasica + + +
9 C. cinovskissi + + +
10 C. eriantha + + +
11 C. meyeri + + + +
12 C. monogyna + + + +
13 C. orientalis + + + + +
14 C. pallasii + + +
15 C. pojarkoviae + + + +
16 C. pontica + + + +
17 C. pseudoheterophylla + + +
18 C. szovitsii + + +
19 C. zangezura + + +
20 Louiseania Carr. L. ulmifolia + +
21 Malus Mill. M. orientalis + + +
22 Prunus L. P. araxina + + + +
23 P. communis L. + + +
- -A. c. forma amicta + + +
- -A. c. forma amara + + +

24 P. divaricata + + + +
25 P. fenzliana + + +
26 P. incana + + + +
27 P. mahaleb + + + +
28 P. microcarpa + + +
29 P. nairica + + +
30 Pyracantha M. Roem. P. coccinea + + +
31 Pyrus L. P. acutiserrata + + +
32 P. medvedevii + +
33 P. oxyprion + +
34 P. raddeana + + + +
35 P. salicifolia + + +
36 P. syriaca + + +
37 P. voronovii + + +
38 P. georgica + + +
39 P. megrica + + +
40 Rosa L. R. brotherorum + + + + +
41 R. boissieri + +
42 R. buschiana + + +
43 R. canina + + + +
44 R. chomutoviensis + +
45 R. corymbifera + + + +
46 R. floribunda + +
47 R. foetida + +
48 R. haemisphaerica + +
49 R. hracziana + + +
50 R. iberica + + +
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51 R. karjaginii + + + +
52 R. kazarjanii + +
53 R. marschalliana + + +
54 R. multiflora + +
55 R. nisami + + + +
56 R. orientalis + + +
57 R. sachokiana + + + +
58 R. sosnovskyana + + + +
59 R. subafzeliana + +
60 R. rapinii + + + +
61 R. spinosissima + + + +
62 R. pulverulenta + + +
63 R. teberdensis + +
64 R. tomentosa + + + +
65 R. tschatyrdagi + +
66 R. tuschetica + + +
67 R. villosa + + +
68 R. zangezura + + +
69 Rubus L. R. anatolicus + + + +
70 R. caesius + + +
71 R. ibericus + + + +
72 Spiraea L. S. crenata + +
73 S. hypericifolia + + + +
74 Sorbus L. S. graeca + +
75 S. persica + +
76 S. luristanica + +
77 S. roopiana + +
78 S. takhtajanii + + + +
79 S. turcica + +

Woody species of the Rosaceae family are mainly planted and cultivated as food and fodder 
plants. The role of these plants in human life is irreplaceable. Thus, fodder plants grazed by 
cattle and eaten by birds have a special role in the life of animals. In addition to being food 
and feed plants, the plants mentioned in the given table are also of special importance as 
decorative, medical, pollinating and nectar-giving plants, widely used in phytomelioration 
measures. 
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Picture 1. Prospects for the use of woody species belonging to the Rosaceae family plants 

The food-important woody species of the Rosaceae family, spreading in the mountain-
xerophytic and steppe vegetation of the flora of the Nakhchivan Autonomous Republic, make 
up 18% of the total species (Ganbarov & Babayeva, 2020). Below there  is information on the 
more commonly used types.

Prunus divaricata The fruits of the cherry plum tree have been known as a valuable 
food product since ancient times. The body's thirst is eliminated by using its ripe fruits. It is 
also widely used in the production of jam, povilla and canning. The fruit contains vitamin C, 
sugar, lemon salt, and pectin substances. Cherry is known as a fruit especially rich in 
potassium and magnesium minerals. Cherry lavash is also prepared from cherries and eaten 
with food. 

Picture 2. Prunus divaricata Cherry plum 

Pyrus raddeana-Radde pear is one of the most useful food fruits. Pear fruits are rich 
in sugar, pectin substances, antioxidants, organic acids, vitamin A, B, C and K, carotene 
substances. Also, pear fruits contain calcium, magnesium, and folic acid. Pear, which is a rich
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source of fiber, helps to lose weight by keeping you full for a long time, and prevents cancer 
with its anti-carcinogenic properties. Pears are also rich in potassium, which has a great effect 
on heart health. 

Picture 3. Pyrus raddeana Radde pear 

Malus orientalis Oriental apple is a fruit that has been considered a source of vitamins 
since ancient times. Apple is also very valuable as a food plant. It is characterized by the high 
content of biologically active substances. Apple fruits contain organic acids, ascorbic acid, 
iron, copper, calcium, phosphorus, manganese, B complex vitamins, vaccines, essential oils, 
etc. is very rich with Also, apple fruits have bactericidal and anti-inflammatory properties. 
Prunus fenzliana  Almond is one of the food plants with great benefits for human health. 
Almonds contain 54% fat, 16.9% starch, and are very rich in vitamins. Its composition is rich 
in vitamins A, B, C, E, magnesium, iron, calcium, phosphorus, carbohydrates, and potassium. 
Since the fats in its content keep people full, it also helps to shed excess weight from the body 
when you eat. As almonds are strong antioxidants, they increase the body's immunity and 
regulate growth and development. People who eat at least 4-5 almonds in their weekly diet are 
less likely to have heart problems. 
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Picture 4. Prunus fenzliana- Fenzil almond 
Thus, economically important species have always had a special position in people's lives. In 
this sense, the study of the food-important woody species of the Rosaceae family, spreading 
in the mountain-xerophyte and steppe vegetation of the Nakhchivan Autonomous Republic 
flora, has become one of the most important issues today. 

CONCLUSIONS 
As a result of the conducted research, it was found that the food-important woody 

species of the Rosaceae family are represented by 52 species belonging to 9 genera, and other 
areas where these species are used have also been determined. 
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ABSTRACT 

The half of daily calorie requirement is provided by cereals worldwide and the vast majority 
of plant breeders work mainly on cereals. In past, breeders have generally focused on the 
efforts targeting the yield increases. The importance of beneficial compounds in cereal grains 
for healthy nutrition and consumers demands for these kind of products progressively increase 
and encourage cereal breeders to carry out studies on these subjects. There are scientific data 
confirming dietetic, prophylactic and curative effects of biochemical compounds in cereal 
grains on human health. Cereal grains are rich in protein, carbohydrate, fats, vitamins, 
micronutrients and antioxidants. In recent years, a new trend targeting to combine high 
biochemical and agronomic traits in a single genotype has begun in breeding studies. It has 
been trying to develop new varieties with high protein content as well as rich in fat, fatty 
acids, vitamins of B, A, E and F groups, iron, calcium, phosphorus, manganese, copper, 
molybdenum, other trace elements, polysaccharides, phenolic compounds, carotenoids, 
tocopherols, avenanthramides. It has been considered that the combining of the beneficial 
compounds of grain for human health with resistance to biotic stress and high yielding could 
be possible thanks to new breeding techniques. Marker-assisted selection techniques are 
frequently used to accelerate the development of rich cultivars in useful grain components. 
There are also studies on genetic editing technologies for this purpose. In recent years, the 
varieties with high anthocyanin content and resistance to fungal diseases have been developed 
by marker-based selection method. There are marker-based selection programs aiming to 
increase carotenoid contents of durum wheats. In this paper, it has been tried to give 
information about wheat breeding based on grain properties beneficial to human health. 

Keywords: Wheat, breeding, health components.
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ABSTRACT 

The article informs about the agricultural importance, bio-ecological characteristic features, 
systematic analysis and the distribution of the Eremurus spectabilis M.Bieb. This species is 
spread in limited areas, exposed to negative effects as a sensitive species (VU) was included 
into the "Red Book" of Nakhchivan MR. Taking into account its  worth  as a valuable food, 
medicinal and beautiful decorative properties, our duty is to protect this. In 2023, studies were 
carried out in the Nakhchivan MR districts of Ordubad, Julfa, and Shahbuz. The study was 
carried out in the Gaplangaya neighbourhood of Ordubad district Nusnus suburb, the Shahbuz 
district Kulus suburb, and the Julfa district Gulistan suburb. The primary characteristic 
material is considered to involve herbarium materials,floristic and phytocenological data, 
research materials kept in the herbarium fund, and written sources.  Despite the fact that 
valuable ornamental plants are used in the construction of parks in cities in this area, 
landscape architecture is still not established at the level of modern requirements. The reason 
for this is that the decorative grass plants used in greening are not selected correctly according 
to their resistance to environmental factors and decorative features, height, color and shape of 
their flowers, and spontaneous weeding is carried out in the areas. From this point of view, 
geophytes should be used in the design of parks, gardens, greening, and further beautification 
of cities and towns due to their resistance to ecological factors and decorative features. 

Key words: Eremurus, flora, nutritional value. 
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INTRODUCTION 

demand for food goods, much of which is met by natural products and plant resources. Thus, 
one of the most pressing issues facing the entire world is meeting the demand for food goods. 
Eating adequate, safe, and high-quality food is one of the key requirements for a healthy 
existence. Ensuring the safety of food items is a pressing matter for any nation and state, as it 
plays a significant role in meeting the nutritional, political, social, and medical demands of 
those who live there. According to this point of view, food safety performs a crucial role in 
the advancement of society, ensuring 
the health of coming generations, preserving of the diversity of human genes, and the growth 
of economic productivity. 

MATERIAL AND METHODOLOGY OF THE RESEARCH 

In 2023, studies were carried out in the Nakhchivan MR districts of Ordubad, Julfa, and 
Shahbuz. The study was carried out in the Gaplangaya neighbourhood of Ordubad district 
Nusnus suburb, the Shahbuz district Kulus suburb, and the Julfa district Gulistan suburb. The 
primary characteristic material is considered to involve herbarium materials, floristic and 
phytocenological data, research materials kept in the herbarium fund, and written sources. 
Commonly accepted floristic and geobotanical approaches were used for the field experiments 
(Serebryakov 1964; Seyidov & Ibadullayeva & Gasimov & Salayeva 2014.; Shennikov 1951; 
Yaroshenko1969).
  
DISCUSSION AND CONCLUSIONS OF THE STUDY 

The chiris plant, a member of the Asphodelinae family, is one of the most valuable and 
nutritionally significant natural plant products of the agricultural sector in the flora of 
Nakhchivan MR. It is also one of the most ecologically risk-free goods. This species is very 
significant since it is both a lovely decorative plant and a valuable herb. The composition, 
phytocenology, bioecology, and beneficial characteristics of Eremurus spectabilis species 
have been explained by study carried out and data in literature. 

Eremurus spectabilis M.Bieb.- Desert candle 
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Asphodelaceae - Asphodelaceae Juss. It includes 42 genera and 1500 species distributed in 
most countries of the world. The majority of the world's vegetation is found in tropical and 
subtropical regions in the south. These are perennial, herbaceous, rhizome plants. The chapter 
is divided into several half-chapters and chapters. 2 species of this family are known in 
Azerbaijan [174]. 
Chirish - Eremurus Bieb. They are plants whose leaves form a rosette around the root. The 
inflorescence is bell-shaped, united at the base, with 6-15 leaves. The stamens are 6 in 
number, unequal, columnar, stalk-shaped and with a small mouth. The box should be 
spherical and partitioned. There are 2 species in Azerbaijan and 1 species in Nakhchivan MR 
(Salayeva 2021).
Below is the beautiful cypress -Eremurus spectabilis M.Bieb. Naming of the species is given 
according to the latest modern international classification systems (catalogueoflife 2019;
worldfloraonline 2024;)

Regnum-Plantae 
Divisio-Tracheophyta 
Classis-Magnoliopsida 
Ordo-Asparagales
Familia- Asphodelaceae
Genus- Eremurus 
Species- spectabilis

: 

Eremurus spectabilis M.Bieb.  
Synonyms: 
Asphodelus regius Heynh. 

Eremurus bachtiaricus Boiss. 

Eremurus caucasicus Steven 

Eremurus libanoticus Boiss.

Eremurus sibiricus Weinm., nom. nud. 

Eremurus spectabilis var. caucasicus -Lall. 

Eremurus spectabilis var. variegatus -Lall. 

Eremurus tauricus Weinm., nom. nud. 

Eremurus (lat. Eremurus) is a plant genus belonging to the Asphodelina family of the 
Asparagus family. The word rot is called "Eremurus" in Latin. This word in Greek is 
"eremos" - desert, and "ura" means tail. The dictionary meaning of the word is "desert tail". 
50 species of chirish grow in Eastern, Western and Central Asia, 23 in the former USSR, and 
2 in the Caucasus and Azerbaijan. Recently, researchers have determined that the plant 
belongs to the Asphodelina family.
Chiris is a perennial plant and its underground organ is a root tuber. The roots are densely 
shaped. Depending on the age of the plant, the number of concentrated odorous roots is 6-12.
They are juicy and fleshy, and the inside is rich in reserve nutrients. The roots are rosette-
shaped (star-like) from near the root throat, dense at the base, becoming thinner towards the 
edges and reminiscent of a kind of carrot. There are traces of old flax-like leaves on the throat 
of the carrot. The length of its leaves reaches 20-40 cm. The stem emerges from within the 
rosette leaves. It is 125-140 with a bunch of flowers.
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In Absheron, the vegetation of this species starts in the first decade of February, the formation 
of buds is  in the beginning of April, and the flowering is in the third decade of April and lasts 
for 25 days, depending on the climatic conditions. It is possible to make a beautiful bouquet 
from its flowers. The number of flowers in a flower cluster is greater under cultivated 
conditions than under natural conditions.
The seeds are ripen in mid-June. When the seeds are  ripen, 152 seed pods form on the 
cluster. The box is in the shape of a balloon, and the surface is wrinkled. It is smooth in 
individual cases. The height of the box is 0.1-1 cm, the diameter is 0.6-0.8 cm. The box 
remains on the trunk until the above-ground part of the plant is completely dry. There are 8 
seeds in one box. The shape of the seeds is uneven, the edges are sharp, and the color is 
variegated. 1146 seeds grow in the plant. The dry weight of 1000 seeds is 16.5 grams. The 

much care and effort. But to get a good crop, the soil needs some care.
Rot reproduces through generative (seeds) and vegetative organs. When propagated by seeds, 
the plant blooms and gives seeds after 5-7 years. This is not so useful for farming and 
production. Propagation by seeds is widely used only in breeding for the purpose of obtaining 
a new variety. Despite the late flowering of the chiris plant when propagated by seeds, it is 
possible to obtain numerous planting material from it. This planting material can be used for 
various purposes. It is advisable to sow the seeds in autumn, beginning from October 20. 
Seeds are sown in pre-made and furrowed spots. For this, a little nutritious soil (manure, leaf 
rot, washed, sea sand in the ratio of 1:1:1) is poured into the furrows in the lower part at a 
depth of 1-2 cm, and then the seeds are sown inside those furrows. With good agro-technical 
care, the germination percentage is 90-100%.
When propagated vegetatively, the mother plant is divided and propagated with 2 root shoots 
on it. By this way, it is possible to get 2-4 planting materials from one mother plant. When 
those planting materials are planted, they bloom and produce seeds after 2-3 years.
Chiris is collected when vegetation begins, that is, when the leaves are 6-15 cm long above 
the ground. When collecting, it is cut from the depth of 3-4 cm of the soil, close to the neck of 
the root. Fresh leaves are rich in mucus. Therefore, it should be cut across and under the soil 
so that the soil is automatically poured into the cut place. Otherwise, the slimy juice from the 
roots of the rot, the reserve nutrients will flow out of the cut and weaken the plant, and as a 
result, the plant will lose strength, its nutrition will be weakened, and it will rot and perish. If 
you follow these rules, you will never get rid of rot in the area, and you will use it regularly.
Types of chiris grow in Azerbaijan: Azerbaijani chiris (Eremurus azerbajdzhanikus Charkev.) 
and Spectacular chiris (Eremurus spectabilis Bieb.).
Both species are widely used as herbal and food plants. In Azerbaijan, chirish mostly grows in 
the lower and middle mountain belts, on clay and stony soils in Ordubad, Shahbuz, Babek, 
Julfa, Saderak, Sharur, Kangarli regions of Nakhchivan MR.
Since 1967, in the Central Botanical Garden of ANAS, a collection of chiris plant has been 
created in the experimental area of geophytic plants, and a number of features of the plant, its 
cultivation, propagation procedure, usage and protection measures have been studied.
Chiris plant has been used for various purposes since ancient times. In many regions of 
Azerbaijan, the local population uses chiris as a vegetable plant. When the plant begins mass 
vegetation in February-March, new leaves are collected when they are 6-15 cm above the 
ground. At this time, it is necessary to try to collect the plant from the depth of 3-4 cm of the 
soil, close to the root throat, without damaging the root throat. 6-10 newly opened leaves are 
covered with a golden veil. At this time, the leaves are rich in mucus and vitamin C. When the 
rosette-shaped leaves grow much more than the seed, its nutritional quality decreases. As 
soon as the collected leaves are touched with a knife, they are separated. The leaves are boiled 
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in salty water and then fried in oil with onions. Apart from that, delicious keta and kutab (a 
kind of cake) are prepared  by using  chiris (11).
Onion, coriander and sorrel are added to chirish and chopped to cook keta and kutab. They 
add a little salt to the chopped mixture and cook it in the usual way. It is very good for 
stomach and intestinal diseases, especially in case of inflammatory bowel disease (colitis) as 
it is very tasty, without adding any greens to taste.
Qualified chiris glue is made from chiris plant. Even well-made glue was widely used in 
tailoring, hatmaking, and shoemaking in the past. According to the artists who use chiris glue, 
the chiris applied to the beak of a hat, the collar of a jacket, the heel and toe of boots, and sack 
cloths can maintain its strength for 200-250 years if it is not exposed to water.
The mixture of chiris powder with a decoction made from elm bark is indispensable in the 
treatment of the most dangerous fractures and sprains. During the treatment of broken and 
sprained diseases, doctors often recommend eating poppy seeds so that broken organs and 
limbs to heal quickly. According to the literature data, during the treatment of sprained and
fractured patients, steaming, keta, kutab, etc. made by the leaves of chiris plant are used as 
food and herbs to be cured extremely quickly.
A substance called "eremuran" was obtained from the chiris plant, and the polyethylene cover 
impregnated with this substance has the ability to preserve vegetables for 6 months.
The rules for treatment with rot
Chirish's tuber, root, leaf and flower have been widely used in the treatment of various 
diseases in folk medicine since ancient times. Ointment made by its powder or flour obtained 
from its root tuber is used in the treatment of fractures and sprains, boils and winding type 
wounds.

Chiris flour studied at the Caucasus Silk Plant is described as follows: a thick, cloudy, 
opaque glue is obtained from a mixture of chiris powder with water. This glue contains 
16.37% water, 29.14% ash, 15% clay (gummy, glue), 20% petin. The ash obtained  it contains 
5.77% chlorine, 4.49% magnesium, 21.83% lime, and 2.54% sulfur anhydride (11) 

Treatment of fractures and sprains 
 When the chiris plant finishes its annual vegetation, when the new above-ground 

part dries up (this happens in June), it is dug up, its roots are cleaned of leaves and soil and 
dried. Then they are ground in a grinder, in a small grinder or in a coffee grinder. After taking 
3 tablespoons of chiris flour (powder) (you can take more or less depending on the size of the 
fracture), elm bark is boiled in water (the bark is chopped into small pieces and brewed like 
regular tea, 4 tablespoons of bark are added to 2 cups of water) they prepare. The paste should 
be a little thicker than the top, the thickness of a new fatir. The broken area is cleaned with 
clean alcohol. Prepared ointment is applied to a white cloth, and a small amount of egg white 
is applied to it. A competent, experienced folk doctor fixes broken places. He puts the 
prepared ointment on the fracture. Then, depending on the fracture, that part is divided into 
two parts with a piece of wood and a large hook and wrapped with special tools made from it. 
If the whole operation is carried out by the hands of an experienced Turkish healer, there is no 
substitute for that prepared medicine. Those who fall from a camel, horse, or cart, and those 
who get broken during various accidents can benefit from this method.

 The application should be prepared properly, the dressing should be done very 
neatly. The bandage should be changed every 3 days. It is better to cook fennel from chiris 
leaves on the eve of treatment and eat fennel during the day. This speeds up the integration of 
tests. 

Treatment of pus, winding, boil-type wounds 
They take a piece of rotten root, clean it thoroughly, dry it, and then grind it. They take 

100 grams of chiris powder, mix it with 100 grams of pure honey and boil it over wood. After 
it cools down a little, they add 30 grams of azvai juice to the dough. The medicine prepared 
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according to this method can be used in the form of ointment  for the treatment of wound, 
inflamed blind boil-type wounds. 

Gastrointestinal diseases
Pus has a special therapeutic value in gastrointestinal, anthrax, intestinal

obstruction. Boiled, porridge, keta, kutab etc. made from single leaves of chiris. foods are
more useful for providing and strengthening the body with various vitamins.

Collected chiris leaves are boiled in salt water, the bitter juice is extracted. A layer
of chiris is arranged from the bottom of the pot, then rice, cherry or plum pickles are added to
it. Then finely chopped onions are arranged. A glass of warm water is poured over them. The
mixture is placed on the fire. 15 minutes after the food boils, you need to add 2 tablespoons of
oil. Then you take a spoon and taste it. It is recommended to take it fully cooked. Steaming
and porridge prepared according to this method nourishes the body suffering from vitamin
deficiency before spring with vitamins, and also softens the walls of the esophagus, stomach
and intestines.

CONCLUSIONS 

Acadian as a vulnerable species, distributed in limited areas, exposed to negative
impacts. Areas spread in Zangezur National Park named after Hasan Aliyev and Arpachay
State Nature Reserve should be under special control and natural species should be protected.
Also, unfortunately, we have very weak awareness among the population for the protection of
this species. Therefore, mass spontaneous collection of the species as food by the local
population may lead to a gradual decrease in its population and even its extinction in the
future. It is important to take serious measures for this purpose (Mardanly 2018).

For example, in the territory of the Russian Federation, very strict laws have been
adopted for the protection of this species. This plant is included in the "Red Book" of the
Russian Federation. Pursuant to Article 260.1 of the Criminal Code of the Russian Federation,
intentional damage or destruction of individuals of this type and its display on the Internet is
punishable by imprisonment from 4 to 9 years with a fine in the amount of several million
rubles (plantarium.ru).

Despite the fact that valuable ornamental plants are used in the construction of
parks in cities in this area, landscape architecture is still not established at the level of modern
requirements. The reason for this is that the decorative grass plants used in greening are not
selected correctly according to their resistance to environmental factors and decorative
features, height, color and shape of their flowers, and spontaneous weeding is carried out in
the areas. From this point of view, geophytes should be used in the design of parks, gardens,
greening, and further beautification of cities and towns due to their resistance to ecological
factors and decorative features.

REFERENCES 

Salayeva Z.K. Bioecological characteristics of the genus Chiris distributed in the flora 
of the Nakhchivan Autonomous Republic // Nakhchivan Institute of Teachers. Scientific 
works, 2021, No. 1, p. 194-198

Gasimov H.Z., Ibadullayeva S.C., Seyidov M.M., Shiraliyeva G.Sh. "Wild vegetable 
plants of flora of Nakhchivan Autonomous Republic" monograph. Nakhchivan, "Ajami" 
Publishing-Polygraphy Union-2018, 416 pages. 

562



Seyidov M.M, Ibadullayeva S.C., Gasimov H.Z., Salayeva Z.K. Flora vegetation of 
Shahbuz State Reserve. Nakhchivan: Acami, 2014, 524 p. 

Serebryakov I.G. Life forms of higher plants and their study. In the book: field 
geobotany, M.-L., 1964, vol. 3, 530 p. 

Shennikov A.P. Ecology of plants. Moscow: Sov. Science, 1951, 375 p. 

Yaroshenko P.D. Geobotany (main concepts, directions and methods). L.: Izd-vo AN 
SSSR, 1969, 200 p. 

Medicinal plants of Nakhchivanskoy Autonomnoy Respublika / under general 
-

https://www.plantarium.ru/page/pictures/item/14938.html 

http://www.catalogueoflife.org/annual-checklist/2019 

https://www.worldfloraonline.org 

https://az.wikipedia.org/wiki 

563



DETERMINATION OF THE INTERACTION BETWEEN PLANT-DERIVED 
CHLOROGENIC ACID AND HUMAN LYSOZYME ENZYME (1REX) BY 

MOLECULAR DOCKING METHOD 

https://orcid.org/0000-0001-5785-2376

: https://orcid.org/0000-0003-4427-3169

https://orcid.org/0000-0002-6079-4987

Safiye Elif KORCAN

https://orcid.org/ 0000-0001-7875-5516 

ABSTRACT

Considering the wide range of functions and pharmaceutical applications of lysozyme in 
recent years, studies on the interactions between natural small molecules and lysozyme are of 
great importance in elucidating their pharmacological activities. It has been shown that the 
antioxidant, anti-inflammatory and anti-apoptotic effects of chlorogenic acid, one of the 
natural molecules obtained from herbal extracts, in the gastrointestinal tract and liver depend 
on the reduction of oxidative stress. Thanks to molecular docking studies, information can be 
obtained about important parameters such as possible interactions of molecules with each 
other, binding energies, physicochemical properties and biological activities.

In this study, it was observed that there are Van der Waals, conventional hydrogen bonds and 
other interactions between the Native Human Lysozyme protein structure (PDB ID: 1REX) 
and chlorogenic acid. Eight van der Waals interactions were observed. It occurred between 
residues GLU35, ASN46, ASP53, ILE59, GLN58, TRP64, GLN104, ASP102. The fact that 
the binding energy is -7.4 indicates that the reaction is exothermic and that it binds voluntarily 
and without consuming energy in nature. 

We think that the data obtained will guide experimental studies in the future.

Keywords: Lysozyme, Chlorogenic acid, Molecular docking (Docking)
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antiaterojenik, antitrombotik, antimikrobiyal, antikarsinojenik 

aktiviteler tir (He Liu ve ark., 2021).   

-

-kafeoilkinik asit ve 5-

%76- -kafeoilkinik asit, insan beslenmesinde en 

bol bulunan izomerdir (La Rosa ve ark., 2023). 

klorojenik asitin (Wang ve ark., 2011).
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rdeki antioksidan, 

antiinflamatuar ve anti-

Moslehi ve ark., 2023; Gao ve ark., 2019) 

pikeatannol antioksidan aktivitelerinin lizozim veya tripsine 

lerdir (Liu ve ark., 2019). Muramidaz olarak da 

ve lenfatik dokul

 (Jing ve ark., 2016). Lizozim anti-inflamatuar, anti-viral, anti-

(Ali ve ark., 2021)

amino asitten

(Trp62,Trp  (He ve ark., 2021

rmakolojik 

Lizozim ile 

(Ghosh ve ark., 2008), prosiyanidin, pikeatannol ve oksiresveratrol (Liang ve ark., 2023;

Rezende ve ark., 2020)

(He Liu ve ark., 2021). 
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2.

PDB) temin 

1.

16H18O9 olan klorojenik asit (PubChem CID: 1794427

National Library of Medicine/National Center for 

Biotechnology Information

2
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Kloro

3.

-1REX etk

3.
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eri, protein-ligand kompleks 

-)
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4

-

Tablo 1. Klorojenik asit (PubChem CID: 1794427) ve 1R

Klorojenik 
Asit

Mod

1 -7.4 0.000 0.000
2 -7.4 2.203 3.296
3 -7.3 3.216 8.795
4 -7.1 2.092 3.697

1REX 5 -7.0 3.862 5.466
6 -7.0 1.778 2.271
7 -7.0 2.216 3.734
8 -6.9 2.627 4.843
9 -6.6 1.397 2.863

4.

-

-
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ABSTRACT

The aim of this study is to determine the demographic characteristics, problems related to 
production activities and solution suggestions of enterprises producing gherkins (pickled 
cucumber) in Afyonkarahisar province. From the data obtained from the farmer registration 

 the Turkish Statistical Institute (TUIK) and Afyonkarahisar 
Agriculture and Forestry Provincial and Internal Directorates in 2022, it was determined that 
production was carried out in 550 enterprises in a total area of 4 860.48 decares in the 
province. Since the lands where gherkin cultivation is made are fragmented and scattered, the 

results of the Simple Random Sampling method, the number of surveys was found to be 88 
and 10% spare survey was conducted and the analyzes were obtained from 88 producers by 
survey method. According to the research results, 92% of the producers are men and 8% are 
women, and the average age of the producers is 48,45. It was determined that 65.90% of the 
producers had primary school education and 95.50% were farmers. The average land asset 
was determined as 52.75 da. Producers generally plant gherkins (pickling cucumber) as the 
first, second or third crop. In the region, gherkins (pickled cucumber) are planted in rotation 
with barley, vetch, triticale, potatoes and poppy. It is also the first crop planted after fallow. 
The product is offered to the domestic and foreign markets. The manufacturer sells 96.17% of 
the product to companies and brokers. The most important problems of producers are high 
input prices and low product prices and marketing problems. Among the solution suggestions, 
establishing producer unions and making contracts with companies, providing adequate input 
support and informing producers about the support provided are important for sustainability in 
production. 

Key Words: Demographic Characteristics, Pickling Cucumber (Gherkin) Production, 
Producer Problems, Afyonkarahisar 

-
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The Food and Agriculture Organization Corporate Statistical Database (FAOSTAT) verilerine 
-

-
2022) 

Ekilen Alan 
(ha)

Verim 
(Ton/ha)

2012 2 115 921 70 839 104.15 33.48
2013 2 110 991 73 250 608.58 34.70
2014 2 139 223 76 136 207.00 35.59
2015 2 160 513 78 407 251.05 36.29
2016 2 198 268 80 866 789.18 36.79
2017 2 111 345 82 219 382.11 38.94
2018 2 128 731 84 974 109.18 34.92
2019 2 165 145 88 193 857.21 40.73
2020 2 153 402 90 745 183.85 42.14
2021 2 161 283 92 613 393.91 42.85
2022 2 174 347 94 718 396.55 43.56

Kaynak: FAOTAT, 2024 

(FAO, 2022) 

(Ton) ( %)
1 77 307 298.80 81.62
2 1 938 545.00 2.05
3 Rusya 1 635 903.13 1.73
4 Meksika 1 078 210.46 1.14
5 904 390.00 0.95
6 Ukrayna 825 590.00 0.87
7 769 970.00 0.81
8 ABD 595 630.00 0.63
9 Kazakistan 568 748.11 0.60
10 Japonya 548 600.00 0.58
11 8 545 511.05 9.02

94 718 396.55 100.00
Kaynak: FAO, 2024 

2013-
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(2013-2023) 
Ekilen Alan (da) Verim (kg/da)

2013 75 553 140 842 1 864.15
2014 75 005 144 041 1 920.42
2015 68 656 135 335 1 971.20
2016 67 362 134 784 2 000.89
2017 68 041 139 855 2 055.45
2018 67 731 146 538 2 163.53
2019 70 895 168 488 2 376.59
2020 77 357 207 898 2 687.51
2021 75 302 193 640 2 571.51
2022 94 370 248 022 2 628.19
2023 113 433 309 654 2 729.84

Kaynak:

%16.36 (18 557 

Ekilen 
Alan 
(da) (ton)

Verim
(kg/da)

-35 50 620 -35 124 651 -35 2 462.49
Afyonkarahisar-
3

18 557 Afyonkarahisar-
3

90 196 Afyonkarahisar-
3

4 860.48

Manisa-45 18 190 Manisa-45 36 078 Manisa-45 1 983.40
-10 8 350 -10 23 600 -10 2 826.35

Ankara-6 4 090 -64 5 243 -64 1 281.91
-64 3 710 Ankara-6 5 178 Ankara-6 1 395.69

-21 1 040 -21 3 760 -21 3 615.38
Karaman-70 1 000 Karaman-70 2 500 Karaman-70 2 500.00
Denizli-20 956 Denizli-20 2 114 Denizli-20 2 211.30

-19 691 -26 2 064 -26 2 986.98
Kaynak:
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Edilen 
Miktar 
(ton)

Edilen 

(bin $)

Edilen 
Miktar 
(ton)

(bin $)

Meksika 850 291 696 368 ABD 1 097 263 1188 366
669 501 958 443 Almanya 538 992 791 666

Hollanda 430 755 590 808 202 229 308 473
Kanada 227 743 442 184 Hollanda 102 905 119 189

174 141 47 443 Fransa 73 673 107 126
107 103 71 393 Polonya 79 435 104 135

Afganistan 95 690 17 171 61 951 74 672
Yunanistan 51 458 52 007

Cumhuriyeti
59 909 68 282

43 358 54 948 35 294 53 967
Romanya 39 677 24 091 Kanada 37 160 51 526

38 090 52 652 35 294 42 536
Almanya 37 467 25 961 Avusturya 30 836 42 536
ABD 35 919 49 353 Ukrayna 38 216 42 344
Honduras 22 964 8 785 Danimarka 25 083 42 109

260 901 256 833 668 664 448 904
3 085 058 3 348 440 3 073 319 3 486 004

Kaynak: TRADE MAP, 2024

Materyal 

Agriculture 

2022

  

raporlardan elde edilen verilerde ilde 
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Burada; 

S2 = standart sapma (39.16)

Verilerin analizinde uygulanan metot 

-

n

578



0-6 7-14 15-
49

n

15-49

erke
k

50-64 50-64

erkek

65

n

65

erke
k

Topla
m

Maksim
um 

12 27 90 97 24 32 5 12 299

Ortalam
a

0.05 0.12 0.35 0.36 0.64 0.63 0.77 0.77 3.69

% 1.36 3.25 9.48 9.76 17.34 17.07 20.87 20.8
7

100

- 0.06 0.26 0.36 0.32 0.47 - - 1.47

-

erin 

%
ul 58 65.9

Ortaokul 2 2.3
Lise 26 29.5

2 2.3
Toplam 88 100.0

-
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%
84 95.5
2 2.3
2 2.3

Toplam 88 100.0

zaman 1- -100 

Sulu alan Kuru alan

% %
1-50 da 70 79.5 44 50.0
51-100 da 16 18.2 34 38.6
101-150 da 2 2.3 7 8.0
151-200 da 0 0.0 1 1.1

0 0.0 2 2.3
Toplam 88 100.0 88 100.0
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(2021)

Sonraki 

1 Arpa 1
2 2
3 1

1
1

Arpa 

9 Tritikale 
(Y.ot)

6
1
2

Nadas 
Tritikale 

Afyon 
Merkez

1 Arpa 1
1 1 Arpa 
19 Nadas 19
2 Tritikale 2

Sinanpa 1 Tritikale 1
1 1

Sultanda 1 1
1 Tritikale 1

Dinar 1 1
2 Arpa 1

1
2 Nadas 2
2 Nadas 2
2 Tritikale 2 Nadas 
1 1 Arpa 
1 Nadas 1 Nadas 

Evciler 1 Nadas 1 Nadas 

r
2 Nadas 1

1
Hocalar 1 1

3 1
2

Patetes 

1 Nadas 1
1 Tritikale 1
1 Nadas 1
1 1

Bolvadin 1 Nadas 1

21 Nadas 21
2 2

TOPLA 88 88

olara

11). 
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Ekilen Alan ve Ekim 

1.
52

Toplam Alan (da) 379.41

(da)
7.30

Ekim- -Haziran
Temmuz-Ekim

2.
36

Toplam Alan (da) 410.95
alan 

(da)
11.41

Ekim- -Haziran
Temmuz-Ekim

iklim 

edilmektedir. 
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Uygulama % Uygulama %

Toprak Analizi 5 5.7 5.7

88 100
Haftada bir 

Bir

Bir
Ayda Bir

1
9
4

22
52

1.14
10.2
4.5

25.0
59.0

Toprak 
Dezenfeksiyonu

0 0 0 0 0

Yaprak Analizi 0 0 0 0 0

Toplam 93 88

84 95
73 83

58 66

54 61

49 55

36 41
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syoncular 

-dikim 

eleklerine getirerek numara

Hasat sezonu sonuna 

kabul edilmektedir. Piyasa fiy

duru

Evet

(%) (%)
88 100 0 0
88 100 0 0
45 51 43 49
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ABSTRACT

Introduction and Purpose: Essential oils are widely used in the fields of pharmacology, 
cosmetics, agricultural chemicals and food in general and aromatherapy and phytotherapy, in 
particular. Of the well-known essential oil-bearing plants, lavender (Lavandula angustifolia; 
Lamiaceae family) is a reputed and renowned medicinal and aromatic plant. The main 
essential oil composition of the plant is comprised of linalyl acetate, linalool, 1,8-cineole, 
camphor and endo-borneol, according to the former reports. In addition to the essential oil 
compounds, lavender is also rich in phenolic compounds, viz. hesperidin, vanillic acid, p-
coumaric acid, rutine and protocatechuic acid etc. Owing to the chemical components 
available, lavender exhibits a wide array of biological activities including antioxidant, anti-
inflammatory, anti-rheumatic, antimicrobial and sedative properties. Considering the 
importance of the plant, we had an attempt to extend the cultivation area of the lavender, 

conditions suitable for 
Mediterranean region plants. We wanted to make an economic contribution to the people of 
the region by transforming the lavender plant into high value-added agricultural products. In 
this regard, we cultivated lavender plants on the
campus. During blooming stage of the plants (approximately at the end of June, 2023), the 
lavender plants were harvested, shade-dried and hydro-distilled for their essential oils. 

Materials and Methods: For essential oil extraction, above-ground (aerial) parts (50 g) were 
subjected to hydro-distillation using a Clevenger apparatus for 2 h. The extracted essential 
oils were analyzed using GC-MS/MS. Concerning phenolic compounds, we extracted the 
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aerial parts using methanol-chloroform (1:1 v/v) solvent mixture and phenolic composition 
analysis was performed by LC-MS/MS.  

Results: According to the GC-MS/MS analysis; 26 compounds were identified. Those 
compounds were as follows: linalyl acetate (32.10%), linalool (27.26%), caryophyllene 
(5.47%) and trans- -ocimene (5.03%). In addition, we could be able to quantify 22 phenolic 
compounds using LC-

-
routine (1

Discussion and Conclusion: Lavender is rich in essential oil and phenolic content. The 
essential oils of the plant contribute to the country's economy by being transformed into high 
value-added products in many sectors such as the food industry, pharmacology and cosmetics.

Key Words: Lavender; therapeutic; sedative; essential oil; GC-MS/MS 

:

-sineol, kafur
ve endo-

-kumarik asit, rutin ve
protokatekuik asit vb. -
inflamatuar, anti-

) ile 

-

-distilasyona tabi tutuldu. Ekstrakte edilen 
- -

-

GC-
linalil asetat (%32,10), linalool (%27,26), karyofillen (%5,47) ve trans- -osimene (%5,03).
Ek olarak LC-

-kumarik asit (208,26
klindeydi.

Anahtar Kelimeler:
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INTRODUCTION

Medicinal plants are defined as plants with high medicinal value that have traditional (disease 

prevention and cure) and scientifically proven effects . Moreover, plants 

used for their pleasant scents are called aromatic plants (Erenler et al., 2015; Saha & Basak, 

2020). The plants contain a wide spectrum of secondary metabolites including terpenoids, 

phenolics and alkaloids. Of the terpenoids, essential oil (EO) compounds exhibit critical 

biological functions, which make them to be used in the food, pharmaceutical and cosmetic 

industries (Erenler et al., 2018). When we have a basic search on SCOPUS database (March 

5, 2024), we have recorded a- -

title-keywords. Such a large number of documents could clearly show the importance of 

essential oils. Among the well-known families of medicinal plants, the Lamiaceae is one of 

the largest families of aromatic plants. Among the genera of the family, Lavandula consists of 

39 species (Passalacqua et al., 2017), being distributed in the Mediterranean region. It is a 

shrub-shaped, perennial flowering plant that blooms in June and July .

Lavenders are rich in phenolic acids, flavonoids and coumarin. In the studies carried out; 

phenolic acids such as rosmarinic acid, caffeic acid, gallic acid, and chlorogenic acid, 

flavonoids such as isoquercitrin, rutine, hesperidin, catechin, apigenin have been reported to 

be the main components (Dobros et al., 2022; Marovska et al., 2023; Turrini et al., 2021). The 

main components of lavender EO have been reported to be linalool and linalyl acetate (Da 

Porto et al., 2009). Lavender EO is also used in traditional medicine as a carminative, diuretic, 

anti-epileptic, anti-rheumatic, sedative and analgesic for headaches and migraines 

(Hajhashemi et al., 2003). Lavender is known to have many positive effects in the field of 

cosmetics where it is most commonly used (Marovska et al., 2022). Lavender oil, creams, 

lotions and skin care products are the most important elements of the cosmetics industry. 

Thanks to the antioxidant and anti-inflammatory properties of lavender, it helps reduce skin 

irritations, moisturize, soothe and cleanse the skin (Grunebaum et al., 2011; 

Lertsatitthanakorn et al., 2014). Additionally, when applied to the skin, it eliminates acne and 

pimple-like problems (Wijana et al., 2019). 

For this purpose, lavender harvested in July; The essential oil was extracted with neo 
clevenger and the essential oil content was determined on the GC-MS/MS device. Lavender 
crude extract was obtained in methanol solvent and content analysis was performed on the 
LC-MS/MS device. Thus, the phytochemical content analysis of lavender was determined and 
its usability in the food, cosmetic and pharmaceutical industries was determined. 
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MATERIAL AND METHOD 

Plant 

Yurtseven Campus. The plants were harvested at the end of June. Aerial parts of the plant 

were shade-dried and then powdered for subsequent hydro-distillation. 

Obtaining essential oil and crude extract 

To obtain essential oils, 50 g of the dried and powdered aerial parts of the plant were weighed 
and transferred into a 1-liter volumetric flask. 600 mI of pure water was added and left to boil 
in the Neo Clevenger device for 2 hours. The essential oil obtained after 2 hours was placed in 

of plants were extracted in the methanol-chloroform (1:1 v/v) solvent system for 1 week. 
Then the solvent extract mixture was filtered and the solvent was evaporated in a rotary 
evaporator. The resulting extract was then stored at +4 degrees. 

LC-MS/MS Analysis 

We determined the phenolic contents and amounts of L. angustifolia methanol-chloroform 
extract by LC-MS/MS analysis as explained in our previously published article 

. 41 phenolic standards were used for analysis. 

GC-MS/MS Analysis 

EO composition of L. angustifolia was determined using GC-MS/MS, as explained in our 
former study .

RESULTS 

The phytochemical content of essential oil and crude extract obtained from L. angustifolia 
was determined according to GC-MS/MS and LC-MS/MS analysis. Accordingly, 26 
compounds were detected in the essential oil and 22 compounds in the crude extract. 
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Figure 1: GC-MS/MS analysis chromatogram of L. angustifolia 

According to GC-MS/MS analysis; 26 compounds were identified. Those compounds were as 
linalyl acetate (32.10%), linalool (27.26%), caryophyllene (5.47%) and trans- -ocimene 

-terpinyl acetate (4.67%) 4- -Famesene (4.15%) were
detected in the highest amount (Figure 1-Table 1).  In the study, essential oil content of L. 
angustifolia  was determined; linalyl acetate (47.56 %), linalool (28.06 %), lavandulyl acetate 

-terpineol (3.75 %) (Verma et al., 2010). In another study, linalool and linalyl
acetate were determined as 42.05% and 23.48%, respectively, in the EO content of L. 
angustifolia (Hassiotis et al., 2014). As a result, the main components of L. angustifolia 
essential oil content are linalool and linalyl acetate. 
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Table 1. Essential oil content analysis results 

No RT Compound Name
RI (NIST 

lib.) RI (calc.) %
1 10,47 -Pinene 929 930 0,57
2 11,08 Camphene 952 946 0,66
3 12,68 3-Octanone 986 982 0,38
4 12,88 -Myrcene 991 986 0,39
5 13,72 3-Carene 1011 1003 0,38

6 13,88
Acetic acid, hexyl 
ester 1011 1007 0,33

7 14,37 p-Cymene 1025 1019 0,67
8 14,56 Limonene 1030 1024 0,82
9 14,67 Eucalyptol 1032 1026 2,27
10 14,98 trans- -Ocimene 1037 1034 5,03
11 15,45 cis- -Ocimene 1038 1045 2,89
12 17,91 Linalool 1099 1095 27,26
13 18,40 1-Pentylallyl acetate 1111 1105 0,67
14 19,89 Camphor 1143 1140 0,77
15 20,88 endo-Borneol 1167 1162 2,59
16 21,42 4-Terpineol 1177 1173 4,40
17 21,83 Cryptone 1184 1181 0,36
18 22,03 -Terpineol 1190 1185 0,95
19 25,01 Linalyl acetate 1257 1253 32,10
20 26,30 Bornyl acetate 1284 1281 0,62
21 26,49 -Terpinyl acetate 1317 1285 4,67
22 32,00 Caryophyllene 1419 1415 5,47
23 33,42 -Famesene 1457 1452 4,15
24 35,60 -Cadinene 1513 1509 0,69
25 37,98 Caryophyllene oxide 1581 1580 0,57
26 39,78 tau-Cadinol 1640 1638 0,35

RT: Retention time, RI: Retention index 

Polyphenols are bioactive compounds known as phytochemical compounds and found in the 
structure of plants. It adds properties such as color, taste and aroma to plants (Elmastas et al., 
2016). Flavonoids, which constitute a large class of phenolics, have low molecular weight. 
They are widely found in plants and provide protection against radiation, pathogens and 
herbivores (Erenler et al., 2016). 
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Figure 2: LC-MS/MS analysis chromatogram of L. angustifolia 

Our LC-
-

exctract) were found to be in the 
highest amount (Figure 2-Table 2). Studies have reported that apigenin, catechin, caffeic acid, 
rutine, p-cumaric and rosmarinic acid are the main components (Alexa et al., 2018; Slighoua 
et al., 2022). Thus, it is similar to the results of the content analysis. 

Table 2. Phenolic content analysis results 
No Compound RT
1 Protocatechuic acid 6.03 127.40
2 Chlorogenic acid 7.31 1.17
3 Hydroxybenzaldeyde 7.76 3.66
4 Caffeic acid 7.89 64.24
5 Vanillic acid 7.87 336.15
6 Syringic acid 8.41 45.27
7 Vanillin 8.65 2.44
8 p-Coumaric acid 9.37 208.26
9 Salicylic acid 9.43 10.87
10 t-Ferulic acid 10.16 10.30
11 Sinapic acid 10.36 3.99
12 Scutellarin 10.81 25.09
13 Isoquercitrin 11.50 58.68
14 Protocatehuic ethyl ester 11.65 1.13
15 Rutin 11.46 132.28
16 Hesperidin 11.46 442.13
17 Fisetin 13.26 1.52
18 Quercetin 14.79 5.53
19 Naringenin 14.91 3.52
20 Hesperetin 15.80 2.34
21 Kaempferol 16.61 11.87
22 Diosgenin 23.42 3.72
RT: Retention time 
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ABSTRACT 
It is known that the Earth and mankind are affected by natural and anthropogenic factors from 
time to time. People’s world views and economic activity change and are updated. 
In this regard, society and people feel the need for new technologies. The demand for these 
technologies, especially manifests itself more prominently when there is a lack of land and 
irrigation water, which provides the society with food products. For this reason, all sutures, 
sugars, their sources, resources and quality change from year to year. 
Therefore, conducting new experiments for the continuation and improvement of scientific 
research works in the future remains an urgent problem.    
As always, there is a great need for irrigation water in Azerbaijan, which has been engaged in 
irrigated agriculture since ancient times. 
Conducted research and experiences of irrigation Systems Operation Departments show that 
for efficient use of water resources, the length of permanent irrigation canals per hectare 
should not exceed 20-30 m. This indicator is more than 40 cm across the country. In turn, the 
large number of irrigation canals leads to increased water losses, a decrease in the land use 
ratio and a worsening of the ameliorative condition of irrigated lands. This makes it difficult 
to supply the cultivated area with water and also causes swamping of the land areas around 
the canals. At this time, several environmental problems appear, the development of which in 
the future poses a threat not only to the protection of land and efficient use of water resources 
but also to environmental protection. 
Keywords: irrigation water, culverts, watercourses, irrigated agriculture, water resources, 
surface water resource, groundwater resources, unconventional waters, drainage networks. 

INTRODUCTION     
The increase in the world population, the expansion of irrigated land areas, increase in the 
need for water in the household, the proliferation of water-powered industries, energy and 
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other facilities have created the problem of water shortage problem. In many countries of the 
world today, there is an acute shortage of drinking water and irrigation water. In addition to 
using water efficiently and economically, searching for new water sources, finding them, and 
determining their usefulness pose some of the most pressing challenges for scientists and 
researchers. Especially in Azerbaijan, which has a hot climate, there has been a significant 
increase in demand for water, including irrigation water [1]. 
The Republic of Azerbaijan possesses nine agro-climatic zones, particularly suitable for 
diverse agricultural activities. Agricultural areas, predominantly reliant on irrigation, are 
mainly dependent on low rainfall, with the exception of the southeastern part of the country 
and areas near mountainous terrains. 
Most of the agricultural lands are located in arid, semi-arid climates and the average annual 
precipitation in these area is about 200-300 mm. The amount of evaporation, on the other 
hand is 5-6 times greater than precipitation. 
Azerbaijan’s surface water reserves amount to 27,8 km3. Approximately 10 km3 of this 
volume originates within the country’s territory, while 17,8 km3 forms outside of our country. 
In periods of draught, the combined reserve of all river waters is 23,2 billion m3, with 14,7 
billion m3 sourced from neighboring countries. From the current water balance, it is evident 
that water scarcity during the vegetation period amounts to approximately 0,5-9,2 km3 [2-4]. 

 
MATERIALS AND METHODS 
Results obtained from experiments conducted in both laboratory and field conditions during 
the research work have been thoroughly analyzed, preparing of detailed findings and practical 
recommendations. Research has utilized scientific works, archival materials, fund and 
statistical data published in this field, during the investigation period. 

 
RECULTS AND DİSCUSSİON  
In conditions of water scarcity, it is necessary to develop and implement a comprehensive 
system of measures in each region with specific soil-climate conditions to ensure the 
utilization of all irrigated areas in the agricultural cycle and achieve high yields from 
agricultural crops. This system of measures should be directed towards reducing the volume 
of water taken from water sources for irrigation purposes and achieving hinge productivity 
through more efficient and economical utilization [5]. 
Due to the multifaceted nature of the issues at hand, it is required to implement the following 
fundamental measures in a layered and interconnected manner: 
- changing the cropping structure by replacing crops with high water demand with those 
requiring less water in the agricultural system and developing new varieties that are drought-
resistant and have low water requirements; 
- the improvement of water usage methods in agriculture, including minimum water losses 
that occur in fields during irrigation; 
- selection and application of rational irrigation methods, technologies and modern irrigation 
techniques; 
- development of optimal irrigation regimes for agricultural crops and application in irrigation 
efficiency; 
- investigating the ways of efficiency and sustainability of utilizing non-conventional waters 
for irrigation purposes under conditions of water scarcity. 
Management and utilization of water resources under new condition demands a complete 
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change in approach. In the earlier times when there were collective and state farms, the 
primary objective was to achieve maximum yield from cultivated fields, regardless of the 
cost. In many cases, even regulations on water usage were violated, leading to the excessive 
application of water and fertilizers in the fields. Not tolerated on the deficiency, such as the 
minimal rise in crop yield when irrigation water exceeds a specified threshold. Moreover, its 
adverse effects were more pronounced. In other words, the levels of mineralized groundwater, 
descending as infiltration waters to lower layers, would approach the surface, causing 
salinization of soils. Various chemicals applied to fields would also contaminate other sources 
through drainage waters. One of the negative aspects of this was that the restoration of spoiled 
soil reserves to their initial condition, improving their quality, required a considerable 
additional expenditure. Therefore, to eliminate this undesirable situation, the principle of 
optimality in the “water-soil, crop” relationships should be considered. Only in this way can 
the efficient and economical management and utilization of water and soil reserves be 
discussed [6].  
To relatively reduce salinity and structural damage to soils, it is necessary to take into account 
the composition of irrigation water. For this purpose, it is important to determine the chemical 
pollutants, heavy metals, suspended substances, hard water, mineral content, cations and 
anions present in the composition of flowing waters in the first place. The following table 
shows the results of the analysis of heavy and harmful elements, cations and anions in the 
irrigation water (collector water). 

Table  
The results of the analysis of the chemical composition of the collector waters 

located in Mughan-Salyan area 
 
o/
n 

Name of collector  HCO


3  
Cl   SO 

 Ca 2
    Mg 2

 Na   
   Minerality, 

g/l 
Chemical 

composition 
(class)  

1 2 3 4 5 6 7 8 9 
1 MMMC,  at the intersec-

tion with the Aras river   
0,33 0,36 0,76 0,24 0,26 0,32 1,46 s-x-n-m 

2 MMMC,  the territory of 
Saatli region 

0,43 1,46 1,75 0,21 0,28 1,31 5,25 s-x-mg-n 

3 MMMC,  the territory of 
Sabirabad region 

0,39 4,12 3,95 0,46 0,39 3,78 13,09 s-x-n 

4 MMMC,  the territory of 
Salyan region 

0,37 1,87 2,27 0,28 0,24 1,79 6,82 s-x-n 

5 MMMC,  the territory of 
Neftchala region 

0,38 1,36 1,95 0,30 0,29 1,08 4,82 x-s-k-mg-n 

6 Mughan-Salyan water-
jumping, Sabirabad 

region 

0,36 1,06 1,59 0,35 0,27 0,87 4,86 x-s-k-mg-n 

7 Mughan-Salyan  water-
jumping, in near the sea  

0,36 1,35 2,05 0,52 0,32 1,53 6,13 x-s-k-mg-n 

8 Second Kuryan 0,38 1,45 1,07 0,41 0,30 0,81 4,42 x-s-k-mg-n 
9 Jafarkhan village 0,38 1,54 1,41 0,37 0,22 1,45 5,37 s-x-n 
10 Left bank 0,44 2,41 1,98 0,32 0,29 2,41 7,85 s-x-n 
11 Saatli (past Lenin) 0,38 1,88 1,71 0,36 0,25 0,63 6,21 s-x-n 
12 Right bank 0,38 1,85 2,85 0,38 0,31 2,35 8,15 s-x-n 
13 North Akusha 0,34 2,48 2,73 0,36 0,30 2,41 8,62 s-x-n 
14 Collector named Sabir 0,38 1,88 1,71 0,36 0,25 0,63 6,21 s-x-n 

 
NOTE: The letters s, x, k, mg, n written in the table represent SO4, Cl, Ca, Mg, Na 
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accordingly. 
 
The table data shows that the mineralization of water in the main Mil-Mughan collector 
(MMMC) is high only in the Sabirabad district (13,09 g/l). This indicator is 1,46 g/l at the 
confluence with the Aras River, in the Saatli region 5,25 g/l, in the Salyan region 6,82 g/l, in 
the Neftchala region 4,82 g/l [5]. 
In other collectors, the mineral content of water is not high; for example, in the 
Mughan-Salyan water collector, this figure ranges from 4,86 to 6,13 mg/l, in the second 
Kuryan collector, it is 4,42 mg/l, in the Jafarkhan collector it is 5,37 mg/l, in the Sabir 
collector, it is 6,21 mg/l, in Saatli, it is 8,15 mg/l and in the Northern Akusha 
collector, it is 7,53 mg/l.  
Analyzing the results obtained, there is a general opinion that the second Kuryan, 
the mineralization of which varies from 4,42 g/l to 5,37 g/l, in the section of the 
Mughan-Salyan water collector in the Sabirabad region, in the MMMC section in the 
Neftchala region, Jafarkhan and MMMC -in the part where it intersects with the 
Aras River, collector water can be used directly for irrigating agricultural plants  
without mixing fresh water [5]. 
In a number of foreign countries, when developing irrigation regimes and 
agrotechnical measures in regions with limited water resources, they believe that the 
main goal is not to achieve maximum yield by carrying out a large number of 
irrigations, but to achieve maximum efficiency from 1 m3 of water used. This can be 
achieved by reducing the number of watering. At the same time, the productivity of 
agricultural plants is 85-95 % of maximum productivity [7]. 
In the agricultural irrigation sector of the Republic, the main source of water for 
irrigation is considered to be surface water. The volume of surface water resources 
is 27,8 km3. About 10 km3 of this volume is formed on the territory of the republic 
and 17,8 km3-outside our country. The period of dry years accounts for 23,2 billion 
m3 of all river water reserves of which 14,7 billion m3 cares from neighboring 
countries [8].   

  From the available water balance data, it is known that the water deficit during the 
growing season is approximately 0,5-9,2 km3. Groundwater plays an important role 
in the information of the water balance of Azerbaijan. 
 As is known, groundwater is created (exists) in two forms: pressure (artesian) and 
non-pressure (sump artesian) water. Reason for formation of these waters are the 
same. Thus, groundwater is atmospheric deposits in mountainous areas, atmospheric 
deposits in foothills, infiltration of river waters, condensation of water vapor: and in 
flat areas it is formed due to atmospheric deposits , infiltration (filtration) of water 
from canals, reservoirs and other hydraulic structures  [1,9]. The formation and 
quality changes of groundwater in lowland areas are also affected by evaporation 
from groundwater and mountain rock surfaces. 
Due to the influence of human economic activities, the storage and composition of 
groundwater change over a long period of time. 
It should be noted that the reserves and quality of artesian waters, unlike collector-
drainage waters, do not undergo seasonal changes, therefore they are used in the 
national economy.  
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Scientists divide such water (groundwater) into two parts: static and dynamic water 
resources. Static water resources are considered inviolable and their use is strictly 
prohibited. Dynamic water resources are called operational resources and are 
allowed for use both in domestic and municipal services, as well as in industry and 
agriculture, provided that the permitted limit is not exceeded [8].   
It should be noted that in the mountain and foothill zones the level of groundwater 
mineralization is low and the quality is high. However, the level of mineralization 
of groundwater in lowland zones is high and the qualitative composition is complex.  
Observations show that agricultural plants prepared in high-yield trial plots show 
unexpected results under production conditions in these biology-optimal irrigation 
regimes. The lack of water for irrigation also forces many form enterprises, due to 
various organizational and infrastructural reasons, to significantly reduc e the 
amount of irrigation or not to provide the required fields with the required amount 
of irrigation water. However, an independent reduction in the amount and/or rate of 
irrigation is unfounded and is accompanied by severe drying of the soil and loss of 
yield [1,9].   
Elimination of these negative situations draws attention to the scientific basis of 
irrigation of agricultural plants based on reduced irrigation norms.  
Simultaneously, with global warming on the rise and growing need for water 
resources worldwide, it becomes imperative to maximize efficiency rather than 
seeking optimal output from every hectare of irrigated farmland to enhance food 
production. This involves maximizing the effectiveness derived from each cubic 
meter of utilized irrigation water. Studies show that the use of a normal irrigation 
regime with a reduction or reduction in the number of irrigations due to water 
shortages can minimize the overall crop deficit in crop areas irrigated from a single 
source [7,10-12].   
In dry and severe drought years, crops are almost entirely dependent on irrigation. 
In the operation of irrigation systems, studies must be carried out to ensure 
maximum efficient use of every 1 m3 of water in years when irrigation water is 
scarce [13]. Accordingly, different irrigation regimes are applied irrigation practices 
during water scarcity: 
- irrigation of all irrigated areas with the same reduced standards; 
- irrigation of all irrigated areas with reduced standards differentiated according to 
plants; 
- irrigating some of the irrigated areas (priority plants) with biological optimal 
standards, while the other part is irrigated with reduced standards or not irrigated in 
general.               
Despite the use of the same water resources, the final result (product, n et income) in 
each of these approaches is different. Therefore, the rules regarding the limitation of 
irrigation water supplied to agricultural plants water scarcity must meet the 
requirements of minimum productivity reduction and harm to forms owing to 
insufficient water supply. 
Considering this into account, the report established the average irrigation rates for 
vegetation, differentiated by plant irrigation regimes depending on the area of 
planted agricultural plants in each region [14]. 
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In terms of efficient utilization of water reserves, another approach to providing 
crop yield in agricultural plants is irrigation with reduced standards. At this time, it 
is possible to save approximately 35 % of irrigation water in return for a certain 
yield loss (10 %) in agricultural plants. In order to determine the additional product 
that can be obtained when all agrotechnical measures are expected during the use of 
saved irrigation water, the revenue acquired from 1 ha of agricultural crops is 
established.   
Research shows that, in a biologically optimal irrigation regime, conserving a 
specific volume of water, even at the cost of a 10 % reduction in crop yield, is not 
only environmentally beneficial in forms of efficient use of irrigation water but also 
economically favorable. So, in a reduced irrigation system, the economic 
effectiveness is important higher, by about 36 %, compared to a biologically optimal 
irrigation system. Moreover, engaging non-irrigated lands in crop rotation positively 
impacts their ecological state and boosts the production of overall goods, a critical 
factor for the Republics economy. 
A drainage network system has been established to regulate groundwater regimes in 
the irrigated lands of the Republic.  
Currently, a drainage network has been constructed on 600 thousand hectares to 
land. Additionally, there are significant drainage issues, especially in the Kur-Aras 
lowland, covering 760 thousand hectares. 
Years of scientific and industrial experience demonstrate that amelioration system 
constructed in both drying melioration and irrigation melioration in the improved 
areas regulate the water regime in drying and the water-salt regime in irrigation. 
Especially in dry years, moisture deficiency is noticeable, leading to a decline in 
agricultural crop yields. Even in cases where mineralized groundwater is scarce, 
only surface irrigation is used in irrigation improvement. The principles of one -
sided action of drainage systems do not al low the use of natural underground water 
resources for irrigation [15].  
The drawback of one-sided action systems lies in the fact that the groundwater level 
and soil moisture always change depending on conditions, but the parameters of the 
system (laying depth, distance between drain) remain unchanged.   
Therefore, establishing dual-impact systems is essential to hydrate the soils plant-
growing stratum by controlling the flow. Over the past 40-45 years, significant, 
work has been done in this field [16-18].  
The sub-irrigation method based on bilateral impact is widely employed in the 
melioration practices of already moistened soils in developed European countries 
such as the Netherlands, Belgium, Finland [17]. 
Entering the capillary plow layer of the soil significantly reduces the number of 
surface irrigations during the vegetation period and completely deny surface waters.  
The regulation of the depth of groundwater must be in such a way as to correspond 
to the moisture needs of the plant in the root layer, adapting to each phase of its 
development. 
Experience show that in medium clay soils, when the groundwater level is kept a 
depth of 0,5-0,75 m from the surface of the earth, high crop yields can be obtained. 
In light soils this level should be 0,45-0,60 m [18]. 
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Drainage systems that allow efficient use of water resources, protect the soil from 
an environmental point of view and improve the amelioration properties of the soil 
can also be implemented using drainage intensification methods. In modern 
agricultural conditions, the implementation of measures for managing wate r and soil 
relationships in a structured and interconnected manner is required.  
New conditions require a change in attitude towards the management and use of 
water resources. In this case, the principle of optimality in the “water -soil-crop” 
relationship is required. 
 

CONCLUSION  
Thus, from the analysis of materials from laboratory and field research work, we can 
conclude that existing methodologies and applied technologies do not fully fane into 
account new economic and social conditions and all the changes that occur over a 
long period of operation of irrigation systems. 
Insufficient information about the processes occurring in natural agroclimatic 
systems leads to poor irrigation results and negative environmental consequences. 
Irrigation for a long time affects the agroclimatic characteristics of the area and the 
amelioration state of the land. Therefore, in modern conditions, a more accurate 
determination of the irrigation needs of plants and optimization of water use requir e 
an integrated approach that takes into account all natural, technical, economic and 
environmental conditions in advance. 
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In the article, the economic efficiency, economic indicators and perspectives of use of some 
promising apple varieties and forms cultivated in the territory of the Nakhchivan Autonomous 
Republic are given. Productivity per hectare of the varieties and forms mentioned here, 
product sales prices, cost value, net income, total income, profitability are calculated 
separately for each variety and form and are given in a special table, and the ways of using 
those varieties and forms are investigated, what are the purposes and what products of each 
variety In addition, farmers and individual farms were advised to use those varieties and 
forms in the future planting of new apple orchards consisting of the indicated promising 
varieties and forms, so that they should carefully consider which variety to plant in which area 
so that a high yield can be obtained from those areas in the future. 

Key words: Sopt, form, pomology, gene pool, collection, disease, pest, umbrella, stamp, 
diameter. 

In the Autonomous Republic of Nakhchivan, fruit growing has been of industrial importance 
since ancient times, having a special importance among agricultural fields. The apple plant is 
in the first place among the fruit trees cultivated in all zones of the territory of the autonomous 
republic, making up 30-35% of the existing orchards (1,2).  
As a result of our researches, many local and introduced varieties and forms of the apple plant 
growing at different times in different zones of the Nakhchivan Autonomous Republic were 
discovered, many of which are very valuable from the point of view of selection, and their use 
in the canning industry has been studied 
Studying the distribution zones of apple varieties in the territory of the Nakhchivan 
Autonomous Republic, which is considered one of the main fruit-growing regions of the 
Republic of Azerbaijan, researching the directions of application of the varieties and forms 
discovered due to their superior characteristics, and collecting those varieties and forms in the 
"Gene Fund-Collection Garden" and studying their agro-biological characteristics are 
important aspects of the research. problems. By going on expeditions to all regions of the 
autonomous republic, the distribution zones of apple varieties and forms were discovered, 
their names and synonyms were recorded and studied. For the first time, it was determined 
that there are more than 115 varieties and forms of apples that differ according to their 
pomological characteristics in the territory of the autonomous republic (5; 4; 6). More than 50 
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of those varieties and forms were collected in the "Gene Fund-Collection Garden" of the 
Botanical Garden of the Institute of Bioresources, about 300 trees, and their agro-biological 
characteristics were studied. Collection of varieties and forms suitable for the soil and climate 
conditions of the Republic, promising, high-yielding, resistant to diseases and pests, frost, 
especially return frosts in spring, in the Genofond-Collection garden, planting and selection of 
new intensive-type orchards from these varieties in the future on farms or private farms their 
wide use as starting material is appropriate for the purpose. 
Our goal was to study the economic efficiency of promising apple varieties and forms adapted 
to soil and climate conditions, to know their application directions, to recommend farmers and 
individual farms to expand the planting area of selected varieties. 

MATERIALS AND METHODOLOGY 
The main material of the research was taken from more than 50 local and introduced varieties 
and forms planted in the "Gene Fund-Collection garden" of the Botanical Garden of the 
Institute of Bioresources, as well as promising varieties and forms cultivated in some regions, 
and by conducting phenological observations on them, agro-biological characteristics and 
economic efficiency and is the study of application areas. 
Hasanov ZM. Fruit growing (Laboratory practice) 1977 (3); methodology of I.V. Michurin 
Institute for the study of phenological phases and agro-biological characteristics of varieties, 
1973 (6); Beideman I.N. "Methodology of studying phenological plants and plant messages". 
Novosibirsk, 1974 (7); "Program and methodology of introduction and sorting of fruit 
cultures". Chisinau, 1972 (9) etc. programs and methods were used. 
Conclusions and discussions: As a result of the expeditions, it was determined by us that 
apple varieties and forms are mainly cultivated in Ordubad, Julfa, Babek, Shahbuz, Kangarli, 
Sharur and a small part of Sadarak regions, and a small part of them are cultivated in the 
Daglig, Dagetei and Duzan zones of the autonomous republic. Since 2005, the collection of 
apple varieties and forms cultivated in all zones of the Nakhchivan Autonomous Republic has 
been started in the "Genofond-Collection Garden", the introduction of new varieties, and the 
study of the economic and agro-biological characteristics of the varieties. It was 
recommended to farmers and private farms to select the economically valuable varieties and 
forms and use those varieties and forms in the establishment of new orchards. In order to 
enrich the gene pool of cultivated apple varieties and forms in the territory of the autonomous 
republic, 3 varieties from the Islamic Republic of Iran (Red and White Maragan, Iranian white 
apple varieties), variety and 10 varieties were added to the gene pool brought from the 
Scientific Research Institute of Horticulture and Tea Cultivation of Guba region. has been 
done. Apple varieties and forms cultivated in the territory of the autonomous republic were 
also evaluated according to their ripening periods. They are explained below. 
Summer varieties and forms: Yayliq apple, Shada apple, Ordubad Beauty, Qirmizi Mushki, 
Qirbi Shirin, Kepek apple, Pambigi, Dolma apple, Rajabi, Fahima, White apple, Kol apple, 
Papirovka, Borovinka, Qravsteyn, Rashad apple, Shirvan Muski, Gem apple, Majlisi 
Autumn varieties and forms: Autumn apple also called Narinji, Zolaqli apple, Stekan apple, 
Girda Qirmizi, Cennet apple, Heyva apple, Qizil Parmen, Shirvan Taci, Antonovka Anish, 
Aport, Yellow Belflor, Red Belflor, Gelin apple, Haji Husein, Vahab apple, Soba apple, 
Shakh apple, Ganza apple, Guleman apple, Sari-sinab, Gandil-sinab, McIntosh
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Winter varieties and forms: Qirmizi Tabak apple, Cir Haji, Sari-Tursh, Qish Qizili, Ag 
Rozmarin, Banana sort, Zolqali Anish, Adi Antonovka, Kagiz Reneti also called Toz apple, 
Logazbeyi, Mazra, Dash apple, Teker apple also called Champaghne Renet, London Pepin, 
Canada Renet 
Newly discovered forms: Zeynaddin-1, Shikhmahmud-3, Izmir 6/1, Guney Gishlaq-1, 
Badamli-5, Ordubad-4, Unus-1, Kuku-3, Nakhchivan-5, Guney Gishlaq-4, Badamli-2, 
Milakh-3, Ordubad-5, Kalaki-6, Shahbuz-2, etc. 
During the years 2005-2010, the phenological phases of most of those varieties were 
monitored and agro-biological characteristics were studied, the market economy and ways of 
use were studied taking into account the diameter, shape, color and taste of each fruit. The 
high quality and value of each fruit depends on the comprehensive assessment of economic 
indicators. The economic indicators of the variety can be considered favorable only if it is 
economically efficient. In addition to the economic efficiency of the investigated apple 
varieties, their application-oriented use was determined and revealed. So, the ways of using 
these varieties and forms in the industry are determined separately for each variety and form.
Among these varieties, the Yayliq apple, Papirovka, Rashad apple, Rajabi, White apple 
varieties are eaten fresh and are indispensable raw materials for apple vinegar. Blue apple, 
Powder apple, Antonovka, Adi antonovka, Teker apple, Mehdi crab, Stone apple, Abi jahat, 
Mazra, Maragan varieties for apple juice production. For jam production, Cennet apple, Shada 
apple, Rashad apple, Yaylik apple varieties and Apple povidla are used for making Gandil-
sinab, Seyid shukri, Narynci, Banana sortes, Glass apple, Cibir, Shixicani, Ayyubi, Boyken, 
and among the newly discovered forms, Guney Gishlaq. -4, Kalaki-1, Milax-3, Kuku-3 forms 
are irreplaceable raw materials. 

Table 1. 
Economic efficiency of apple varieties cultivated in the territory of Nakhchivan 
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Summer varieties
white apple (Cont) 94,93 1098,

46
5,9 15,3 2252,

43
1153,
97

106 100

Ordybad beauty 173,1
6

1428,
17

6,1 19,5 3376,
62

1948,
45

136 128

Qirmizi mushki 147,3
5

1943,
15

9,2 24,2 3965,
87

2022,
72

104 108

Shada  apple 143,2
6

1417,
45

7,3 24,0 3638,
24

2220,
79

156 145

Qirbi shirin 134,0
4

1324,
33

6,9 22,6 3229,
30

1904,
97

143 120

Autumn varieties

607



Heyva apple 145,8
8

1727,
44

10,2 24,6 3688,
64

1961,
2

113 100

Stekan apple 167,3
4

1607,
64

5,5 29,3 4603,
10

2995,
46

186 139

Yellow Belflor 139,0
3

1264,
05

8,8 21,0 2919,
63

1655,
58

130 100

Girda Qirmizi 147,3
5

1159,
04

5,7 20,6 3035,
41

1876,
37

161 149

Haji Husein 175,6
6

2010,
55

6,1 30,3 5322,
50

3311,
95

164 135

Gandil-Sinab 144,0
3

1403,
02

9,5 25,8 3715,
97

2312,
95

164 121

Anish 179,8
2

1042,
56

7,8 16,2 2913,
12

1870,
56

179 152

Winter varieties
Stone apple 145,6

9
1335,
40

10,8 25,9 3873,
37

2537,
90

190 100

Said Shkuri 153,8
1

2132,
86

9,6 27,6 4245,
16

2112,
3

99 83

Toz apple 173,1
6

2072,
52

7,5 25,5 4415,
58

2343,
06

113 102

Blue apple 
(Simirenko)

175,6
6

2130,
8

7,6 25,4 4461,
76

2530,
96

118 108

Qirmizi tabak apple 187,3
2

1910,
58

9,1 30,1 5638,
33

3727,
75

195 166

191,4
7

1592,
86

8,7 25,4 4863,
34

3270,
48

205 136

Teker apple (also 
called Champaghne)

238,0
9

2253,
50

8,1 21,8 5190,
36

2936,
86

130 113

Abi cahat 182,3
4

1655,
05

9,2 30,2 5506,
67

3851,
62

232 164

Logazbeyi 161,5
0

1436,
69

7,4 30,3 4893,
45

3456,
70

240 235

Ag rozmarin 144,0
2

1832,
27

7,9 28,8 4147,
78

2315,
51

126 107

Rejected forms of new love
Guney- -1 134,

03
1435,
00

7,8 25,7 3444,
57

2009,
57

140 124

Ordubad-4 159,
00

1961,
49

7,7 20,8 3307,
2

3337,
10

168 146

Kuku-3 133,
20

1376,
32

7,4 22,9 3550,
28

2173,
96

157 132

Milakh-3 160,
67

1576,
24

6,8 24,3 3904,
28

2328,
04

148 128

Unus-1 85,2
8

1046,
21

7,0 25,8 2200,
22

1154,
05

110 104

The study of apple varieties cultivated in the territory of the Nakhchivan Autonomous 
Republic allowed us to find out that many of them are superior to the standard varieties. 
Productivity, profitability, profit and use of the mentioned varieties were superior to standard 
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varieties. The average productivity, selling price, cost value of those varieties in 4 years, in a 
word, their economic efficiency is clearly shown in the table below. 
In contrast, White apple from standard varieties - 94.93 s/ha; Quince apple - 145.88 s/ha and 
Stone apple - 145.69 s/ha yielded. Some varieties and forms of apples cultivated in the 
territory of the autonomous republic 
Due to the high yield, the price of 1 centner of crop is Ordubad beautiful from summer 
varieties, 10.4 manats, Qirbi sweet 9.2 manats, Zolagi apple from autumn varieties 5.5 
manats; A glass of apple 5.7 manats, Anise 9.5 manats; Bride's apple 7.8 manats, from winter 
varieties Red plate apple 9.6 manats, White rosemary 7.5 manats, Powdered apple 7.6 manats, 
Blue apple 9.1 manats; Horn apple 8.7 manats; Belfler 10.2 manats; was. At that time, the 
standard varieties were White apple 5.9 manat, Quince apple 10.2 manat and Stone apple 10.8 
manat, which is much more than the studied varieties. The selling price of the product for 
each variety was 15.3-30.4 manats respectively. 
The yield per hectare of some varieties and forms of apples cultivated in the territory of the 
autonomous republic is given below. 
One of the main indicators of economic efficiency is net income and profitability per hectare. 
Economic analysis shows that the yield and profitability of varieties are different. The net 
income from each hectare of the studied varieties is as follows: Ordubad beauty from summer 
varieties 1948.45 mans; Red musk 2022.72 mans; Shada apples 2022.79 mans; Qirbi Shirin 
1904.97 mans; Glass apples from autumn varieties 2995.46 mans; Girda red 1876.37 mans; 
Haji Hussein 3311.95 mans; Qandil-sinab 2312.95 mans; Anise 1870.56 manas; Yellow bells 
1655, 58 mans; Red plate apples from winter varieties 3727.75 mans; Winter gold 3270.48; 
Blue apple 2530.96 manas; Apple powder 2343.06 mans; Tire purchase 2936.86 manas; Abi 
jahat 3851.62 mans; Logazbey 3456.70 mans; Seyyed Shukri 2112.3 mans; White rosemary 
2315.51 mans; Among the newly d -1 2009.57 man; Ordubad-4 
3337.10 manas; Milakh-3 2173.96 manas; Kuku-3 was 2328.04 manats and Unus-1 was 
1154.05 manats. 
Profitability in these varieties varied between 99-240%. The net income per hectare for 
standard varieties White apple, Quince apple and Stone apple was 1153.97, 1961.2 and 
2537.90 AZN, respectively, the profitability of summer variety White apple 106%, autumn 
variety Quince apple 113% and winter variety It was 190% in stone apple. The Seyid Shukri 
variety did not show good results and was good according to all economic indicators, but 
lower than all varieties according to profitability. 
Among the mentioned varieties, short ones (bush apple, Yellow-sinab, Striped apple), high 
umbrella varieties (Stone apple, O -4, 
Ordubad-4, Milax- - Considering that 3 forms) are economically effective, broad 
consideration should be given to the planting of these varieties in the territory of the 
autonomous republic both in private farms and in newly planted gardens. Because these 
varieties adapted to soil and climate conditions are also resistant to diseases and pests. 
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Anahtar kelimeler

In the article, the economic efficiency, economic indicators and perspectives of use of some 
promising apple varieties and forms cultivated in the territory of the Nakhchivan Autonomous 
Republic are given. Productivity per hectare of the varieties and forms mentioned here, 
product sales prices, cost value, net income, total income, profitability are calculated 
separately for each variety and form and are given in a special table, and the ways of using 
those varieties and forms are investigated, what are the purposes and what products of each 
variety In addition, farmers and individual farms were advised to use those varieties and 
forms in the future planting of new apple orchards consisting of the indicated promising 
varieties and forms, so that they should pay attention to which variety should be planted in 
which area so that a high yield can be obtained from those areas in the future. 

Kew words: variety, form, pomology, genfund, collection, disease, pest, umbrella, stamp, 
diameter, height. 
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ABSTRACT 

It is essential and need of the current situation to provide basic resources of food and clothes 
to the increasing population not only in our country but also the world which is a very big 
challenge. According to the principles of   Food and Agriculture Organization of the United 
Nations (FAO) to maintain sustainability, building an ecofriendly production system to 
produce the basic resources, raise the economic development and to satisfy the human needs. 
Generally, Water and other resources are considerably saved, emission of gases are identified 
earlier and usage of fertilizers are measured by introducing intelligent production systems. 
This review paper shows the importance of growing micro algae at various level to promote 
sustainable agriculture.       

Keywords: Micro algae, Sustainable agriculture, cultivation, CO2   and production system 

INTRODUCTION 

Micro algae are unicellular species found in freshwater as well as marine water with no stems, 
roots and leaves. The life of the earth purely depends on photosynthesis, which produce 
nearly half of the oxygen and use greenhouse gas to grow photo autotrophically. Algae has 
different shapes and sizes. Normally its size from one micron to 100-foot giant kelp. 

Types of Micro algae 

Algae fall into two broad classifications. They are micro algae and macro algae. Micro algae 
grow from a single cell and grow quickly. Chlorella and Spirulina are the best examples of 
algae. Chlorella is found in Taiwan and Japan while spirulina is found in Africa and Asia. 
Since algae contain vitamins and minerals, it is used to boost our immune system naturally. 
Hence, both Chlorella and Spirulina are considered as food supplement. 

Health benefits of algae 
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The blue green algae are considered as super food. The main reasons are as follows: 

It is rich in vitamins A, C, E and the B-complex including vitamin B12 and B6.
It is rich in natural minerals like calcium, magnesium and iron.
It is rich in Protein and contains essential amino acids.
It plays a major role in skin care routine

o Blue green algae extract  Since it consists of antioxidant pigments rich and more
vibrant in color, it will act as an anti-aging component.
o Brown algae extract  Due to its water holding capacity, it makes our skin supple and
wrinkle free.
o Red algae extract  Contains vitamins and minerals as well as rich in antioxidant
pigments that protects the skin and delays aging.

Uses of Blue green Algae 

Blue green algae can be used to prevent or treat most prevailing lifestyle diseases such as 
diabetes, cancer etc. This alga can be used in improving health of vital organs of human body 
such as brain, heart, kidney, liver and lungs. The following lifestyle diseases or health 
conditions can be treated with the blue green algae. 

-

- -
-

-

Cultivation system 

The second Green Revolution will be based on the Algae which is going to face the shortfalls 
of food and feed demands raised due to the increasing level of population. Generally, they are 
open raceway ponds and closed Photobioreactor are the two common methods used for 
cultivating the algae. Fig -1 shows the sample open pond and closed bioreactor. The closed 
system is a photo-bioreactor with a controlled environment. In open pond system, a large 
pond is constructed and the photosynthesis can be done naturally to feed the algae. In the 
pond an engine is used to constantly churn water to expose the algae to sunlight. Fig:1 shows 
the open pond system and Fig:2 shows the closed pond system ie., photo bioreactor. Spirulina 
is available in the form of culture, powder, tablet and capsules.

612



Advantages of Algae production:

The benefits of producing algae is listed as follows:

Per unit area, microalgae produce more than 10 to 20 times higher biomass than other 
crops.

Microalgae used to reduce green-house emissions.

Microalgae can grow in ocean, sea water, fresh water or waste water 

                                           Fig.1 Open Pond 

             Fig.2(a)  Photobioreactor- top view                     Fig.2(b). Photobioreactor  Full view 
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Microalgae absorbs carbon di oxide and provide oxygen which is helpful to protect
ozone layer

Microalgae biomass can be used as food, feed or fuel.

Micro algae can grow rapidly by using waste water in industries

It helps to face the challenges of global warming.

The enormously growing demands of food to eradicate hunger, the only possibility is
second Green Revolution micro algae production and cultivation.

MATERIALS AND METHODS 

This work mainly focusing on the possibilities of sustainable agriculture through algae 
cultivation. We discussed about the various aspects of sustainable agriculture in detail. 

Sustainable agriculture 

According to Food and Agriculture Organization of the United Nations, by 2050 agriculture 
need to produce nearly 60% more production with the same space to face the global food 
demand. High levels of hunger, malnutrition and food safety are the key challenges which 
will be eradicated only through developing and implementing new systems and technologies 
in agriculture. 

Sustainable agriculture is the need of the current situation which must nurture not only the 
ecofriendly environment but also effective utilization of land, water and other natural 
resources to manage the production of food to meet the global demands as well as to ensure
the food security. 

Microalgae as sustainable agriculture 

Sustainable agriculture can be achieved by integrating the following: 

Healthy environment,
Economic profitability and
Social and Economic Equity.

The persons who are all involved in the agriculture and food development process such as 
Growers, Food processors, Distributors, Retailers, Consumers and Waste managers played a 
major role to ensure sustainability in agriculture. Since the bioactive compounds derived from 
algae such as lipids, proteins, carbohydrates, carotenoids and vitamins will be useful to 
develop sustainable products. The production of micro algae itself comes under sustainable 
agriculture.

Healthy environment

Production of microalgae grows rapidly. There is no need of freshwater, fertile land and 
pesticide to grow algae like other crops.[3]. Algae can be cultivated even in waste water and 
in effluent treatment plants to be a part of bioremediation. [4,5]. Algae can also reduce the 
atmospheric carbon di oxide through photosynthesis which leads to reduce the effluent waste 
during the process of cultivation. The absorption of Carbon-di-oxide in algae is nearly 
doubled with the normal absorption in forest.ie., In one Hectare Forest can absorb 30 metric 
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tons of Carbon di oxide whereas algae can absorb 60 tons per day itself. Hence, algae 
production will generate eco-friendly environment.

Economic Profitability 

Micro algae production is the highly profitable business when compared with other crops in 
agriculture. The Table :1 shows the comparison of microalgae with other crops taken from  
https://ourworldindata.org/grapher/oil-yield-by-crop?tab=table. From the table we can easily 
understand the significant of algae.  

Table 1: Comparison of microalgae with other crops

However, the production of microalgae is being done throughout the year where as other 
crops are seasonal. It does not require arable land for production less water is sufficient to 
produce algae. Microalgae played a major role in food, feed and fertilizer still the research is 
going on to produce bio plastic from micro algae to replace the usage of plastic and to 
eradicate plastic entirely and save the environment by building the ecofriendly products.

Social and economic equality

Every person involved in the good system such as Cultivator, processors, distributors and 
retailers play a role in ensuring a SA. Production of micro algae used to give job opportunity 
almost through out the year when compare with other crops used to produce only seasonal 
jobs. Since the production takes place throughout the year, the cultivators used to get income 
throughout the year. Algae gives by taking carbon dioxide from the environment, it emits 
oxygen so that it helps to produce eco-
no waste is the motto of sustainable agriculture.
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Sustainable Development Goals-SDG

In 2015, the United Nations created 17 world development goals called the Sustainable 
Development Goals (SDGs). with the aim of "peace  people and the 
planet.

Micro algae contribute to all the 17 SDGs, where they directly contribute to 9th of the SDGs 
and indirectly contribute to the rest.

2.4 Sustainable practices in Blue-green algae cultivation

The Blue green algae can be cultivated using any water including waste water viz.,
utilizing waste heat and CO2 from power plants or treated wastewater.

If cultivated in open system, blue-green algae use carbon dioxide and nitrogen from
atmosphere hence helps in reducing greenhouse gases.

Fig:3 Sustainable development goals

The cultivation of blue green algae is not seasonal; hence the production can be
throughout the year.

The year around production of this algae can help in diminishing malnourishment as it
can be used prominently as a food.

For eg: Spirulina is available in the form of culture, powder, 
tablet and capsules.

Role of Microalgae production in Integrated Farming System

Microalgae production is also considered as an integrated farming system for reaching the 
sustainable agriculture. For algae production we need
o Water as main resource,
o Sunlight for photosynthesis and
o Atmospheric air for carbon and nitrogen
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Integrated farming system is a sustainable agricultural system that integrates micro algae, 
livestack, crop production, fish, poultry, crops and other systems. The main concept of this 

   Fig:4 Workflow of  micro algae cultivation 

Integrated farming system used to maximize the utilization of nutrients in each subsystem. 
The components could be chosen based on the available land, water, capital investment, 
various resources human as well as material, market facilities and so on. In Fig:4, the 
cultivated microalgae has more than 65% of protein, that is given for human consumption as 
food or food supplement in the form of tablet. Due to some unavoidable condition, sometimes 
the protein may be less than 60%. If the protein content is 60% or less than 60% that is given 
as feed for live stock and poultry and used as fertilizer for crop production. The output of crop 
is utilized for human consumption and the waste of crop production ie., straw is utilized for 
mushroom production. The output of mushroom is utilized as food for human and the waste -
mushroom stick is used for algae cultivation. In the same way, the poultry waste is used for 
producing manure and that manure can be used to cultivate microalgae. The cow dung is an 
example for livestock waste and used to produce biogas. The biogas can be used to produce 
algae. Hence the integrated farming system using algae cultivation works as a source of 
sustainable agriculture. Fig-5 shows the relation among all aspects of sustainability in micro 
algae cultivation. There are more employment opportunities while setting the micro algae 
cultivation pond. Since this alga has nutrient value, it ensures the food security and produces 
food with more nutritional value. The algae cultivation can take place through out the year 
which enhances the profitability. The algae cultivation can be done by using fresh water, 
marine water and also in waste water. Patients may be affected by protein deficiency. Some of 

animal protein and also be treated as a super food for vegans.  Hence, we can manage the 
water efficiently even we are able to grow algae from the waste of effluent treatment plants. It 
takes CO2   from the environment and produces oxygen which helps us to face challenges of 
global warming. 
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Fig:5 Integrated Farming system in micro algae cultivation 

RESULTS AND DISCUSSION 

Algae cultivation played a major role for reaching the sustainability. The cultivation of algae 
helps us to produce nutrient food and also helps to lead healthy life by giving good 
environment through the production of oxygen during the photosynthesis process. We took a 
case study on cultivating the Spirulina -blue green algae belonging to the genus Arthrospira, 
has gained significant popularity in recent years as a potential superfood. It is a sustainable 
food source with a low environmental impact, making it an attractive option for those looking 
to reduce their carbon footprint. Its high protein content makes it a great option for 
vegetarians and vegans looking to increase their protein intake. Its potential anti-inflammatory 
effects may help to reduce the risk of chronic diseases and promote longevity.

Nutritional profile of Spirulina

Protein: Blue-green algae are often cited as a good source of complete protein,
containing all nine essential amino acids [2]. However, the digestibility and bioavailability of
this protein might be lower compared to animal sources [3].

Vitamins: They are particularly rich in B vitamins, such as B12, B complex, and
vitamin K2 [1].

Minerals: Blue-green algae are a natural source of various minerals, including iron,
calcium, magnesium, phosphorus, potassium, and zinc [1].

Fatty Acids: Certain species are rich in essential fatty acids, particularly omega-3
fatty acids like alpha-linolenic acid (ALA) [1].
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Antioxidants: They are a source of various antioxidant compounds, including 
phycocyanin and carotenoids, which may offer health benefits [1].

Spirulina extract market

Table 2: Spirulina extract market trend analysis 

-

The spirulina extract market is benefiting from the growing consumer interest in functional 
foods. Spirulina, known for its nutritional profile and potential health benefits, is being 
incorporated into a variety of food products, including snacks, beverages, and supplements. 
The shift towards plant-based diets and plant-based protein sources is influencing the 
spirulina extract market. Spirulina, being a rich source of plant-based protein, aligns with the 
preferences of consumers seeking vegetarian and vegan alternatives. Increasing demand for 
natural food colors align with consumer preferences for clean labels and natural ingredients 
further propels the spirulina extract market's growth. The Table 2 shows the trend analysis of 
spirulina market and the compound annual growth rate is expected to grow to 14.8% in 2034. 

CONCLUSION AND FUTURE ENHANCEMENT 

Thus, the micro algae cultivation produces healthy environment, provides nutritious food as 
well as food supplement, provides job opportunities, enhance profitability and effective 
utilization of natural resources. The algae production satisfies not only the human needs but 
also plays a major role in biofuel, bioplastic, pharma, waste water treatment and cosmetics. 
Sustainable Micro algae production can be improved when we do the water management, 
maintaining ph, control bacterial contamination and periodic harvest. We are planning to 
design an efficient tool for cultivating of micro algae at various level to promote sustainable 
agriculture is the future enhancement of our work.
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EFFECT OF BABEZIOSIS ON SHEEP PRODUCTIVITY IN NAKHCHIVAN 
AUTONOMOUS REPUBLIC 
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Abstract: Reliable food supply is the main condition of economic and social stability. 
Nakhchivan Autonomous Republic has special climatic conditions as it is ecologically 
surrounded by the Small Caucasus Mountains. One of the most important issues in developing 
animal breeding and increasing its productivity is creating a healthy animal herd. Despite the 
positive results obtained in the development of sheep farming, there are still several 
unresolved issues that reduce productivity. One of these influencing factors is blood-parasitic 
diseases. The species composition of ixodid ticks and blood-parasitic pathogens was 
determined in the Parasitology Laboratory of the Department of Veterinary Medicine of 
Nakhchivan State University. 16 species of ixodid ticks belonging to 4 genera of 
the Ixodidae family were found. Ticks infest small ruminants and transmit 4 types of blood 
parasite pathogens (Babesia ovis, Anaplasma ovis, Piroplasma ovis, and Theileria recondita). 
In the autonomous republic, Rhipicephalus bursa, Hyalomma asiaticum, Hyalomma 
anatolicum, Hyalomma detritum, and Dermacentor marginatus ticks are more common among 
small ruminants. Ticks parasitize in the lowland and foothills from the beginning of March to 
the end of October, and the peak infection is from the end of April to the beginning of 
September. The peak period of the disease lasts from the third decade of May to the end of 
July, and 75.2% of the annual incidence of the disease falls in this period. In the foothills, the 
season of the disease covers the months of May and September, and the highest level of 
morbidity is recorded in June and July, accounting for 85% of the annual morbidity. During 
this period, 80% of the total herd in the lowland zone, 90% of the total herd in the foothill 
zone, and 50% of the total herd in the mountainous zones were infested with ticks. Among 
small ruminants, 4 types of blood-parasitic pathogens are common, of which Babesia ovis is
the most common. The conducted studies show that Balbas and Mazek sheep bred in the 
Nakhchivan Autonomous Republic suffer from severe babesiosis, and in cases where 
treatment is not carried out, 60-70% of them die. 

Key Words: Nakhchivan, Ixodidae, Babesia ovis, Rhipicephalus bursa 
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r kan paraziti patojeni (Babesia ovis, Anaplasma 

bursa, Hyalomma asiaticum, Hyalomma anatolicum, Hyalomma detritum ve Dermacentor 

-

Anahtar Kelimeler: .

Introduction and Purpose 
It is known that a reliable food supply is the main condition of economic stability and social 
stability in every country. From this point of view, the state of Azerbaijan implements 
multifaceted measures for the reliable supply of food to the population and adopts large-scale 
state programs aimed at the development of the agricultural sector, on which food security 
depends. The Nakhchivan Autonomous Republic is an integral part of the Republic of 
Azerbaijan, and ecologically, it is surrounded by the Lesser Caucasus Mountains, so it has 
special climatic conditions. Thus, 9 of the 11 climate zones known in the world are observed 
in the Nakhchivan Autonomous Republic (Babayev, 1999). The basis of the economy of the 
Autonomous Republic is agriculture. One of the main leading areas of agriculture here is 
animal husbandry, including sheep farming. Meat and meat products play a valuable role in 
human nutrition as a source of protein. Since it contains fat, mineral, and extractive 
substances, vitamins, it is considered an important food product for the normal functioning of 
the human body. 
The development of animal husbandry allows to constantly improve the livelihood of the 
people, to satisfy the growing demand for livestock products of the light industry and food 
industry, as well as the population. One of the most important issues in developing animal 
husbandry and increasing its productivity is creating a healthy animal herd. However, despite 
the positive results obtained in the development of animal husbandry, including sheep 
breeding, there are still several unresolved issues, which hurt the development of sheep 
breeding, productivity, increasing the number of heads, and improving the breed. One of these 
influencing factors is blood-parasitic diseases (Agayev & Mirzabayov, 1991). These diseases 
spread in all zones of the autonomous republic, and despite the treatment and prevention 
measures, they cause huge damage to the economy of sheep farming every year. 
In the conditions of the autonomous republic, mainly Balbas and Mazek sheep are kept. 
Balbas sheep rank first in Transcaucasia in terms of their live weight and the use of their wool 
in carpet making. At the same time, Balbas sheep are very sensitive to blood-parasitic 
diseases and suffer a lot. 
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The main goal of the research is to investigate ways to eliminate blood-parasitic diseases of 
small ruminants to develop measures to control these diseases and to increase productivity by 
eliminating the damage to the economy of sheep farming by applying the obtained results in 
farms (Abusalimov, 1960). In connection with this, the following issues should be addressed: 
to determine the types of blood-parasitic diseases that spread among small ruminants, the 
nature of seasonality, and the timing of measures to be taken against ticks. 
Materials and Methods 
Covering all geographical zones of the Nakhchivan Autonomous Republic, ixodid ticks 
parasitizing small ruminants were collected from the beginning of March to the end of 
October in 16 settlements and pastures, their gender, and species composition to the 
determinant (Pomerantsev, 1950), as well as the type of blood-parasitic disease was 
determined by preparing smears from the blood of infected animals. The gender, type, and 
type of blood-parasitic disease agent of ixodid ticks were determined based on the relevant 
instructions at the Department of Veterinary Medicine of Nakhchivan State University and the 
parasitology laboratory of Nakhchivan Scientific Research Veterinary Station. During the 
research period, 6977 small ruminants (5417 sheep, 1560 goats) were examined, the genus 
and species of 12595 ixodid ticks collected from them were determined, and the blood smear 
of 447 small ruminants was examined. 
Results 
The research results show that 16 species of ixodid ticks from 4 genera belonging to the 
Ixodidae family are distributed in the geographical area of Nakhchivan AR. Of these, 15 
species parasitize animals. Among small ruminants, 4 types of blood-parasitic disease agents 
were found: Babesia ovis, Anaplasma ovis, Piroplasma ovis, and Theileria recondita. 
Discussion and Conclusion  
Rhipicephalus bursa, Hyalomma asiaticum, Hyalomma anatolicum, Hyalomma detritum, and 
Dermacentor marginatus ticks are more common in small ruminants. The period of seasonal 
parasitism of ticks lasts from the beginning of March to the end of October in the lowland and 
foothills, and the peak of infection is from the end of April to the beginning of September, and 
the peak period of the disease continues from the third decade of May to the end of July, and 
the annual incidence of the disease is 75,2% fall into this period. In the foothills, the season of 
the disease covers the months of May and September, and the highest level of morbidity is 
recorded in June and July, accounting for 85% of the annual morbidity. During the mentioned 
period in the lowland zone, 80% of the total herd, 90% of the total herd in the foothill zone, 
and 50% of the total herd in the mountainous zones are infected with ticks (Table 1). 
As a result of the examination of blood smears prepared of 447 head-sick small animals in the 
experimental areas, it is known that 4 types of blood-parasitic disease agents are spread 
among small ruminants: Babesia ovis, Anaplasma ovis, Piroplasma ovis, and Theileria 
recondite. Babesia ovis is more common among these species. Babezites were detected in 334 
(74.7%) of the examined blood smears; 234 of them (%70.0) were seen alone, and 30 (%9.0) 
were seen in mixed form. 
In the territory of the autonomous republic, anaplasmosis of small ruminants is also relatively 
widespread and is noted in all geographical zones. As a result of the examinations, 
anaplasmids were detected in the blood smear of 97 heads (21.7%) of the sick animals, 
anaplasmids alone in 90 heads (21.0%) and anaplasmids mixed with other species in 7 heads 
(1.6%). Based on Piroplasma ovis, 13 heads (2.9%) were found in a mix with other species 
and more with B. ovis. Theileria recondite species is very rare. This spp. was found in 3 
(0.67%) patients, of which 2 (0.5%) were mixed, and 1 (0.2%) was alone.
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Table 1. Tick infestation status of small ruminants 

Anim
al
specie
s

Number of 
animals initially 

checked

Infected 
animals Total 

ticks 
collected

% in 
the 

overall 
herd

Average number of 
ticks

Total %
At every 
checked

infects 
every 

animal
Sheep 5417 2017 37,20 10591 84,00 1,90 5,30
Goat 1560 407 26,10 2004 16,00 1,30 4,90
Total 6977 2424 34,70 12595 100,00 1,80 5,20

Sheep and goats of all ages are affected by babesiosis, but young animals suffer more severely 
and the loss is higher (Figure 1). In addition, depending on the breed of animals, the disease is 
mild and severe. The conducted researches show that Balbas and Mazek breed sheep bred in 
Nakhchivan MR result in 60-70% loss if severe babesiosis is not treated. Hybrids obtained 
from the crossbreeding of Balbas and Mazek breeds are relatively mild and in many cases 
recover without treatment. Animals infected with babesiosis are most often encountered 
during the period of intense parasitism by Rhipicephalus bursa ticks. Which, depending on the 
season of this year and weather conditions, changes to one degree or another, but it usually 
lasts from the beginning of May to the end of October (Magerramov & Seyidov, 2017; 
Seyidov, 2015). 

Figure 1. Infection of sheep with pathogens of blood-parasitic diseases 
From the conducted research, it is concluded that the territory of the Nakhchivan Autonomous 
Republic has favorable natural climate conditions for the settlement and parasitism of ixodid 
ticks. Here, 16 species of ticks belonging to 4 genera of the Ixodidae family are found. These 
ticks, which are considered disease carriers, parasitize among small ruminants and transmit 4 
types of blood-parasitic disease agents to them. These species include Babesia ovis, 
Anaplasma ovis, Piroplasma ovis, and Theileria recondita.
Babesia ovis is widespread among small ruminants in the autonomous republic, causing high 
losses (60-70%), especially among young animals. In the season when ticks parasitize, 80% of 
the total herd is infected with ticks in the lowland zone, 90% in the foothill zone, and 50% in 
the mountainous zone. The disease mainly covers the period from the beginning of May to the 
end of September, causing high losses and low productivity. 

624



Among small ruminants, babesiosis is more likely to occur in the period when ticks of 
the Rhipicephalus bursa species are actively parasitizing in nature. Therefore, from the 
beginning of May to the end of September, it is recommended to systematically bathe the 
animals with acaricide solutions. 
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ABSTRACT

The rapid expansion of the global population coupled with shifts in lifestyle habits has 
resulted in a notable surge in food wastage originating from diverse industrial, agricultural, 
and domestic channels. Approximately one-third of the yearly food production is squandered, 
contributing to substantial resource depletion. Food waste encompasses valuable organic 
content, the mismanagement of which poses significant environmental and public health risks, 
underscoring the pressing need for effective food waste disposal methods on a global scale. 
Besides that, food waste contains a significant amount of dietary fiber, protein, lipids, 
vitamins, polyphenols, and minerals. It is important to add these wastes to food products both 
to utilize the valuable components they contain and to meet the increasing protein needs due 
to the growing population. Therefore, protein extraction from waste materials is gaining 
interest as a way to meet the increasing demand for protein and reduce waste. Protein 
ingredients can also be obtained from wastes and by-products of pulse processing, with 
different extraction methods affecting protein composition and functionality. Different 
techniques are being used to recover proteins from food-based industry wastes, such as 
enzyme-assisted extraction, cavitation-assisted (ultrasound-assisted, hydrodynamic) 
extraction, microwave-assisted extraction, supercritical extraction, pulsed electric field, liquid 
biphasic flotation, and hybrid extraction processes. Each extraction technique is noted to have 
substantial impacts on protein composition and functionality, potentially influencing the 
performance of proteins in diverse food applications. Agri- nt
grain, spent coffee grounds, avocado, and kale stems have been used in various food 
formulations to improve water and oil retention, emulsion stability, and textural and sensory 
parameters. This review provides updated perspectives on the diverse origins of food waste 
and the potential of utilizing proteins to transform it into value-added products, thereby 
bolstering confidence in improved utilization and management of food waste.

Key Words: Food Waste; Protein; Extraction Techniques; Food Products; Sustainability 

INTRODUCTION 

The rapid growth of the global population and changes in lifestyle habits have led to a 
significant increase in food wastage originating from various industrial, agricultural, and 
domestic channels. Large amounts of by-products and waste are generated by agricultural 
production and agro-industrial processing. Food waste arises due to damage occurring during 
the transportation, storage, and processing stages. Approximately one-third of the yearly food 
production is squandered, contributing significantly to resource depletion. Currently, there is a 
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growing trend in processed and frozen food products. According to ongoing trends, the 
processing of fresh harvests such as fruit juices, syrups, nectars, concentrates, canned 
products, etc., greatly contributes to waste generation. Additionally, food waste encompasses 
valuable organic content, the mismanagement of which poses significant environmental and 
public health risks, underscoring the urgent need for effective food waste disposal methods on 
a global scale. 

Preserving our planet Earth as an ideal habitat for future generations stands as the most 
pressing scientific, economic, social, and ethical challenge confronting humanity today. 
However, based on the planetary boundaries framework more than a decade ago, humanity 
has already exceeded the safe operating limits in three out of the nine major planetary 
systems, namely climate change, nitrogen cycle, and biodiversity loss (Peydayesh et al., 
2023). 

The leading factor contributing to climate change is food wastage, accounting for roughly 1.3 
billion tons of wasted food each year. The percentage of losses post-production comprises up 
to 42% at the household level, 39% in food manufacturing, 14% in the food service sector, 
and 5% during distribution (von Massow et al., 2019; Mirabella et al., 2014). This quantity 
represents 30% of the total food produced for human consumption and contributes to 8-10% 
of the global greenhouse gas emissions (GHG) linked to food waste. The significant 
component of this waste is food protein, which holds a pivotal role in the broader context 
(Henchion et al., 2017). While the nutritional requirements for protein in the expanding global 
population can currently be satisfied by existing supply levels, the anticipated increase in 
protein demand necessitates the exploration of more sustainable and innovative sources of 
supply. Food waste occurs throughout various stages of the food life cycle, starting from the 
harvest of crops and the slaughter of livestock, continuing through processing, retail, and 
culminating in consumer losses. While the shift towards varied protein sources might be 
perceived as a challenge for companies in the meat and dairy industry, there are substantial 
opportunities for these companies to generate new, high-value by-products from underutilized 
waste streams. Additionally, they can actively participate in the creation of novel products 
derived from diversified protein sources. Food losses occur at various stages in different 
proportions.  

Protein is naturally produced in both plants and animals; typically, animals have a higher 
abundance of protein compared to plants. The increasing global demand for animal-based 
products requires a substantial increase in plant and other feed resources (Lonnie et al., 2018).  
This leads to a surplus of protein-rich materials being generated as waste, surpassing the 
amount of protein supplied for consumption. The primary objective in addressing this issue is 
to transform these agricultural wastes into usable protein (Hicks et al., 2016). Food waste is a 
significant source of protein with the potential to serve as a value-added ingredient or product, 
including incorporation into human foods and animal feed (Adhikari et al., 2018). The 
feasibility of discovering usable protein from these wastes is linked to available technology 
for recovering nutrient-rich protein. Various methods, including alkaline extraction, enzyme-
assisted extraction, microwave-assisted extraction, ultrasound-assisted extraction, pulsed 
electric field, supercritical fluid extraction and Osborne fractionation techniques, have been 
proposed as potential strategies for protein recovery from waste (
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FOOD WASTE PROTEIN SOURCES

One of the significant challenges societies are currently facing involves identifying and 
cultivating alternative protein sources to accommodate the anticipated population growth in 
the coming decades. Food waste protein sources can be categorized into animal and plant 
sources, based on their crude protein availability and nutritional value. This necessitates 
diminishing dependence on conventional animal protein sources, primarily comprised of red 
meat, fish, and poultry. Between one-third and one-half of the live weight of animals 
processed in slaughterhouses is transformed into a byproduct stream, which has the potential 
to be an exceptional resource of industrial protein for various value-added applications. The 
approximate percentage of live weight considered inedible material varies for different 
animals: 49% for cattle, 47% for sheep and lambs, 44% for pigs, and 37% for broilers 
(Meeker and Hamilton, 2006; Walsh, 2014). The meat industry consistently produces 
significant quantities of unavoidable byproducts, including blood, bones, skin, hair, feathers, 
viscera, horns, hoofs, and wastewater, which often contain high levels of chemicals and 
organic matter. This results in a global generation of approximately 52.6 million tons of meat 
byproducts, constituting 20% of the annual meat production (Jayawardena et al., 2021; 
Abdilova et al., 2021; FAO, 2022; Peydayesh et al., 2023).  

The primary outcome of cheese production is liquid whey, comprising 80-90% of the 
processed milk volume. The composition of whey varies depending on the type of cheese, 
usually containing 94% water and 6% solid mass, with 20% being proteins (Ryan and 
Walsh,2016). Annual global whey production reaches around 240 million tonnes, with 
substantial efforts dedicated to maximizing the value of this byproduct. Common methods for 
optimizing whey include producing concentrated whey powder, whey protein concentrates, 

-
-lactalbumin, find diverse applications in nutrition and the food industry. 

Despite these optimization endeavors, up to 50% of global whey remains untreated, used as 
fertilizer, in irrigation, as animal feed, or treated as waste, each with associated drawbacks. 
(Patel, 2015). 

Several plant by-products are recognized as significant protein sources owing to their high 
nutritional value, as evidenced by their essential amino acid profiles. Emerging alternative 
plant proteins, adaptable for specific applications in the food industry, encompass soy, pea, 
potato, canola, and rice (Charlton, 2019). Products derived from plants present a promising 
substitute for functional proteins and are being employed by the food ingredients industry as 
stabilizers for gels, foams, and emulsions in various food products, including sauces, cakes, 
ice creams, and dressings (Prakash et al., 2017). 

EXTRACTION METHODS FOR FOOD WASTE PROTEIN 

Alkaline method 

The alkaline extraction method represents a hybrid extraction process where solubility serves 
as an indicator of protein extractability (Sari et al., 2015). Protein extraction begins at a 
specific pH, typically the isoelectric point, where proteins are solubilized and subsequently 

affects protein 
extraction by influencing cell wall alterations and changes in protein properties. The resulting 
protein isolate, or hydrolysate is produced through a standard alkaline procedure, wherein the 
extracted material is mixed with a solvent, and an alkaline medium is created using 
compounds such as sodium hydroxide. Due to relatively low extraction yields, isoelectric 
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precipitation is often employed as an additional step to separate proteins from the obtained 
supernatant, with protein hydrolysate obtained following purification steps like dialysis or 

Experiments utilizing the alkaline extraction technique have yielded promising results in 
protein extraction from various sources. For instance, extraction from rice bran yielded a 
protein yield of 22.07% (Phongthai et al., 2016). Guan et al. (2008) reported a protein yield of 
56.2% from defatted oat bran using the alkaline extraction technique. Sari et al. (2015) and 
Rommi (2016) extracted protein from rapeseed defatted meal, with reported yields ranging 
from 50% to 80% and 53%, respectively. Sedlar et al. (2021) extracted protein from vegetable 
leaves like cauliflower, broccoli, and beetroot using alkaline extraction at pH 10, resulting in 
protein yields ranging from 39.76% to 53.33%. Overall, these experiments demonstrate that 
the alkaline extraction technique holds promise for extracting proteins from various sources, 
including food-based waste, with improved performance and efficiency. However, it is 
advisable to apply this technique as an additional step, generally after purification, to enhance 

Enzyme-assisted extraction 

In recent years, the utilization of enzymes for protein extraction has become increasingly 
prevalent, particularly in the food and nutraceutical industries. Enzymes, which are primarily 
proteins derived from plants, microorganisms, and animals, serve as catalysts to accelerate 
reactions. Food-grade enzymes are commonly employed for extraction purposes, with 
enzyme-assisted processes showing promise in dairy (such as cheese and yogurt), bakery 
(bread making), and meat processing. Among the enzymes utilized in industry, carbohydrates, 
lipases, and proteases are the most common (Raveendran et al., 2018). 

The enzyme-assisted extraction technique is a highly efficient method for obtaining bioactive 
compounds, wherein cell walls are broken down, and desired bioactive compounds, including 
proteins, are released. This process eliminates unnecessary components from cell walls, 
enhancing system transparency while preserving the original efficacy of natural products, 
particularly proteins. Essentially, enzymes facilitate improved protein release by degrading 
cell walls composed of polysaccharides or enhancing protein solubility. This enzymatic 
extraction is often employed as a pretreatment before the ultrasound, microwave, or pulse 
electric field extraction of proteins. Enzymatic hydrolysis enables the maintenance of specific 
operational conditions such as reaction temperature, extraction time, pH, enzyme 
concentration, and substrate size, followed by centrifugation and filtration to obtain the final 
extracted protein (Cheng et al., 2015). 

Research has demonstrated favorable outcomes with the enzyme-assisted extraction technique 
for protein extraction from plant-based waste, including seeds, roots, barks, and leaves. For 
instance, the extraction of protein from sugar beet leaves yielded a protein yield of 79.01% 
with a 43.27% increase in effici
recovered protein from fish (anchovy) waste, which was then converted into a hydrolysate 
product through enzymatic treatment. This product, rich in nutrition, exhibited beneficial 
effects and functional food components. The study also highlighted the potential to produce a 
dry powder with a water activity (aw) of 0.3 0.5 and an essential amino acids fraction of 42% 
over the total amino acids. Furthermore, Araujo et al. (2021) extracted protein, collagen, and 
fish oil from fish waste using enzymatic hydrolysis, yielding various high-value and value-
added products. 
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Ultrasound-assisted extraction 

Ultrasound-assisted extraction is hailed as a simpler and more efficient method compared to 
traditional approaches and has been widely adopted for extraction purposes over the past 
decade. Critical parameters such as temperature, solvent properties, type of ultrasonic reactor 
(bath or probe), sonication frequency, and power govern the efficacy of ultrasound-assisted 
extraction (Panda et al., 2019). This technique induces cavitation of small bubbles in the 
solvent as ultrasound waves pass through, facilitating deeper penetration into the material and 
increasing surface area (Quintero Quiroz et al., 2019). To optimize efficiency, frequencies as 
high as 20 kHz and elevated temperatures are utilized to generate cavitational bubbles, 
enhancing mass transfer from analytes to solvent (Kamal et al., 2021). 

During ultrasound-assisted extraction, a vessel is submerged in an ultrasonic bath, allowing 
the solvent to come into contact with the sample while subjected to ultrasound. The 
application of ultrasound leads to the formation of cavitation bubbles throughout the solvent, 
enhancing mass transfer from analytes to solvent due to pressure and temperature changes 
upon bubble collapse (Kamal et al., 2021). 

Studies have demonstrated the effectiveness of ultrasound-assisted extraction in protein 
extraction from various sources. For instance, Karki et al. (2010) achieved a protein yield of 
46% from defatted soy flakes using high-amplitude sonication for 120 seconds. Nguyen et al. 
(2019) extracted protein from defatted peanut meal with water as a solvent, yielding 19%. 
Similarly, Qu et al. (2012) reported a 55% increase in the rate of protein extraction from 
chicken liver compared to other methods, with a protein concentrate yield of 76.1% from rice 
bran and 70.2% from wheat germ using ultrasound-
et al. (2019) obtained a protein yield of 61.7% from sesame bran using ultrasound-assisted 

Collectively, these studies underscore the impact of ultrasound-assisted extraction and various 
operational parameters on protein yield. While the yield may vary depending on the source
and operational conditions, ultrasound-assisted extraction exhibits high potential for 
extracting proteins with enhanced efficiency compared to conventional methods. 

Microwave-assisted extraction 

The microwave-assisted technique, emerging in the late 1980s, stands as an automated and 
environmentally friendly extraction method, particularly gaining traction in the food industry. 
This technique offers several advantages, notably reducing extraction time and solvent 
consumption rates. Over time, significant advancements in instrumentation, particularly in 
pressurized and solvent-free microwave-assisted extractions, have positioned this technique as 
a viable alternative to conventional extraction methods for proteins (Llompart et al., 2019). 

Microwave-assisted extraction functions by disrupting cell structures through the application 
of non-ionizing electromagnetic waves within the frequency range of 300 MHz to 300 GHz. 
This process induces energy transfer through mechanisms like ionic conduction and dipole 
rotation. As water within the sample evaporates, intracellular pressure increases, leading to 
the rupture of cell walls (Santos-
placed within the instrument, and microwave radiation is applied (300 MHz to 300 GHz). 
Moisture within the sample heats up and evaporates, resulting in increased intracellular 
pressure and subsequent cell wall rupture (Gomez et al., 2020). 
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In this technique, both heat and mass gradients act in concert, directing toward the outer 
regions of cells, thereby enhancing extraction yield and reducing processing time (Gomez et 
al., 2020). However, the efficiency of protein extraction using microwave-assisted techniques 
is contingent upon various factors, including the selection of closed- or open-type vessel 
systems. For example, extracting protein from rice bran using microwave-assisted extraction 
yielded a protein yield of 29.4% under processing conditions of 100 W for 90 seconds, which 
represents a 1.54% improvement compared to alkaline extraction methods (Phongthai et al., 
2016). 

Supercritical fluid extraction

-

Pulsed electric field 

The extraction of proteins using pulsed electric fields has been a prominent electricity-based 
processing technique for approximately five decades. This method has garnered significant 
attention due to recent advancements, making it one of the most widely employed techniques. 
Compared to other methods, pulsed electric field extraction offers key advantages such as the 
preservation of nutritional value, flavor, texture, and color of products (Buchmann et al., 
2019). 
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The mechanism of pulsed electric fields involves generating short pulses of high electric 
fields, typically ranging from 10 to 80 kV/cm, for durations of microseconds to milliseconds. 
Food items inherently exhibit electrical conductivity due to the presence of various ions. 
When an electric field is applied, electrical current permeates the product, facilitated by 
charged molecules within the liquid (Sharma et al., 2014). Placing the product between a set 
of electrodes, with the distance between them termed as the pulsed electric field chamber, 
allows for extraction. The application of high voltage creates an electric field that effectively 
inactivates microbes. Following treatment, the food is packed under aseptic conditions and 
stored refrigerated (Zhang et al., 2020). 

Pulsed electric fields have been utilized for protein extraction from diverse sources. For 
instance, extraction from papaya seeds was conducted at a 13.3 kV/cm electric field for 2720 
seconds with 400 pulses, resulting in increased protein yield (Parniakov et al., 2015). 
Similarly, protein extraction from sesame cake at a 13.3 kV/cm electric field demonstrated a 
yield of approximately 30 40% (Sarkis et al., 2015). In another study, the protein was 

crude extract (Ghosh et al., 2019). However, parameters such as time and temperature during 
pulsed electric field extraction significantly affect extraction efficiency, presenting a major 

Osborne fractionation technique 

The Osborne protein extraction method categorizes proteins based on their solubility into 
albumins (water-soluble), globulins (dilute salt-soluble), prolamins (aqueous ethanol-soluble), 
and glutelins (dilute alkali-soluble). This classification was first proposed by scientist 
Osborne in 1907, primarily for wheat proteins. The method involves fractionation techniques 
at multiple levels to produce proteins suitable for incorporation into food products. It can be 
combined with enzyme inactivation and downstream electrophoretic protein separation to 
enhance yield (Romero- tracted using 
various chemicals such as water, salt solutions, alkaline, and alcoholic solutions, followed by 
centrifugation and washing to filter the supernatants, typically measured using Kjeldahl 
apparatus to calculate protein yield (Sardari et al., 2019). 

Determining the complete set of protein species comprising a cell's proteome is a daunting 
task. It requires fractionation techniques at various levels cellular, subcellular, and protein 
level along with complementary approaches to protein cataloging and whole proteome 
characterization. While alkaline extraction methods can produce protein isolates, these 
isolates often exhibit poor solubility and may undergo irreversible denaturation, rendering 
them less effective as food ingredients. To address this, the Osborne protein extraction 
method is utilized for fractionating proteins, resulting in improved food characteristics 
(Vinayashree et al., 2021). 

Proteins extracted using the Osborne procedure from different sources, including waste, are 
fractionated using alkali fraction. Studies by Vinayashree et al. (2021) on pumpkin seeds 
reported a yield of 45.82% using this method. Tan et al. (2011) compared canola protein 
yields obtained using the Osborne method with those from alkaline extraction, finding the 
Osborne method more effective with higher protein yields. Furthermore, solubility studies of 
flaxseed protein using the Osborne series of solvents showed a major fraction (42%) 
extracted, with 4% soluble in 70% ethanol. The percentage of available protein crucially 
determines the usability of agricultural products, making protein fractionation techniques like 

-products or protein-containing 
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products from various sources exhibit complexity and interactions, making categorization and 
characterization challenging, highlighting the importance of Osborne protein fractionation as 
a key solution to overcome these difficulties. 

UTILIZATION OF FOOD WASTE PROTEINS 

Waste utilization is both a necessity and a challenge. In the food industry, the recovery and 
repurposing of wastes are becoming increasingly important. The aim is to utilize raw 
materials more comprehensively, minimizing pollution and waste processing issues. 
Significant and successful examples of waste utilization are already in effect in the meat 
processing and citrus processing industries. Considering the increasing world population and 
the existing shortage of high-quality, low-cost foods, recovering nutrients from currently 
wasted sources and utilizing them as food or feed can help mitigate the risk of widening the 
gap between the world population and global food supplies (Ben-Gera and Kramer, 1969; 
Kumar et al., 2020). 

Protein concentrates and isolates 

Protein concentrates and isolates are highly purified extracts of protein derived from various 
sources, including waste materials from the food industry such as whey, fish waste, and 
residual parts of fruits, vegetables, cereals, and legumes. These extracts undergo filtration 
processes to increase their protein content, making them suitable as supplements for human 
consumption (Table 1). The key distinction between protein isolates and concentrates lies in 
their purity; isolates contain a higher concentration of protein and fewer carbohydrates, fats, 
and calories compared to concentrates (Munshi et al., 2022). 

One example of utilizing waste material is the extraction of protein from poultry feathers, 
which are rich in protein but require processing to break down their tough keratin structure. 
Alkaline treatment and enzymatic processes are employed to recover feather protein 
concentrate, which exhibits a remarkably high chemical score, meeting or exceeding WHO 
standards. This concentrate can be utilized in animal feed applications (Dalev, 1994; Munshi
et al., 2022).  Similarly, tomato processing waste, such as pomace, contains seeds rich in 
protein. Through processes involving sugar, salt, and alkaline treatments, protein isolates and 
concentrates can be extracted from these seeds, with reduced cellular matter, making them 
suitable for various food applications (Sogi et al., 2002). 

Watermelon seed oil cake, often underutilized and used primarily in animal feed, contains a 
significant amount of protein and phenolic compounds. By processing the seed meal with 
alkaline treatment, protein concentrate rich in globulin protein can be extracted. This protein 
can be incorporated into food products, such as protein-rich cookies, offering a sustainable 
alternative to traditional sources of protein (Wani et al., 2015). 

Whey protein, a by-product of cheese production in the dairy industry, is another valuable 
source of protein. Through ultrafiltration and freeze-drying processes, whey protein can be 
extracted and purified, resulting in increased shelf life and nutritional value. It serves as a 
popular supplement for individuals engaged in fitness and bodybuilding activities, while also 
aiding in reducing pollution by utilizing dairy industry waste (Das et al., 2016). 

Marine by-products, including viscera, skin, bones, and head cutoffs, represent a significant 
untapped source of protein. Through processes such as hydrolysis, these by-products can be 
converted into protein hydrolysates, containing high levels of free amino acids and peptides 
suitable for consumption. Additionally, fish collagen and enzymes extracted from marine 
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sources find applications in cosmetics and various industrial processes, contributing to the 
utilization of marine waste and sustainable protein production (Rustad, 2003). 

Table 1. Utilization of food waste protein sources in human consumption

Animal feed protein enrichment 

Residual fruit and vegetable by-products from beverage companies, including pulp, skin, and 
peels, present an opportunity for value-added utilization through bioconversion processes 
involving enzymes or microorganisms. One approach involves enriching these residues with 
proteins, rendering them suitable for use as economical feed options (Munshi et al., 2022). 
Some studies regarding using food waste protein in animal feeding are shown in Table 2. For 
instance, pineapple waste was subjected to solid-state bioprocessing with nitrogen 
supplementation using Saccharomyces cerevisiae. This method yielded a protein content of 
22% on a dry basis within 48 hours, demonstrating the potential for fermented pineapple 
waste to serve as a protein-rich feed source (Correia et al., 2007). Similarly, agricultural 
residues like orange, plantain, and banana wastes have been utilized for protein extraction 
using Candida sp., offering potential feed options for both animals and humans. With the 
growing concern over food waste and the increasing global population, converting excess 
carbohydrates in waste materials into proteins via fermentation processes presents a viable 
solution to address nutritional challenges. Studies have shown that Candida sp. can produce 
protein biomass when provided with a nitrogen source, particularly using citrus fruit wastes, 
with optimal growth achieved under specific temperature and supplementation conditions, 
leading to protein enrichment in feeding (Adoki, 2008). 

Table 2. Utilization of food waste protein in animal feeding

Source of Protein
Method of 
Extraction

Protein Content Utilization Reference

Tomato 
Processing Waste

Alkaline 
treatment, sugar, 

salt
Moderate to high

Various food 
systems

Sogi et al. (2002)

Watermelon 
Seed Oil Cake

Oil pressing, 
alkaline treatment

High (45 55%)
Protein-rich 

cookies; potential 
for fruit juices

Wani et al. 
(2015)

Whey
Ultrafiltration, 
freeze drying

High
Gym supplements, 

muscle and 
bodybuilding

Das et al. (2016)

Marine By-
Products

Hydrolysis,
microbial enzymes

Moderate to high
Protein 

hydrolysates for 
consumption

Rustad, 2003

Poultry Feathers
Alkaline 

treatment, enzyme 
action

High (chemical 
score >100%)

Feed constituents Dalev, 1994
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Source of Protein
Method of 

Enrichment
Utilization Reference

Pineapple waste
Solid-state 
bioprocessing

Protein-rich feed for 
animals to replace 

Correia et al. 
(2007)

Apple Pomace
Solid-state 
cultivation

Feed for Nile Tilapia fry
Bhusan et al. 
(2008) 

The dried ripe peels 
of banana and citrus 

Not specified
Mixing with wheat 
straw to feed the 
lactating animals

Khedkar and 
Singh (2018)

Fresh leaves of 
cabbage and 
cauliflower, and 
empty pea pods

Not specified
As a livestock feed 
along with cereal straws

Khedkar and 
Singh (2018)

The flakes of carrot 
or dehydrated carrots

Not specified Feed for horses
Kadian et al. 
(2022)

In another study, apple pomace was targeted for protein enrichment through solid-state 
cultivation, to use it as feed for Nile Tilapia fry. Considering the significant quantity of apple 
pomace generated by countries producing large volumes of apple juice, there's potential to 
convert this waste into a valuable protein source (Bhushan et al., 2008). By utilizing microbial 
single-cell proteins like S. cerevisiae, the sugar-rich apple pomace can be effectively 
transformed into a protein substrate, reducing the risk of animal intoxication, and providing a 
protein-enriched feed alternative. Cultures such as Gongronella butleri show promise in 
enhancing growth, offering economic benefits, mitigating environmental concerns, and 
adding value to agricultural residues (Vendruscolo et al., 2009). 

Edible film and coating 

Edible films and coatings have garnered attention for their ability to extend the shelf life of 
food products, particularly fruits, and vegetables while safeguarding them against microbial 
degradation. These thin layers, whether applied directly (coating) or formed separately and 
then applied (film), maintain the integrity of the food without altering its characteristics 
(Munshi et al., 2022). Some studies about the utilization of food waste protein in edible film 
and/or coating in various food formulations and their benefits are summarized in Table 3.  

Plant-based proteins like zein and gluten are commonly used to create edible coatings. For 
example, a zein-based coating, comprising proteins like collagen and gelatin dissolved in 
alcohol, is applied to nuts and confectionaries to enhance their preservation (Buffo and Han, 
2005). Whey protein coatings have been successful in maintaining the quality of strawberries 
by preserving anthocyanin content and increasing shelf life through rapid freezing after 
application (Soazo et al., 2015). Similarly, apple peel polyphenol chitosan coatings have been 
effective in reducing post-harvest losses and enriching strawberries with antioxidants (Riaz et 
al., 2021).  

Soy protein films are widely used due to their high oxygen barrier properties, making them 
suitable for multi-layer packaging systems and as microencapsulating agents for flavors and 
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pharmaceuticals. Wheat gluten proteins offer unique mechanical and gas barrier properties, 
although their use is limited due to allergenic concerns for individuals with gluten intolerance 
(Buffo and Han, 2005). Vegetable protein sources, such as pumpkin seeds, have been 
explored for their potential in creating edible films. These films, extracted using alkaline 
methods, exhibit good mechanical strength and barrier properties, making them suitable for 
various food applications (Lalnuthari et al., 2020). In Eastern European countries, whey 
protein and cinnamon bark coatings have been utilized to extend the shelf life of fresh 
unripened curd cheese (Mileriene et al., 2021). 

Animal protein films, particularly fish collagen extracted from waste skin, have shown 
promise in active packaging applications (Bhuimbar et al., 2019). Collagen films, when 
combined with chitosan, exhibit antibacterial properties, making them suitable for preserving 
food products. Whey protein, a common by-product of cottage cheese production, has been 
utilized to create films with enhanced properties using melanin extracted from watermelon 
seeds. These modified films offer increased UV light blocking, gas, and moisture barrier 
properties, with high antioxidant activity and no cytotoxicity, making them suitable for 

20).  

Overall, both plant and animal protein-based edible films and coatings offer innovative 
solutions for extending the shelf life of food products while preserving their nutritional value 
and sensory attributes. 

Table 3. Utilization of food waste protein in edible film and/or coating in various food 
formulations and their benefits

Protein Source and 
Application 

Method
Application and Benefits Reference

Edible Coating with 
Zein, Collagen, 
Gelatin Proteins

Used for coating nuts, confectioneries, and
various other foods.

Reduces lipid oxidation by adding 
antioxidants.

Coating is formed upon solvent evaporation.
Preserves shelf life and nutritional 

properties of food.

Buffo and Han 
(2005)

Edible Coating with 
Whey Protein

Used to maintain quality attributes of
strawberries. Rapid freezing after coating helps
retain anthocyanin content and increase shelf life.

Helps prevent freezer burn and water loss in
strawberries with short shelf life.

Preserves nutritional properties of 
strawberries.

Soazo et al. (2015)

Edible Coating with 
Apple Peel 
Polyphenol Chitosan

Extends the shelf life of strawberries and
reduces post-harvest losses.

Enriches strawberries with polyphenols and
natural antioxidants.

Delays deterioration and off-flavor 
development.

Riaz et al. (2021)
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Soy Protein Film

High oxygen barrier suitable for multi-layer
packaging systems.

Protects against lipid oxidation and surface
moisture loss when applied to meat products.

Can be used as a microencapsulating agent
for fruits, vegetables, and cheese.

Used in low-sugar cakes and high-moisture
products.

Buffo and Han 
(2005)

Wheat Gluten 
Protein Film

Novel functional properties including
rubber-like mechanical properties and selective gas
barrier properties.

Water-resistant and cohesive.
Used to coat seeds, pills, foodstuffs,

cosmetics, polishes, and drug capsules.
Used in modified atmosphere packaging and

active coating.

Buffo and Han 
(2005)

Pumpkin Seed 
Protein Film

Can be used as a coating over cut fruits,
bakery products, and sweets.

Exhibits good mechanical strength and film
barrier properties. Preserves nutritional properties.

Lalnuthari et al. 
(2020)

Edible Coating with 
Whey Protein and 
Cinnamon Bark

Improves shelf life of fresh unripened curd
cheese and reduces moisture and microbial growth.

Cinnamon bark acts as an antimicrobial
agent while whey protein increases protein content.

Suitable for small and large-scale industries.

Mileriene et al. 
(2021)

Peanut Protein 
Isolate and 
Concentrate Film

Film's water vapor barrier increases with
higher drying temperatures.

Mostly used for non-food packaging
systems due to good mechanical resistance and
insolubility in water.

Used in medical packaging where
biodegradability is necessary.

Buffo and Han 
(2005)

Cottonseed Protein 
Film

Obtained from cottonseed flour through the
casting process.

Used for medical packaging requiring
biodegradability.

Buffo and Han 
(2005)

Rice Protein Film Higher water vapor permeability compared
to synthetic films due to its hydrophilic nature.

Buffo and Han 
(2005)

Pea Protein Film
Shows a similar structure to soy protein and

wheat gluten films with good strength and
elasticity.

Buffo and Han 
(2005)

Fish Collagen 
Protein Film

Fish collagen extracted from waste skin is
used to form protein films.

Collagen's high tensile strength and stability
make it suitable for film formation.

Bhuimbar et al. 
(2019)
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Collagen film mixed with chitosan exhibits
antibacterial properties.

Suitable for active packaging.

Whey Protein Film 
with Melanin 
Modifier

Modified films have increased UV light
blocking, gas and moisture barrier properties, and
mechanical strength.

Modified films exhibit high antioxidant
activity without cytotoxicity.

Suitable for active packaging, wound
dressing, and biomedical applications.

(2020)

Casein Protein Film

-casein fraction provides weak 
permeability to water vapor.

Caseinate films mixed with whey protein
isolate exhibit reduced puncture strength.

Lacroix and Vu 
(2014)

Single cell protein 

Single cell protein (SCP), also known as microbial protein or edible protein, is derived from 
microbial cultures, typically in the form of dead or dried cell biomass. It serves as a valuable 
protein supplement in both human foods and animal feed. SCP production involves 
fermenting low-cost feedstocks and waste materials, such as wood, straw, cannery and food-
processing wastes, residues from alcohol production, hydrocarbons, or even human and 
animal excreta, using microorganisms like algae, fungi, yeast, and bacteria. This process 
utilizes these materials as a source of energy to produce biomass, protein concentrate, or 
amino acids, thereby addressing global protein shortages (Mondal et al, 2012; Munshi et al., 
2022). 

SCP, rich in not only protein but also carbohydrates, fats, nucleic acids, vitamins, and 
minerals, can be produced from various waste streams generated by the food industry. The 
food processing sector, including dairy, bakery, fruit and vegetable processing, meat, fish, and 
poultry industries, generates substantial waste that can be repurposed for SCP production 
through various techniques. This approach not only reduces waste but also contributes to the 
production of a protein-rich diet (Mondal et al, 2012). 

The production of SCP involves two main steps: substrate collection and fermentation using 
microorganisms. Substrates typically consist of waste materials from the food industry, such 
as fishmeal, soymeal, fruit and vegetable waste, etc., which are collected, oven-dried, and 
stored for further processing. Microorganisms, including bacteria or yeast, ferment the food 
waste, converting carbohydrates into simple sugars and subsequently producing SCP. The 
extracted SCP is separated from the fermented mass through vacuum filtration, washed with 
sterile water, and oven-dried before storage (Bacha et al., 2011). 
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Table 4. Single cell protein production from different food waste 

Raw 
Material

Microorganism SCP Production Process Reference

Potato 
Residue

A. niger,
B. lichenformis

- Degradation of potato fiber by A.
niger

- Fermentation using B.
lichenformis

Liu et al. (2014)

Date Palm 
Waste

S. cerevisiae
- Aerobic fermentation by S.

cerevisiae
Putra et al. (2020)

Orange Peel 
Waste

A. oryzae,
Candida tropicalis, 

T. koningii

- A. oryzae degrades pectin and
produces protein

- Candida tropicalis produces
protein

- T. koningii degrades cellulose
and produces protein

Zhou et al. (2019)

Fish Meal, 
Soybean 
Meal

Purple non-sulphur 
bacteria (PNSB)

- PNSB fermentation of waste with
treated wastewater

Liu et al. (2014)

Various waste materials have been successfully utilized for SCP production (Table 4). For 
example, potato residue, rich in carbohydrates but low in protein, undergoes a two-step 
fermentation process involving degradation of potato fiber using Aspergillus niger and 
subsequent fermentation using Bacillus lichenformis. Similarly, date palm waste and orange 
peel have been utilized for SCP production through yeast and microbial fermentation 
processes, respectively. Additional nitrogen sources may be added to substrates with low 
nitrogen content to facilitate fermentation and SCP production (Liu et al., 2014). SCP 
production from waste materials such as fish meal and soybean meal has also been achieved 
using purple non-sulphur bacteria. These microorganisms effectively control waste and aid in 
protein supplement production. Dilution of food waste with treated wastewater helps maintain 
the organic loading rate during fermentation, resulting in SCP production (Liu et al., 2014). 

In summary, SCP production from food industry waste offers a sustainable solution to both 
waste management and protein supplementation needs, contributing to resource efficiency and 
food security. 

CONCLUSION 

In recent years, the recovery and utilization of food industry waste have become increasingly 
important for the environment. The utilization of this food industry waste will also help to 
achieve better returns on investment made for waste recycling. It will also facilitate new 
effective research for environmental improvement. The availability of low-cost protein is 
important for serving rural areas. Therefore, combining the recovery and utilization of protein 
through inexpensive and eco-friendly processing of waste will help to supply sufficient 
protein to the growing global market. 
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Anahtar Kelimeler:

ABSTRACT

Pellet is a biomass-based fuel that has an important place among renewable energy sources. It 
stands out as an environmentally friendly alternative with its high energy density and 
standardized dimensions. It is generally produced by processing and compressing wood 
sawdust, agricultural residues, and other organic materials, thus utilizing idle biological 
materials. The combustion efficiency of pellets is higher than traditional wood fuels. The fact 
that they contain less moisture and are condensed provides cleaner combustion and less ash 
production. These features make pellet fuels a less environmentally damaging option and 
offer lower carbon emissions compared to fossil fuels. In this research, the effects of the 
moisture content, particle size and fiber structure of the basic feedstock used in the pellet 
production process on important quality parameters such as mechanical durability, energy 
density, combustion efficiency and sustainability of the pellets were examined. The main aim 
of the research is to examine the effects of feedstock properties on pellet quality and to 
determine how these factors can increase the efficiency of the production process and the 
quality of the final product. Research results have determined that the moisture content of the 
feedstock is an important factor in the palletization process. It has been observed that when 
feedstock with appropriate moisture content is used, the inter-particle adhesion force 
increases, and, as a result, higher-quality pellets can be produced. However, it has also been 
determined that high moisture content can cause serious problems such as mold growth and 
microbial spoilage during storage and transportation. In studies on the combustion efficiency 
of pellets, it has been determined that appropriate particle size increases energy efficiency by 
providing more effective air flow and heat distribution during combustion. This result shows 
that particle size has a significant impact on pellet combustion characteristics and therefore 
needs to be carefully controlled during the production process. It has been determined that the 
fiber structure of the raw material used has a significant effect on the mechanical strength and 
integrity of the pellets. In the research, it was determined that the use of feedstocks with 
suitable fiber structures increases the durability of pellets during transportation and use. This 
result shows that fiber structure is an important parameter in the pellet production process and 
the selection of feedstocks with appropriate fiber composition is a very important factor for 
the production of quality pellets. As a result of the research, on feedstocks in pellet 
production; it has been determined that proper management of moisture content, particle size 
and fiber structure can significantly increase the efficiency of the production process and 
pellet quality.

Key Words: Pellet production, biomass fuel, feedstock management, combustion efficiency, 
mechanical durability, energy density 
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Anahtar Kelimeler:

ABSTRACT

Pellet production is a critical process that converts biomass resources into solid fuels with 
high energy efficiency and portability. This process aims to obtain pellets with a high energy 
content, dense and homogeneous structure, by changing the physical and chemical properties 
of raw materials such as agricultural wastes and wood sawdust. The production process of 
pellets depends on a number of factors such as temperature, pressure, holding and resting 
times, conditioning, retention times and cooling. Each of these factors directly affects the 
quality, energy density and combustion efficiency of the pellets and must therefore be 
carefully controlled. The conditioning stage is an important process carried out before the 
pelletizing process, in which the moisture content is adjusted by adding steam or water to the 
raw material. During the pellet production process, heat ensures that natural binders such as 
lignin in the raw material melt and strengthen the structure of the pellets. Compressing the 
raw material particles under high pressure increases the density and mechanical strength of 
the pellets while also reducing the moisture content. High pressure allows the spaces between 
particles to decrease and binders such as lignin to disperse more effectively, allowing the 
pellets to have a tighter structure and retain their shape even under long-term storage 
conditions. The duration of temperature and pressure applied during the pelletizing process 
(holding time) and the time the pellets are left to cool and harden (resting time) also have a 
significant impact on the quality of the pellets. The holding time is necessary for adequate 
compaction of the raw material particles and activation of the binders, while the resting time 
is essential to increase the mechanical strength and stability of the pellets. These times have a 
direct impact on the quality of the pellets and the optimal values must be set according to the 
raw material properties and production conditions. The cooling process takes place after 
compression of the pellets and further strengthens the structure of the pellets by solidifying 
the lignin and other natural binders. Chilled pellets tend to be less damaged during storage 
and transportation because they are less fragile and more stable than hot pellets. Retention 
times mean that the pellets are kept under certain conditions for a certain period of time after 
production, and this process helps improve the final quality of the pellets. In this research, the 
process variables affecting the pellet production stage were examined in detail and the 
production conditions required for optimum production were discussed.

Key Words: Pellet production, process variables, temperature, pressure, conditioning, 
residence time 
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SOME NUTRITIONALLY IMPORTANT SPECIES OF ESSENTIAL OIL PLANTS, 
THEIR ECONOMIC IMPORTANCE 

Nakhchivan State University 

Ether has a reserve of valuable plants that can be applied in all directions of the national 

economy of essential oil plants. Due to its importance, the effective use of essential oil plants 

increases fodder production, medicine, food, leather, dyeing, etc. ensures the development of 

industrial areas. Most essential oil plants are medicinal plants and are widely used in 

phytotherapy.

Key words: food, plants, ether, important.

Introduction and purpose

Food security is defined as the state of "all people always having access to food of sufficient 

quality to lead a healthy and active life". As a rule, the concept of food security includes the 

ability of people to obtain food that meets both physical and economic food needs, including 

food preferences. Food security also depends on people's ability to have enough food at any 

time to maintain an active and healthy lifestyle. Food safety; includes measures to increase 

food stability and productivity in order to eliminate future food shortages due to risk factors 

such as famine, drought, wars, economic instability. Nutrient species of essential oil plants 

have high nutritional value. Therefore, research and study of essential oil plants is an urgent 

issue.

MATERIAL AND METHODOLOGY OF THE RESEARCH. 

The purpose of the study is volatile oil plants with nutritional importance. Classic and modern 
botanical-floristic, systematic, ecological, phytocenological, statistical methods were used in 
the research. [6, Talibov T.H., Ibrahimov A.S. Taxonomic spectrum of flora of Nakhchivan 
Autonomous Republic. Nakhchivan: 
The book "Taxonomic spectrum of flora of Nakhchivan Autonomous Republic" was used. 

When plants are grouped according to their useful properties, they are: fodder plants, 
medicinal plants, essential oil plants, edible food plants, honey plants, vitamin plants, fatty-oil 
plants, inoculant plants, dye plants, ornamental plants, greening and landscaping plants, 
cypresses , soda, tar, potash, etc. can be attributed to such groups (1). As a result of the 
research, it was determined that there are not few essential oil plants in Nakhchivan MR. The 
ability to produce aromatic oils mainly belongs to Apiaceae, Lamiaceae, Rutaceae, etc. 
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observed in more than 3000 plant species belonging to the families. But about 200 of them are 
of industrial importance. Cultivated and wild grass-type essential oil plants from essential oil 
plants - coriander, juniper, basil, cumin, cumin, patchouli, fennel, marsh lily, etc. is used for 
this purpose. The highest quality essential oils are found in plants belonging to the families 
Zingiberaceae, Santalaceae, Lauraceae, Rosaceae, Geraniaceae, and Rutaceae. Mint, parsley, 
thyme, rosemary, etc. Medicinal plants such as are also belong to the group of essential oil 
plants and have nutritional value. When plants are grouped according to their useful 
properties, they are: fodder plants, medicinal plants, essential oil plants, edible food plants, 
honey plants, vitamin plants, fatty-oil plants, inoculant plants, dye plants, ornamental plants, 
greening and landscaping plants, cypresses , soda, tar, potash, etc. can be attributed to such 
groups (1). As a result of the research, it was determined that there are not few essential oil 
plants in Nakhchivan MR. The ability to produce aromatic oils mainly belongs to Apiaceae, 
Lamiaceae, Rutaceae, etc. observed in more than 3000 plant species belonging to the families. 
But about 200 of them are of industrial importance. Essential oils from cultivated and wild 
herbaceous plants are used in the food industry as essential oils for liquor, food grade, tobacco 
flavoring, etc. is used as It is being used. Coriander and cumin seeds are added to bread and 
some foods to improve the taste. Essential oils are used in medicine and hygiene due to their 
antiseptic and healing properties (camphor as a heart medicine, anefol cough medicine, clove 
oil as a dental medicine, eucalyptus oil as an anti-microbial parasite and anti-parasitic agent). 
Some essential oils are used to improve the taste of medicines. Essential oil plants are used as 
a spice (flower, jasmine, lavender oil), in the confectionery industry, in the preparation of 
flavored water (lemonade) and in the food industry (flavoring). Essential oils are extracted by 
3 methods: steam distillation (the most common method), extraction and pressing. After the 
fatty oils are removed by extraction and pressing, the volatile oils are extracted (2).

Heracleum trachyloma Fisch. & C.A.Mey. 

The stem is branched, the upper leaves are bare, the lower part is gray, softly hairy, hairy and 
has 2-3 pairs of segments, the lower parts have short stems. The last chapter is deeply divided 
into three parts. The umbrella has many rays. The flowers are white. It is widespread in 
forests and meadows of the middle and subalpine zone, along water edges. Ch. and M. VI, 
VII-VII, VIII. It is common in subalpine regions in mountain meadows, irrigated streams and
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Chemical content. The plant contains essential oils and these include ethylbutyrate, 
methylcapronate, hexylbutyrate, hexylacetate, hexanol, coumarins umbelliferone, sfondine, 
bergapten, xanthotoxin, isopimpinellin, pimpinellin, fallopterin and others. 

Medical significance. The essential oils in the seeds have antibacterial and fungicidal activity. 
Since ancient times, the stem, leaves and roots of this plant have been used in folk medicine to 
increase appetite and treat nervous diseases. The great physician Ibn Sina treated purulent 
wounds and ulcers with the juice of the plant. In European countries, fresh plant barks and 
leaves are applied as an infusion to prevent gastritis and enteritis. It is possible to treat wounds 
and boils on the skin with the powder obtained from dry leaves. In scientific medicine, the 
extract obtained from the green parts of the plant is used as an expectorant. Many preparations 
used in liver, bronchitis and bronchial asthma diseases are prepared from coumarin substances 
obtained from the root of the plant. In folk medicine, an aqueous infusion or cooking is 
prepared from the leaves and fruits of celery and used to relieve inflammation in 
gastrointestinal diseases and also in the treatment of nervous diseases, especially epilepsy. It 
belongs to medicinal plants that calm the nervous system. (3).  

Mentha longifolia L. (Lamiaceae Lindl.). 

Long-leaf mint (Mentha longifolia L.) is a perennial, creeping plant 30-100 cm tall. The trunk 
is straight, usually branched, square in section, softly hairy, whitish in color. The leaves are 
sessile, pointed at the tips, oblong-oval, sometimes oblong-lanceolate, with saw-toothed 
edges, grayish green on the upper part, hairy on the bottom, white felt. The flower cluster 
forms a dense, cylindrical spike at the end of the trunk or branches. Calyx is bell-shaped, very 
hairy, crown 4-5 mm, pink. The pods are oval and hairy on the upper part. It blooms in June-
August and bears fruit in September-October. 

Chemical content: It is rich in coumarin, flavonoid, essential oil, vitamins C, K, PP, E, 
vaccines, steroid, anthocyanin, phenolcarbon and organic acids. 
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Medical importance: Long-leaf mint: It is used as an effective medicine to lower blood 
pressure. The air part is used in the food and spice industry as well as in the pharmaceutical 
and cosmetic-perfume industry. It is a decorative plant that produces honey and pollen. It is 
used as a flavoring agent in meals and tea brewing. How to prepare and use: Brew 1 
tablespoon in 2 glasses of boiling water like tea. It is recommended to drink 1 glass 3 times a 
day 30 minutes before meals (1,2,5). Watermelon Mentha Aquatica L., which grows in 
swampy areas, contains 0.8% essential oil, the main part of which is carvone. Insulin is the 
most important biologically active substance used in medical and pharmaceutical practice in 
the treatment of various diseases, especially diabetes (4). It is very important to identify plants 
containing insulin in our flora. Most of the essential oil plants are medicinal plants. 

Foeniculum vulqare Mill. 

Fennel (Foeniculum vulgare Mill.) is an annual, biennial and perennial herbaceous plant 
belonging to the Apiaceae family. The perennial form is grown. The root of this form is the 
fleshy spindle root. The trunk is round, weakly ribbed, hollow, strongly branched, 1.5-2 m 
high. The leaves are alternating, large, sheathed, bare, divided into numerous hairs, and 
consist of threadlike parts. The leaves in the lower part of the stem are large and long-stalked, 
while those in the upper part are stemless (color photo 26). Because of its value, it is grown as 
a biennial plant. It is grown as a biennial plant due to its productivity. The flower group is a 
complex umbrella. Small, yellow flowers are located in an umbrella shape at the top of the 
stem. There are 4 petals and stamens. The tooth is ribbed. It has a two-lobed, low ovary. Its 
fruit is oblong-cylindrical and has two seeds. It is up to 14 mm long. Seeds are shed during 
ripening. Dill is a heat-loving plant. Its seeds begin to germinate at 6-8 0 C. The optimum 
temperature for seed germination is 200C. Winters are good in the southern and western 
regions. During the vegetation period, the temperature must be above 25000C. It needs heat 
especially during flowering and ripening. Dill is a plant that loves light and moisture. In shady 
and gloomy weather, the growing season, especially flowering and seed ripening, is delayed. 
The greatest demand on soil moisture is during the germination period of the seed and the 
period from stem beginning to full bloom. Drought during flowering is undesirable. Suitable 
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soils for dill are well-cultivated fertile black soils and washed soils brought with water. Heavy 
clay, waterlogged and swampy soils are not suitable for fennel. (5). 

Chemical conten: In addition to essential oil, the fruit contains 16-18% fat and 27% protein. 
Fennel seeds contain 4-6% essential oil. For this reason, anise is also grown to obtain essential 
oil. The most valuable component of essential oil is the aromatic substance called anethole. 
The essential oil and anethole it contains are used in the food, perfumery-cosmetics and 
pharmaceutical industries (4). 

Medical importance: All fennel fruits are used in the food industry and medicine. Its fruits are 
used for medicinal purposes. In September, they collect the fruits shortly before they ripen, 
dry them in the open air for a while, separate them from other mixtures in a special machine 
and deliver them to the pharmacy warehouse. Fennel fruit is widely used in scientific 
medicine as an emollient and expectorant cough medicine in diseases caused by colds, 
especially in inflammations of the respiratory tract, as well as in gastrointestinal diseases as a 
means of improving digestion and preventing foaming. Fennel fruit is also taken in the form 
of infusion and cooking for gallbladder inflammation and kidney diseases. In folk medicine, 
fennel is brewed as tea and used as a remedy for abdominal pains, spasms and foams that are 
common in children. For this purpose, mixing equal amounts of fennel fruit with dried mint 
leaves and brewing it gives very good results. 

Discussion and conclusion 

As a result of literature research and research, it became clear that it is impossible to imagine 
our cuisine without essential oils, nutritious and aromatic herbs. Essential oil plants are also 
used as natural medicine. Each has its own benefits. During the research, the benefits of 
essential oil plant species that are important in terms of nutritional value were investigated 
and it was concluded that the rich plant resources of the Nakhchivan Autonomous Republic, 
especially essential oil plants, can be used to provide valuable plant raw materials to the 
confectionery and medical industry. materials. In addition to being beneficial to 
environmental health, the oils obtained from these can also be used for technical purposes in 
various industries. 
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ANTIOXIDANT EFFECT AND QUANTIFICATION OF PHENOLICS OF 
ONOBRYCHIS VICIIFOLIA 
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ABSTRACT

Medicinal plants gain remarkable attention in the drug invention owing to their bioactive 

compound contents. Recently, on account of the side effects of synthetic products, there has 

been a rapid increase in the tendency towards natural products. The discovery of morphine, 

strychnine, and quinine was a milestone in natural product chemistry. Nowadays, many 

natural compounds are used effectively in the food, pharmaceutical, and cosmetic industries. 

This study aims to present the antioxidant activity of Onobrychis viciifolia and to determine 

the phenolic compounds in the stem. Initially, the extraction of Onobrychis viciifolia stem 

was conducted in methanol. The mixture was filtered, and the solvent was removed to 

produce the crude extract which was used for quantitative analysis and antioxidant activity. 

DPPH free radical assay and ABTS radical cation assay were used for antioxidant activity. 

Quantitative analysis of bioactive compounds in the extract was detected by LC-MS/MS. 

Onobrychis viciifolia stem extract revealed considerable antioxidant activity. Quantitative 

analysis resulted in the identification of shikimic acid (0.9

molecule, is an important intermediate in the biosynthesis of most alkaloids of plants. 

Hesperidin is an important flavonoids that display significant biological activities. Onobrychis 

viciifolia can be a good source of these compounds for isolation.  

Keywords: Onobrychis viciifolia, natural products, spectroscopy, secondary metabolites. 

INTRODUCTION

Natural product chemistry consists of the scientific study of natural sources including 

extraction, structural identification, quantification of secondary metabolites, physical and 

chemical properties, and synthesis (Newman & Cragg, 2007). The natural compounds are 

generated by the pathway of primary or secondary metabolism. Primary metabolites such as 

carbohydrates, proteins, and fatty acids play a direct role in growth and reproduction. 

However, secondary metabolites such as terpenoids, phenolic compounds, and alkaloids have 

an ecological function . The secondary 

metabolites have a wide range of effects on the plant itself and other living things. They play 
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a key role in flowering, holding, and dropping of fruits in plants. In addition to the 

antimicrobial effect, they also play an attractant or, conversely, a repellent role. The most 

medicinally important properties of flavonoids are their ability to scavenge free radicals 

(Erenler et al., 2014). Flavonoids are plant pigments that often display spectacular colors in 

plants. Flavonoids consist of a group of polyphenolic compounds (Aksit et al., 2014).

Flavonoids are also valuable for human health due to their high biological activity (Elmast

et al., 2015). The possible health advantages stemming from the antioxidant activities of these 

compounds have recently led to an increase in interest in these substances. Because of their 

strong antioxidant activity in vivo and in vivo, flavonoids are regarded to have health-

promoting characteristics as a dietary component (Elmastas et al., 2016; Erenler et al., 2016a). 

Free radicals such as superoxide, hydroxyl, and peroxyl, are extremely reactive and are 

formed in the oxidative process in mammals (Erenler et al., 2016b). The human body 

develops some enzymes against oxidative stress. Poor lifestyle and environmental factors 

cause the natural antioxidants in mammals to become insufficient, and the extra free radicals 

can harm the cell membrane and task. Thus, free radicals may lead to degenerative illnesses 

such as Alzheimer's, acute liver toxicity, cardiovascular diseases, atherosclerosis, diabetes, 

rheumatism, inflammation, and DNA destruction (Erenler et al., 2017a). Antioxidant-based 

drugs are used to prevent these diseases. Recently, interest in using natural antioxidants for 

use in foods, cosmetics, and medicine has increased significantly, replacing synthetic 

antioxidants. Antioxidant phytochemicals, especially phenolic compounds, found in 

vegetables, and fruits are receiving increasing attention due to their potential role in 

preventing human diseases. Human can use antioxidants both in their diet, as a food 

supplement, and as medicine (Erenler et al., 2017b).

Sainfoin (Onobrychis viciifolia Scop.) is a perennial forage legume. It provides good feed 

efficiency due to its early growth. The genus Onobrychis includes fifty-four species of which 

O. viciifolia is of the most agronomic importance (Regos et al., 2009).

Herein, a quantitative analysis of phenolic compounds in the methanol extract of Onobrychis 

viciifolia stem was conducted and antioxidant activity was carried out. 

MATERIALS AND METHODS 

Quantitative analysis of phenolic compounds 

Quantitative analysis of phenolic compounds was determined by LC-MS/MS analysis using 

reverse phase column (Poroshell 120 EC-C18). Onobrychis viciifolia stem (5.0 g) was 

extracted with methanol (50 mL). After filtration, the solvent was removed by a rotary 

evaporator to yield crude extract (0.5 g). The crude extract (100 mg) was dissolved in 

methanol (10 mL), vortexed, and filtered (0.45 mm filter paper). The solution was diluted by 

methanol-water (1/1) until the concentration was 2 ppm and then injected into the instrument 

(Erenler et al., 2023).  

672



Antioxidant Activity

Antioxidant activity of Onobrychis viciifolia stem (methanol extract) was carried out using 

the DPPH free radical scavenging technique and ABTS radical cation scavenging technique 

using the reported study (Erenler & Dag, 2022). 

The quantitative analysis of bioactive compounds in the methanol extract of Onobrychis 

viciifolia stem was conducted using LC-MS/MS. Shikimic acid (0.942 

c acid 

bioactive compounds were also detected in Onobrychis viciifolia stem. The activity may be 

attributed to the chief compounds present in the extract or to the synergistic effects of the 

compounds.  

Shikimic acid is a natural molecule isolated from Illicium verum. Moreover, chemical 

synthesis methods, fermentation, and isolation of this molecule from some plants are the 

methods to produce shikimic acid. This molecule acts as an intermediate for the shikimic acid 

pathway. Therefore, the existence of shikimic acid in Onobrychis viciifolia stem contributes 

to the nutritional importance of food. Caffeic acid found in many aromatic and medicinal 

plants plays an important role in the survival of plants. It is synthesized through the secondary 

metabolism of plants. This molecule inhibits the growth of bacteria, and insects 

. 

Table 1. Quantitative analysis of phenolic compounds from Onobrychis viciifolia stem 

(

Compound RT Conc
Shikimic acid 1.41 0.942
Gallic acid 3.23 0.004
Protocatechuic acid 6.08 0.006
Chlorogenic acid 7.11 0.014
Hydroxybenzaldeyde 7.6 0.003
Caffeic Acid 7.77 0.002
Syringic acid 8.41 0.021
Vanillin 8.66 0.002
o-coumaric acid 9.39 0.005
Salicylic Acid 9.54 0.016
Trans-ferulic acid 10.12 0.004
Sinapic acid 10.77 0.003
p-coumaric acid 11.54 0.001
Hesperidin 11.84 0.446
Fisetin 13.44 0.002
Naringenin 15.07 0.003
Hesperetin 15.87 0.003
Kaempferol 16.12 0.012
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RT: Retention time 

Figure 1. Natural compounds found in Onobrychis viciifolia stem methanol extract 

Antioxidant activity of the methanol extract of Onobrychis viciifolia stem (Ovs) was carried 

out and it displayed a considerable antioxidant effect. In the DPPH assay, Ovs displayed high 

 (IC50

Moreover, the ABTS radical scavenging effect of Ovs was calculated as 7.2 14 (IC50,

8.25 27, IC50

and ABTS activities of Onobrychis viciifolia stem were determined lower than that of the 

standards BHA and Trolox (Table 2). Aromatic and medicinal plants were reported to display 

good antioxidant activity due to their bioactive compound contents. Althaea officinalis 

flowers were reported to display a good antioxidant effect (Elmastas et al., 2004). In addition, 

the flavonoids were isolated and identified from Allium vineale and they displayed a good 

antioxidant effect (Demirtas et al., 2013). Another study was conducted on the Echinacea 

purpurea. The results indicated that this plant consisted of bioactive compounds and it showed 

good antioxidant activity (Erenler et al., 2015). 

Table. Antioxidant activity of methanol extract of Onobrychis viciifolia stem (Ovs) 

Samples *DPPH *ABTS
Ovs 0.34c c

BHT d d

BHA b a

Trolox a b
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* IC50 (

means values. Values followed by the same letter are not significantly different. 

CONCLUSSION 

Quantitative analysis of phenolic compounds of Onobrychis viciifolia stem resulted in the 

determination of significant biological active compounds. The antioxidant activity of this 

plant may be due to these compounds of synthetic effect of the combination of these 

compounds. 
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ABSTRACT

Introduction and Purpose: Aromatic and medicinal plants have been used extensively for 
traditional medicine and food since ancient times. After the advancement in spectroscopy, the 
importance of secondar metabolites in plants began to be understood. Hence, plants became 
the focus of science. A great number of secondary metabolites have been isolated and 
identified from plants. Some of them have been used as medicine for various illness. Within 
this scope, the aim of this study is the quantitative analysis of bioactive compounds in 
Melilotus officinalis leaves. Materials and Methods: Melilotus officinalis leaves were 
extracted with methanol for 24 hours at room temperature. After the filtration, the solvent was 
removed under reduced pressure to yield the crude extract. Quantitative analysis of natural 
compounds in crude extract was determined by LC-MS/MS (Agilent 1260 Infinity II). The 
revese phase column was used (Poroshell 120 EC-C18). Formic acid (0.1%) and ammonium 
formate (5.0 mM) in water A, formic acid (0.1%) and ammonium formate (5.0 mM) in 

The gradient program was adjusted as 20% for 1-15 min, 40% for 16-25 min, 80% for 26-35
min, and 30% for 36-40 min was applied in the B mobile phase. Results: Quantitative 
analysis resulted in the identification of nineteen compounds. The main compounds were 

Discussion and 
Conclusion: Pharmaceutically important compounds were detected in Melilotus officinalis
leaf extract. Therefore, this plant can be a good source of identified major compounds. An 
advanced study should be performed to isolate and identify the compounds and the usage of 
these compounds in the drug development process should be investigated.

Key Words: Melilotus officinalis; Natural Products; Spectroscopy; Secondary metabolites. 
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Melilotus officinalis 

Melilotus officinalis 

-MS/MS ile 

olarak belirlendi. Melilotus officinalis 

tespit edildi. 

Anahtar Kelimeler: Melilotus officinalis

gelmektedir (Khodja et al., 2023)

(Hadjra et al., 2023)

bir

(Newman et al., 2002)

Flavonoidler, antioksidan hipokolesterolemik hipoglisemi, kemik 

-

(Dede et 

al., 2019; Erenler et al., 2023a)

(Erenler et al., 2022; Karan et al., 2018).

Onkogenlerin ve 
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son

(Dunlap et al., 2007; Newman & Cragg, 2007). 

-

(Erenler et al., 

2018b).

bile

(Barbosa-Filho et al., 2006). 

-D-

triterpenler ve te (Bayir et al., 2014; Erenler et al., 2018a; 

Kaya et al., 2014)

al., 2014). 

Melilotus officinalis 

MATERYAL VE 

Quantitative analysis of phenolic compounds 

-

LC-MS/MS ile belirlendi. Melilotus officinalis  (10.0 g), metanol (150 mL) ile 

-su (1/1) ile konsantrasyon 2 ppm olana kadar seyreltildi ve 

daha sonra cihaza enjekte edildi (Erenler et al., 2023b). 
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Melilotus officinalis 

kantitatif olarak LC-MS/MS il

Kumarinler (2H-1-benzopiran-2-on) bitkilerde bul

-

- n olarak hidroksisinnamik asit ve lakton olarak 

bilinir. Kumarinler ilk olarak Dipteryx odorata

Clusiaceae, Guttiferae, Caprifoliaceae, Oleaceae, Nyctaginaceae ve Apiaceae'dir. Kumarin, 

anti-

r.

(Murray, 1989). Rutin, quercetin (flavonol) ve rutinozun (disakkarit) bir 

-karsinojenik ve anti-

-

(Imani et al., 2021).
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Tablo. Melilotus officinalis 

RT Kons.
Gallik asit 3.23 0.003
Klorgenik asit 7.11 0.002
Hidroksibenzaldehit 7.60 0.002
Kafeik asit 7.77 0.001

8.41 0.023
Vanilin 8.66 0.002
o-Kumarik asit 9.39 0.005
Salisilik asit 9.54 0.035
trans-Ferulik asit 10.12 0.004
Sinapik asit 10.77 0.035
p-Kumarik asit 11.54 0.001
Kumarin 11.57 2.823
Hesperidin 11.84 0.025
Izokuersetin 11.81 0.007
Rutin 12.39 0.087
Quercetin-3-
Ksilozid

12.25 2.800

Fisetin 13.44 0.030
Krisin 14.44 0.087
Naringenin 15.07 0.030
Hesperetin 15.87 0.003
Kaempferol 16.12 0.020
Dihidrokapkaisin 18.70 0.020

Melilotus officinalis 

kantitatif olarak belirlendi. 

lerin, 

Melilotus officinalis 

rmakolojik etkiye sahip 
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ABSTRACT

The importance of health and safety at work is primarily focused on the well-being of
workers; however, current trends recognize that a safe and healthy work environment is a
decisive factor for the success of organizations/companies, and the investment in measures
that protect the safety and health of workers currently plays a crucial role in competitiveness.
In Portugal, despite all legal requirements, work with tractors continues to record a high
number of accidents with victims (many fatal), with an accident rate above the European
mean value. As various studies and official statistics prove, the agricultural sector has an
incidence of accidents at work above the average value of other sectors of activity, it is
important to understand the specificities of this sector and the role of risk assessment in
improving working conditions in agriculture, as well as in reducing the number and severity
of workplace accidents recorded in this sector. In this work we address occupational safety in
agriculture, particularly the risks associated with the use of tractors, discussing preventive
safety measures that, when applied, contribute to reducing accidents and their consequences.

Key Words: Occupational safety in agriculture; OSH, Tractors.

1. INTRODUCTION

The strong competitiveness is a hallmark of the 21st-century market economy. Since workers
are the driving forces of organizations, this competitiveness impacts their lives in several
aspects. An evident consequence of organizations' responses to the challenges of
competitiveness, with a focus on profit, is the increase in the level of demand for the tasks
performed by their workers (specificity, diversity, rhythm, ...), which, inevitably, is reflected
in workers' health and safety.

Although the focus on profit results in increased demands and more risks for workers, it has
been shown that investment in measures that protect the safety and health of workers
currently plays a crucial role in competitiveness, recognizing that a safe and healthy
environment is a determining factor in the success of organizations. The path to this healthy
and safe working environment aims to eliminate workplace accidents, which involves
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increased attention to conditions that pose risks to workers, as well as training workers and
raising their awareness of risks, hazards, and safe behaviors (Jones et al, 2020).

Improving working conditions has been a priority and is already a reality, however there is
still much to be done, especially in sectors where the number of work accidents, and fatal
accidents in particular, is still high. Therefore, there continues to be a pressing need to
improve occupational health and safety conditions in the European Union, both because of the
lives that are lost and because of the high costs associated with accidents and occupational
illnesses, which reach hundreds of billions of euros per year. Agriculture and forestry are
recognized as some of the riskiest professions in Europe, marked by a notable frequency of
accidents that pose challenges to the sustainability and viability of these sectors. In the last ten
years, there has been an annual average of over 500 reported fatalities in the agriculture and
forestry sector, in addition to more than 150,000 non-fatal accidents (Eurostat, 2017).

As studies by various authors and statistics presented by different official entities prove, the
agricultural sector has an incidence of accidents at work above the average value of other
sectors of activity. Not aiming to address all aspects of agricultural work and the associated
risks, our work focuses on the use of agricultural tractors.

The paper is organized as follows. In Section 2, we highlight the importance of risk
assessment for improving working conditions and reducing occupational accidents and
diseases. In Section 3, we focus on the risks associated with work in the agriculture sector,
specifically the risks of working with tractors. In Section 4, we present some final remarks.

2. THE IMPORTANCE OF RISK MANAGEMENT

Professional risk assessment is a systematic process that involves the identification, analysis,
and evaluation of potential hazards and the risks associated with each hazard in various work
activities. One of the most important stages in this process is the identification of hazards, as
an unidentified hazard can result in various risks that may not be assessed and mitigated. The
goal is to determine the probability and severity of these risks, thus enabling the
implementation of preventive/corrective measures to protect the health and promote the safety
of workers.

The Professional risk assessment is crucial for creating safer and healthier work
environments, meeting legal requirements, and fostering an organizational culture focused on
preventing occupational accidents and illnesses.

The management of professional risks is crucial for the health, safety, and efficiency of
organizations as it contributes to preventing workplace accidents and occupational diseases,
leading to lower costs associated with compensations, medical treatments, and production
disruptions. Proactive risk management can result in improved operational efficiency and
more controlled costs. Compliance with current occupational health and safety legislation not
only avoids fines and penalties but also demonstrates the company's commitment to the well-
being of its workers. Workplace accidents related to professional risks can have a significant
impact on a company's reputation. Effective management of these risks contributes to
maintaining a positive image with clients, investors, and the community at large.
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In summary, professional risk management is essential for creating safe work environments,
complying with legal obligations, preserving the company's reputation, and ensuring the
health and well-being of workers, all while contributing to operational efficiency and
organizational sustainability.

3. RISKS ASSOCIATED WITH WORKING WITH TRACTORS

Regardless of the professional activity, risk management plays a crucial role in ensuring
adequate health and safety conditions for workers. In the case of the agricultural sector, this
risk management has to deal with a variety of factors, since this sector has numerous
specificities, which distinguish it from other sectors of activity. These specificities are, among
others:

the existence of a large proportion of independent workers;
the predominance of outdoor activities, which subject workers to the elements,

whether summer or winter, sometimes in isolated locations, with irregular topography;
the use of a wide range of agricultural machinery and tools;
the use of agrochemicals;
contact with animals;
the maintenance and repair of machinery is often carried out by the agricultural

workers themselves.

All of this represents dangers that unfold into numerous occupational risks.

In addition to the factors mentioned above, in Portugal, the size and type of companies in the
agricultural sector can also be highlighted as relevant to working conditions and the
assessment of occupational risks in this sector. As evidenced by the data presented in Figure
1, out of the 40,483 companies in the agricultural sector in Portugal, 97.29% are small or
micro-sized enterprises (small or very small-sized companies) (Banco de Portugal, 2023).
Other characteristics of agricultural sector companies in Portugal that may contribute to
workplace accidents include deficient organization, strong dependence on seasonality, and the
aging of the Portuguese agricultural business fabric (ACT, 2013, MADP, 2007).

Figura 1: Size classes of agricultural companies in Portugal (2022)
Fonte: Banco de Portugal (2023) https://bpstat.bportugal.pt/conteudos/publicacoes/1294

Regarding the workplace accidents recorded in the Agriculture, Animal Production, Hunting,
Forestry, and Fishing sector in Portugal, the data for the years 2019, 2020, and 2021 reveal
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alarming statistics, both in the total number of accidents (Table 1) and the number of fatal
accidents (Table 2), despite observing a decreasing trend in these numbers.

Machines and tractors account for most agricultural work accidents, with Portugal being one
of the European countries with the highest number of tractor-related accidents.

The risks of working with tractors have been widely discussed in the literature, with several
risk factors identified. Among the risks mentioned in the literature we can highlight:

lack of protective structures;
work on inclined areas;
non-use of restraint systems;
lack of adequate training;
operation in extreme conditions;
neglect of safety rules.

Regarding accidents involving agricultural tractors in Portugal, the identified risks considered
most relevant are:

Overturning;
Falls from height;
Entanglement / Crushing;

Collision with other machinery;
Runovers.

More specifically, concerning the victims of these accidents, the literature highlights that:

The main victims of accidents involving agricultural tractors are the drivers
themselves, especially in fatal accidents;

The highest number of drivers killed and severely injured results from rollover
accidents;

The elderly 65) represent more than half of the victim drivers.
Tractors aged over 20 years account for one-third of the vehicles involved in

accidents.

The majority of tractor accident victims belong to microenterprises, predominantly male, and
the most common causes involve the total or partial loss of machine control, leading to
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accidents, primarily involving crushing incidents, representing 60% of cases according to the
Portuguese labor authority (ACT, 2013).

Approximately 70% of tractor accidents occur on rural roads, followed by national and
municipal roads, according to the National Road Safety Authority. Additionally, 17% of the
accident victims tested positive for alcohol in their blood, with 10% having a concentration
equal to or exceeding the permitted limit in Portugal.

Tractor owners should implement a preventive maintenance program to ensure that tractors
are in good working condition and perform daily checks before use to identify potential
mechanical issues. Consider installing rollover protection structures and seat belts (restraint
systems).

Establish safety zones around tractors and implement measures to keep workers and others at
a distance during operations, possibly even signaling tractor operating areas to warn of
potential danger.

Consider installing speed limiters on tractors, especially in uneven terrains. Ensure tractors
are equipped with adequate lighting for nighttime operations.

Conduct specific risk assessments for the agricultural activities in question. Identify and
address specific risks related to soil type, terrain slope, crop type, among others.

Promote a safety culture where all workers are aware of the importance of safety in tractor
use.

CONCLUDING REMARKS

Portugal is one of the European Union countries with the highest number of workplace
accidents, and the agricultural sector is one of the industries reporting the highest number of
accidents. The specificities of agricultural work entail a multitude of risks associated with this
activity, but other particular factors in each country can add further hazards to the work. In
Portugal, in addition to the risks traditionally associated with agricultural work, there is also
the influence of factors such as the small size of the vast majority of companies in the sector,
the weak organization of these companies, and the aging workforce.

Considering competitiveness as one of the challenges for small businesses and the impact of
workplace accidents in companies with few employees as an exacerbating factor, a proper risk
assessment and increased concern for working conditions and worker training (even without
substantial financial investment) can contribute to ensuring the future and economic health of
these companies.
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ABSTRACT 

Today, the development and change that occur with technology is significant in every field. 
These changes increase energy and food supply along with population growth. Increases in 
energy and food supply cause environmental pollution, and as a result of damage to the 
environment, both the ecological footprint and global warming increase. Therefore, it is 
important to determine the relationships between population growth rate, economic growth 
and ecological footprint for sustainable agricultural production. Therefore, the main purpose 
of this study is to examine the relationship between population growth rate, ecological 
footprint, economic growth, agricultural imports and exports and agricultural added value in 
Turkey for the period 1987-2021. The share of agricultural output in GDP (agricultural value 
added) is taken as the indicator of the agricultural sector. The data of the study will be 
analyzed with the Augmented ARDL method. In the literature, there are very few studies 
examining the relationships between Turkey's agricultural added value and population growth 
rate, economic growth, agricultural imports, agricultural exports and ecological footprint 
variables. Additionally, the ARDL method was used in most of the studies. In this study, 
unlike other studies on the subject, the extended ARDL method was used. From this 
perspective, the study will contribute to the literature by filling the gap in this field. When 
studies in the literature were examined, it was found that there was a relationship between 
agricultural production, economic growth and ecological footprint variables. According to the 
results obtained in this study, a positive relationship was found between agricultural exports, 
population growth rate, economic growth and agricultural production coefficient, and a 
negative relationship was found between ecological footprint and agricultural added value. 
Finally, no significant relationship was found between agricultural imports and agricultural 
added value. 

Key words: Agricultural Economics, Ecological footprint (EF), Population Growth Rate, 

Economic Growth, Extended ARDL 
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(Dellal, Mccarl ve Butt, 2011). 

emisyonun Huang ve Cai, 2015; Zhang, Tan, Yu ve 
Zhang (2020

20

Zhang, Wang ve Bahaj, 2014). Benzer 
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Tablo 1.

Yazar Bulgular

(2014) Asya 
1975-2011 CO2, AGR, Panel ARDL 

ve PMG

Khalid vd., 
(2016)

1990-2014
CO2, sermaye, 
AGRE, 

Panel OLS

Jebli ve 
Youssef 
(2017)

Tunus 1980-2011
AGR, ticari 

VECM 
nedensellik

Zafeiriou 
ve Azam 
(2017)

Fransa, 
Portekiz ve 

1992-2014 CO2 ve AGR ARDL, 
VECM 
nedensellik

bir nedensellik 

Waheed 
vd., (2018)

Pakistan 1990-2014 CO2, REN, 
AGR ve orman 

ARDL 

esi, VECM 
nedensellik nedensellik 

(2018)
10 1990-2016 GDP, AGR, 

CO2, LAND, 
Panel OLS

Jebli ve 
Youssef 
(2019)

Brezilya 1980-2013 CO2, GDP, 
CRW ve AGR

ARDL, 
VECM 
nedensellik

nedensellik 

Ngarava 
vd., (2019) Afrika

1990-2012 CO2, AGR, 

elektrik 
enerjisi

ARDL, 
Granger 

nedensellik 

Olanipekun 
vd., (2019)

Afrika 1996-2015 EFP, GDP, 
REN, 
AGR ve RQ

Emirmahmu
to glu ve 
Kose 
Granger 

Ekolojik ayak izi 

Qiao vd., G20 1990-2014 CO2, GDP, Panel 
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(2019 AGR ve REN VECM 

nedensellik 

Pakdemirli 
(2020)

1961-2018 AGR ve CO2 ARDL, 
VAR

Wang
(2022)

1985-2019 AGR, CO2, 
LAND, GDP, 
AGR ihracat 

ARDL, 
Johansen 

esi

pozitif  

Jebli ve 
Youssef 
(2017)

1980-2011 REN, GDP, 

emisyonu

,  OLS, 
FMOLS ve 
DOLS nedensellik 

Liu vd. 
(2017)

(Endonezy
a, Malezya, 
Filipinler 
ve 
Tayland)

1971-2013 REN, GSYH, 
AGR ve CO2 
emisyonu

, OLS, 
FMOLS ve 
DOLS

emisyonunu 

Waheed vd. 
(2018)

Pakistan 1990-2014 AGR, REN 

alan ve CO2 
emisyonu

ARDL, 
FMOLS ve 
DOLS

istatistiksel 
olarak bir etkisi 
yoktur.

(2019)

2012 GDP, AGR, 

istihdam, temiz 

ekonominin 

modellemesi
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(2020)
1968-2014 AGR, GDP, 

REN

CO2 

ARDL

yenilenemez 

ticari 

emisyonunu 

(2020)
1968-2016 CO2, GDP, 

AGR, REN ve 
LAND

ARDL

arazi CO2 
emisyonunu 

nedensellik 

Pata (2021) 1971-2016 Model 1: EAG, 

REN ve AGR.

REN ve AGR. 

-

ve Fourier 
Toda-
Yamamoto 
nedensellik

nedensellik 

Youssef, 2017).  
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Tablo 2: 

Seriler Kaynak

TARIM
(%GDP)

1987
2021

TRIHRCT

TRITHLT

GRW

NFSAH

EAIZI Ekolojik ayak izi GFN

ekonomik mode

(1)

GRW, NFSAH ve EAIZI 

Tablo 3: 
TARIM TRIHRCT GRW NFSAH EAIZI TRITHLT

Ortalama 10.5722 1.0404 4.6893 1.4745 2.9247 3.4499
Medyan 9.1653 0.6541 5.7632 1.4296 2.9754 2.9464
Maksimum 17.8184 3.3132 11.4393 2.0227 3.4762 6.0432
Minimum 5.5337 0.3687 -5.7501 0.7967 2.3256 2.2453
Standart Sapma 4.1178 0.7935 4.5466 0.2855 0.3767 1.0797

0.5227 1.4732 -0.7536 -0.0881 -0.1506 0.7417
1.7251 4.3057 2.8082 3.0063 1.5841 2.3371

Jarque-Bera 3.9644 15.1471 3.3664 0.0453 3.0556 3.8503
0.1377 0.0005 0.1857 0.9776 0.2171 0.1458

ndaki 
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-

.  

METODOLOJI 

IND

verebilmektedir (Ahmed vd. 2022: 775 - 776). n
OVERALL, tDV ve FIDV
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vd. 2018
gibi ifade edilebilir:

                                                                 (2) 

                                                                                                  (3) 

                                                                               (4) 

FOVERALL, tDV ve FIDV

gerekir. FOVERALL Narayan (2005) makalesindeki, tDV

makalesindeki ve FIDV

verilir. 

TRIHRACAT, TRITHLT, GRW, NFSAH ve EAIZI
-J (2006) 

VERI ANALIZI VE BULGULAR 

1979 1988)

Tablo 4: 

ADF PP
Seri %1 %5 %1 %5
TARIM -1.8983 -4.2529 -3.5484 -2.0825 -4.2528 -3.5484

-3.939 -4.2967 -3.5684 -5.4765 -4.2627 -3.5529
TRIHRCT -2.1766 -3.6999 -2.9763 -1.8385 -3.6394 -2.9511

-8.3131 -3.6463 -2.9541 -8.1015 -3.646 -2.9541
TRITHLT -2.4495 -3.6394 -2.9511 -2.4495 -3.6394 -2.9511

-6.4526 -3.6463 -2.9541 -6.6091 -3.6463 -2.9541
GRW -6.2389 -3.6394 -2.9511 -6.6309 -3.6394 -2.9511
NFSAH -3.0553 -4.2529 -3.5485 -2.9365 -4.2529 -3.5485

-6.6923 -4.2628 -3.5529 -9.6825 -4.2627 -3.5529
EAIZI -4.5358 -4.2529 -3.5485 -4.5755 -4.2529 -3.5485
Not: TARIM, NFSAH, EAIZI: Sabitli ve trendli, TRIHRCT, TRITHLT, GRW: Sabitli, 
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Tablo 5: 

Model Test ist.
Tarihleri %1 %5

TARIM
Model A -3.283357 1997 2000

-
4.073000

-3.563000

Model C -6.009553 2000 2014
-

6.691000
-6.152000

Model A -4.740368 2003 2007
-

4.073000
-3.563000

Model C -6.975187 1998 2017
-

6.821000
-5.917000

TRIHRCT
Model A -1.657139 2000 2010

-
4.073000

-3.563000

Model C -18.26982 1998 2005
-

6.750000
-6.108000

Model A -13.39534 2004 2010
-

4.073000
-3.563000

Model C -7.949338 2005 2014
-

6.691000
-6.152000

TRITHLT
Model A -3.227555 2001 2008

-
4.073000

-3.563000c

Model C -10.06747 2005 2016
-

6.691000
-6.152000

Model A -4.795412 1997 2009
-

4.073000
-3.563000

Model C -12.20532 2011 2017
-

6.932000
-6.175000

NFSAH
Model A -3.229406 2007 2018

-
4.073000

-3.563000

Model C -11.43679 2006 2018
-

7.004000
-6.185000

Model A -6.752440 2008 2015
-

4.073000
-3.563000

Model C -14.84519 2005 2013
-

6.978000
-6.288000

GRW
Model A -5.759548 1997 2002

-
4.073000

-3.563000

Model C -8.370769 2008 2015
-

6.978000
-6.288000
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EAIZI
Model A -4.310234 1998 2000

-
4.073000

-3.563000

Model C -8.346468 1999 2010
-

6.932000
-6.175000

kenlerin 

NFSAH, EAIZI ve T

Tablo 6: 

Model Gecikmeler

4, 0, 0, 0, 1, 0

TARIM 

Testler
Hesaplanan 

Kaynaklar

FOVERALL 5.693 3.037 4.443 Narayan (2005)
tDV -4.866 -2.86 -4.19 Peseran vd. (2001)
FIDV 5.662 2.65 4.54 Sam vd. (2019)
Not:

 Tablo 7: 

The dependent variable: TARIM
Variable Coefficient Std. Error t-Statistic Prob.
TRIHRCT 3.190750 0.992760 3.214019 0.0044
GRW 0.166711 0.067281 2.477843 0.0223
NFSAH 2.050916 0.714774 2.869319 0.0095
EAIZI -2.311078 1.105267 -2.090969 0.0495
TRITHLT -2.131734 1.539438 -1.384749 0.1814
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Testler t Stat. P
Breusch-Godfrey Seri Korelasyon LM 
Testi

2.973731
0.0766

test) 1.309582 0.2905
Ramsey RESET Test 1.979166 0.0625
Jarque-Bera Test 1.687865 0.4301

-

-
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Tablo 9: Hacker ve Hatemi-

Hipotez
Test 
Stat.

KARAR
%1 %5 %10

8.945 7.254 4.113 2.807 Nedensellik Var
0.274 7.892 4.179 2.896 Nedensellik Yok
0.650 8.252 4.619 3.267 Nedensellik Yok

TRITHLT
0.990 7.617 4.218 2.881 Nedensellik Yok

TRIHRCT 7.962 14.809 9.360 7.152 Nedensellik Yok

TARIM 15.007 14.406 9.024 6.949 Nedensellik Var

12.715 7.360 4.112 2.845 Nedensellik Var
0.002 7.731 4.184 2.857 Nedensellik Yok
11.912 7.615 4.273 2.900 Nedensellik Var
1.069 6.911 4.038 2.777 Nedensellik Yok

Not:

da
 Bu, ekonomik 

etkilemez. 

erileri 

-

.
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COMPARATIVE DETERMINATION OF THE EFFECT OF FERMENTED 
ORGANIC AND ORGANOMINERAL FERTILIZERS ON YIELD AND SOIL 
PROPERTIES IN WHEAT-SUNFLOWER ROTATION WITH CHEMICAL 

FERTILIZER APPLICATIONSSUTAS I.C. 

Samet ATA

Prof. Dr.

ABSTRACT

Introduction and Purpose: This study was carried out to determine the effectiveness of 
fermented solid organic fertilizer (SFG) and liquid organic fertilizer (SFG) and organomineral 
fertilizers (OMG) obtained from the processing of plant and animal wastes in the Karacabey 
biogas pl

Materials and Methods: In this study, sunflower was grown in 
the first year and wheat in the second year in the selected farmer field for 2 years. Changes in 
pH, EC, organic matter, N, P and K content in crop yield and soil quality were measured with 
increasing levels of fertilizers applied. Results: According to the results obtained, sunflower 
and wheat yields were determined between 424-564 kg/ha and 640-780 kg/ha, respectively. 

yield was obtained from SFG2 and KFG2 treatments. According to the results of the analysis 
of the soil samples taken after harvest, organic matter content increased in KFG and SFG 

treatments, the highest available P content was determined in KFG2 and OMG2 treatments, 
and the highest available K content was determined in SFG2, OMG2 and KFG2 treatments. 
Discussion and Conclusion: According to the results obtained in the study, due to their 
positive effects on soil structure, the importance of using solid and liquid fermented fertilizers 
and organomineral fertilizers formed as a result of fermentation of organic wastes in biogas 
plants, instead of chemical fertilizers, was determined for sustainable agriculture. Thus, it has 
been determined that with the use of locally produced organomineral fertilizers in agricultural 
areas, both foreign dependence on chemical fertilizers will be reduced and multiple benefits 
can be provided by increasing the quality of our soils.

Key words: organic fertilizer, organomineral fertilizer, sustainable agriculture, soil 
properties, plant nutrient elements 

704



Bulgular:
- -

ve KFG2 uygulamalar

tasyonu 

Anahtar kelimeler:

-
 alandan 

engeli ve 
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uluk

fa

elerde 

amanda toprakta 

elemen
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Yourtchi ve ark., 2013).  
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tesisle

, P, K, 

-15-

anaerobik fermantasyonu so

materyaldir. 

rinde 

bir veya birden 

-10-
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Azot 
%

Fosfor 
%

Potasyum 
%

Organik 
Madde % %

1 1 1 60 19
0,6 0,08 0,2 5 3
6 10 6 30 9
15 15 15 - -

-

-1

-
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Uygulamalar
Kontrol 0

3 ton/da
6 ton/da
3 ton/da
6 ton/da

-10-6 (OMG1) 35 kg/da
-10-6 (OMG2) 50 kg/da

-15- 20 kg/da
-15- 30 kg/da

-
  

-Black 
-

-

Parametreler
pH 7,15
Toplam Tuz % 0,035 Tuzsuz
Organik Madde % 0,86
Toplam N % 0,072

-1 6,3 Orta
-1da 177,61

 kg da-1 olarak 
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Uygulamalar
Verim kg/da 

Kontrol 424 f* 640 c**
473 e 660 bc

535 abc 780 a
479 de 700 abc
541 ab 740 ab

-10-6
(OMG1)

507 cd 680 bc

-10-6
(OMG2)

528 bc 700 abc

-15- 507 cd 680 bc

-15- 564 a 720 abc
p<0.01, **p<0.05

-1 ile 564 kg da-

verimi ise 
640 kg da-1 ile 780 kg da-
640 kg da-
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ve O

lar 
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Uygulamal
ar pH

EC, Org mad. 
%

N, %
P2O5

kg/da
K2O,
kg/da

Kontrol 7,23 b * 0,041 e * 1,53 f * 0,068 c * 18,0 b* 97,3 b

SFG1 7,61 a 0,055 d 1,83b-e 0,080 bc 11,9 d 103,3 b

SFG2 7,61 a 0,055 d 1,89 bcd 0,092 ab 16,7 bc 78,0 cd

Ort 7,61 0,055 1,86 0,086 14,3 90,7

KFG1 7,59 a 0,074 c 1,76c-f 0,076 c 9,4 d 74,7 d

KFG2 6,80 d 0,091 ab 2,22 a 0,096 a 23,2 a 99,7 b

Ort 7,20 0,082 1,99 0,086 16,3 87,2

OMG1 7,05 bc 0,081 bc 1,92 bc 0,077 c 18,6 b 92,8 bc

OMG2 6,85 cd 0,100 a 2,02 ab 0,075 c 11,4 d 126,8 a

Ort 6,95 0,091 1,97 0,076 15,0 109,8

7,04 bc 0,041 e 1,63 ef 0,096 a 13,2 cd 96,7 b

7,12 b 0,079 c 1,66 def 0,104 a 13,4 cd 103,6 b

Ort 7,08 0,060 1,65 0,100 13,3 100,2
7.21 A 0.069 A 1.82 A 1.125 A 15.08 B 96.8 B

Kontrol
7,27 a ** 0,032 b * 1,32 c *

0,072 b 
** 26,6 e* 91,2 d*

SFG1 7,25 ab 0,040 ab 1,40 c 0,075 b 36,4 cd 152,0 ab

SFG2 7,21 ab 0,037 ab 1,74 ab 0,084 b 47,8 b 160,9 a

Ort 7,23 0,039 1,57 0,080 42,1 156,5

KFG1 7,18 ab 0,036 ab 1,63 bc 0,103 ab 43,9 bc 124,0c

KFG2 7,11 c 0,036 ab 2,02 a 0,127 ab 44,6 b 126,8c

Ort 7,15 0,036 1,83 0,115 44,3 125,4

OMG1 7,16 abc 0,033 b 1,36 c 0,348 a 34,8 d 128,9c

OMG2 7,03 c 0,038 a 1,74 ab 0,116 ab 73,3 a 174,3 a

Ort 7,10 0,36 1,55 0,232 54,1 151,6

7,18 ab 0,031 b 1,49 ab 0,090 ab 29,2 de 122,6 c

7,16 abc 0,032 b 1,42 bc 0,110 ab 31,5 de 132,6 bc

Ort 7,17 0,032 1,46 0,100 30,4 127,6

7.17 A 0.051 A 1.56 B 0.084 A 40.90 A 134.8 A
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Organik 

-1-73.3 kg da-1 da-1-174.3 kg da-1

Parametreler
Proje Sonu 

SFG KFG OMG
pH 7,15 7,23 7,15 7,1 7,17

Toplam Tuz % 0,035
Tuzsuz

0,039
Tuzsuz

0,036
Tuzsuz

0,038
Tuzsuz

0,032
Tuzsuz

Organik Madde % 0,86 1,57 1,83
Orta

1,55 1,46

Toplam N % 0,072 0,08 0,115 0,232
Orta

0,1

-1 6,3
Orta

42,1 44,3 54,1 30,4

-1da 177,61 156,5 125,4 151,6 127,6
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DETERMINATION OF ALTERNATIVE FORAGE POTENTIAL OF SOME 

AUTUMN FALLEN GRAPE FRUIT TREE LEAVES 

Anahtar Kelimeler: dde 

717



The aim of this study was to determine the aerial dry matter (HKM), crude protein (HP), 

crude ash (HK), NDF and ADF contents of some autumn fallen leaves of trees with berries. 

For this purpose, grape, dwarf mulberry and blackberry tree leaves were analysed. According 

to the results of the analyses, HKM was 93.52% in grape leaves, 94.20% in blackberry leaves 

and 92.79% in dwarf mulberry leaves. When the HK contents were analysed, it was found 

that the highest HK content was 27.25% in dwarf mulberry leaves, the lowest was 9.74% in 

blackberry leaves and finally the HK content of grape leaves was 12.53%. The highest HP 

contents of tree leaves were found to be blackberry leaves with 15.40%, followed by grape 

leaves with 10.68% and dwarf mulberry leaves with 10.24%. NDF contents were determined 

to be the highest in dwarf mulberry leaves with 34.86%, the lowest in blackberry leaves at 

22.51% and 30.94% in grape leaves. ADF contents were 22.22% in dwarf mulberry leaves, 

21.52% in grape leaves and 15.04% in blackberry leaves. Based on these results, it was 

concluded that all the tree leaves analysed can be alternative roughage and will make a partial 

contribution to the elimination of roughage deficit in the country. However, these results 

should be supported by some in vitro analyses such as gas production, methane and digestion 

degree and in vivo trials and determination of antimetagenic properties. 

Keywords: tree leaves, alternative roughage, nutrients 

ucuz ve temini kolay alternatif 
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MATERYAL ve METOT 

Kimyasal analizler sonucunda elde edilen besin madde kompozisyonuna ait veriler varyans 
analizine (ONE-WAY-

BULGULAR 

HKM, % HK, % HP, % NDF, % ADF, %
93.52b 12.53b 10.68b 30.94a 21.52a

94.20a 9.74c 15.40a 22.51b 15.04b

Bodur dut 92.79c 27.25a 10.24b 34.86a 22.22a

*** *** *** *** ***
SHO 0.20 2.72 0.84 2.66 1.18
a,b,c

H

dut 

-
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TURF PERFORMANCES OF SOME COOL CLIMATE TURFGRASS SPECIES IN 
SEMI-SHADE AREAS 

-

Dr.   
-

arundinacea var. Starlett, Festuca rubra rubra var. Corail, Festuca rubra comutata var. 
Casanova, Festuca rubra trichophylla var. Samanta), 3 mevsimde (ilkbahar, yaz ve sonbahar) 

arun 2, F. rubra rubra, F. rubra comutata, F. rubra trichophylla 
2

s- -

yaz mevsiminde 1230 g
cm

n

Anahtar Kelimeler: iterler
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ABSTRACT 

Campus, where different cool season grass species (Lolium perenne var. Esquire, Festuca 
arundinacea var. Starlett, Festuca rubra rubra var. Corail, Festuca rubra comutata var. 
Casanova, Festuca rubra trichophylla var. Samanta. ), performances such as grass quality, leaf 
width, plant height and cover ratio, green grass yield, grass quality, color tone, root length and 
winter hardiness were examined in 3 seasons (spring, summer and autumn). Of these species, 
40 g m2 of seeds were used for L. perenne and F. arundinacea species, and 35 g m2 of seeds 
were used for F. rubra rubra, F. rubra comutata, F. rubra trichophylla species. The planting 
was done on March 25, 2019, and with the planting, all parcels were given 7 g of phosphorus 
per m2 and 5 g of nitrogen every month, and were irrigated regularly with sprinklers. The 
experiment was set up with three replications according to the factorial design in random 
blocks. Study data were taken between May 15-August 5-October 25, 2019, 3 weeks after the 
cleaning methods were carried out. In the performance values of the study; grass quality is 9 
full scales in summer in F. arundinacea and L. perenne, cover rate is 100% in F. arundinacea 
autumn, fresh grass amount is 1230 g  1120 g in summer in F. arundinacea and L. perenne,
plant height is F. arundinacea and L. perenne, leaf color tone was 9 full scales in spring and 
summer in F. arundinacea and L. perenne, and root length was 3.71 cm in F. arundinacea. F. 
arundinacea var. among the grasses in terms of performance values examined. Starlett species 
ranks first in summer and autumn, followed by L. perenne var. Esquire followed up.

Keywords: Tufgrass specie, tufgrass quality, semi-shaded areas, some criteria

Robbin and
g

Festuca rubra L.)
pratensis L.), serin mevsim ve 

ark., 2020). 

olium perenne L., 

723



Cynodon-

ekilen 

arundinecaea, Poa pratensis gib
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andSullivan, 1998). 

Birbirler
Lolium perenne var Esquire, Festuca arundinacea var Starlett , Festuca rubra rubra 

var Corail, Festuca rubra comutata var Casanova, Festuca rubra trichophylla var Samanta gibi 
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olan, gece-

MATERYAL VE METOD 

pH 8.38 (hafif alkali), potasyum 73.27 kg da-1 -1

-

Ekim; 2 m x 1 m = 2 m .5 m mesafe 

Lolium perenne var. Esquire, 
Festuca arundinacea var. Starlett, Festuca rubra rubra var. Corail, Festuca rubra comutata var. 
Casanova, Festuca rubra trichophylla var. Samanta) 

2, Festuca rubra rubra, Festuca 
rubra comutata, Festuca rubra trichophylla 2

2

1. - Kaplama

gerilmek 
3. Renk (Spangenberk ve
ark., 1996), 6- - 

- -
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1. Yaprak eni: F. arundinacea, L. perenne, F. rubra rubra, F. rubra comutata ve F. rubra 
trichophyl

F. arundinacea 
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Yaz Sonbahar

F.arundinacea 1.25 d 3.40 b 5.17 a 3.27 a

L. perenne 0.67 efg 1.15 de 2.22 c 1.35 b

F. rubra rubra 0.44 g 0.52 fg 0.63 fg 0.53 cd

F. rubra comutata 0.52 fg 0.54 fg 0.96 def 0.67 c

F. rubra trichophylla 0.27 g 0.32 g 0.54 fg 0.38 d

0.63 c 1.19 b 1.91 a

2. Bitki Boyu: 

F. arundinacea ve L. perenne bitki 

Yaz Sonbahar

F. arundinacea 15.00 19. 33 17.67 17.33 a

L. perenne 15.00 19.00 17.33 17.11 a

F. rubra rubra 11.00 17.33 13.00 13.78 b

F. rubra comutata 12.00 17.33 14.00 14.44 b

F. rubra trichophylla 10.00 15.33 9.67 11.67 c

Mevsim 12.60 c 17.67 a 14.33 b

lir

F.
arundinacea L. perenne, F. rubra rubra takip

522.22 g) ile
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T -9

6.00  puan (1- in

(1-9 skala) 

Yaz Sonbahar

F. arundinacea 7.33 b 9.00 a 8.67 a 8.33 a

L. perenne 7.00 b 9.00 a 9.00 a 8.33 a

F. rubra rubra 5.33 cd 7.33 b 7.33 b 6.67 b

F. rubra comutata 5.00 cd 7.33 b 5.67 c 6.00 c

F. rubra trichophylla 4.67 d 6.67 b 9.00 a 6.78 b

5.87 b 7.86 a 7.93 a

5. Yaprak rengi: 
yaprak 

F.

o

Yaz Sonbahar

F. arundinacea 663.33 cd 1230.00 a 896.67 b 930.00 a

L. perenne 553.33 de 1120.00 a 656.67 cd 776.67 b

F. rubra rubra 406.67 f 910.00 b 600.00 de 638.89 c

F. rubra comutata 383.33 f 866.67 b 723.33 c 657.78 c

F. rubra trichophylla 323.33 f 720.00 c 523.33 e 522.22 d

466.00 c 969.33 a                  680.0 b
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-9 skala)* 

Yaz Sonbahar

arundinacea 9.00 a 9.00 a 7.67 b 8.56 a

L. perenne 9.00 a 9.00 a 8.00 b 8.67 a

F. rubra rubra 8.00 b 8.00 b 8.00 b 8.00 b

F. rubra comutata 8.00 b 8.00 b 7.67 b 7.89 b

F. rubra trichophylla 8.00 b 8.00 b 8.67 a 8.22 b

8.40 a 8.40 a 8.0 b

6.

F. arundinacea (3.71 cm),  F. rubra trichophylla ise 2.29 cm ile en 
  

ekil 2. F. arundinacea ve 
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Yaz Sonbahar

F. arundinacea 3.83 3.53 3.77 3.71 a

L. perenne 3.37 3.60 3.04 3.33 b

F. rubra rubra 2.67 3.20 2.57 2.81 cd

F. rubra comutata 3.07 3.43 2.90 3.13 bc

F. rubra trichophylla 2.73 2.93 2.70 2.79 d

3.13 ab 3.34 a 3.00 b

Yaz Sonbahar

F. arundinacea 71.33 g 92.33 cd 100 a 87.89 a

L. perenne 77.33 f 92.67 cd 98.33 ab 89.44 a

F. rubra rubra 64.00 h 82.67 e 96.00 abc 80.89 b

F. rubra comutata 64.33 h 79.00 ef 90.00 d 77.78 c

F. rubra trichophylla 64.33 h 81.33 ef 94.67 bc 80.11 bc

68.27 c 85.60 b 95.80 a

7. fark
-9

skala) ne F. arundinacea,

8.

-9 skala) 

F. arundinacea 7.33 a

L. perenne 5.67 b

F. rubra rubra 4.67 b

F. rubra comutata 5.33 b

F. rubra trichophylla 95.81 a
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ABSTRACT 

Weed infestations are a constant threat to agriculture, which is the backbone of the world's 
food production. The conventional approach to managing weeds has primarily involved the 
application of pesticides, giving rise to considerable concerns about the environment's long-
term sustainability and the safety of food production. Machine learning and computer vision, 
two subfields of artificial intelligence, are well known for their ability to solve challenging 
issues. This study examined the application of artificial intelligence (AI) to agricultural weed 
identification and management techniques. This review makes use of Research Gate, a 
reliable research platform. The investigation examined the researchgate database. Research 
publications on artificial intelligence, weed identification, and management strategies were 
the exclusive focus of the study. To discover pertinent findings, the study also used a variety 
of approaches. A lot of potential exists for artificial intelligence (AI) in agriculture, where it is 
currently being applied in several ways to boost productivity and efficiency. Herbicide 
consumption can be decreased, weed control can be done more effectively and efficiently, and 
the environmental impact of weed management can be kept to a minimum by using Artificial 
intelligence (AI). AI has the power to completely transform how humans grow and prepare 
food, improving the productivity, sustainability, and profitability of agriculture. AI is 
essentially more effective at managing weeds because it uses fewer herbicides, which are 
typically toxic or harmful to human health. 

Key Words: Artificial Intelligence, Weed, Identification, Weed Management.

INTRODUCTION 

The primary cause of the decline in agricultural productivity is weeds.  Weed detection is the 
process of identifying such undesirable plants in the field. Being a pest to crops, weeds make 
agricultural output impossible without effective weed control, which is why weed detection is 
crucial. According to Adeux et al. (2019), the majority of weed communities caused 
significant output losses in unweeded zones, ranging from 19% to 56%, based on a three-year 
study. According to Ahmad Loti et al., (2021), weed plants tend to compete for resources, 
some weed species are home to pests and illnesses and act as harbors for agricultural viruses 
that have the potential to destroy entire harvests.  They often made both manual and 
mechanization operations less effective, with the need for additional costs to get rid of them. 
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The economic consequences of weeds are so significant, including decreased agricultural 
yields, higher production costs, and the possibility of lower-quality harvests.  Weed 
infestations are a constant threat to agriculture, which is the backbone of the world's food 
production. The existence of weeds poses a significant threat to agricultural yield because 
they compete with crops for resources including light, space, water, and nutrients (Tshewang 
et al., 2016). As a result, this interference interferes with the development and growth of 
cultivated crops in the fields of most farmers. 

Yu et al. (2019) also reported that weeds often cause irregular crop maturity and make 
harvesting procedures more difficult by interfering with the consistent growth of crops.  The 
unchecked growth of weeds harms the sustainability, productivity, and overall economic 
viability of agriculture.  The conventional approach to managing weeds has primarily 
involved the application of pesticides, giving rise to considerable concerns about the 
environment's long-term sustainability and the safety of food production. According to Modi 
et al. (2023), herbicides are chemical substances that are specifically intended to control and 
eliminate weeds. They have played a significant role in improving crop yields and mitigating 
the negative effects of weed competition by minimizing labor requirements, improving crop 
development, and specifically targeting and eliminating weed species. However, there have 
been significant concerns raised about the use of herbicides, including those related to food 
safety and the environment. When herbicides are applied indiscriminately, weed populations 
may become resistant to them, requiring the use of more powerful and hazardous herbicides 
for the environment (Chu et al., 2022).  Artificial Intelligence (AI) tools are precisely what are 
needed to address these difficulties and provide more precise and environmentally friendly 
weed management methods. Machine learning and computer vision, two subfields of artificial 
intelligence, are well known for their ability to solve challenging issues. Machine learning 
allows computers to learn from historical data and apply computer algorithms to enhance 
performance or solve problems. Agricultural land is of paramount importance.  The intelligent 
weed detection, evacuation, and decomposition robot is a smart machine that uses machine 
learning and computer vision to capture images of beans and weeds, differentiate them using 
the provided data set, and remove the weeds from the farm (Adeniji et al., 2023).  In order to 
identify and eliminate weeds while converting them into organic fertilizer for the farm, an 
intelligent weed identification and decomposition robot also uses computer vision and 
machine learning (Adeniji et al., 2023).  Eliminating weeds helps only to lessen competition, 
on the other hand, breaking them down adds organic matter that increases soil richness. 
Artificial intelligence and cutting-edge technology support effective weed management 
practices, which are essential to reducing these negative impacts and maintaining the success 
of agriculture. Artificial Intelligence (AI) in weed control aims to mitigate the environmental 
effects of herbicides by increasing their effectiveness, reducing the amount of chemicals used, 
and reducing residues (Hakme et al., 2020). Furthermore, this approach encourages the use of 
a more responsible and sustainable weed-controlling technique in agricultural operations. AI 
approaches encompass a wide range of technologies, such as deep learning, machine learning, 
and computer vision, each with unique capacities to address the complex issues raised by the 
spread of weeds (Wang et al., 2022).  The process of adopting artificial intelligence for weed 
control will have significant economic implications which will aid resource optimization, in 
terms of land and labor with emphasis on weeds during the application of herbicide (Jha et al., 
2019).  
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CONCEPTUAL FRAMEWORK  

The Artificial Intelligence concept.  

It is necessary to review traditional techniques to comprehend the drawbacks and 
environmental issues related to chemical herbicides. The issues presented by undesirable plant 
species in agriculture have led to an evolution of traditional weed management strategies over 
time. Common techniques for physically removing weeds include mechanical management 
techniques like hoeing and plowing. Furthermore, manual techniques like hand weeding have 
been used for millennia. Herbicides are another common method of chemical control; 
different formulations are designed to target different kinds of weeds. Research is still being 
conducted with the exclusive goal of developing and implementing more effective methods to 
support weed identification and management. The primary and frequently used methodology 
in the studies is the detection method that makes use of image processing and filtering 
techniques.  Latha et al. (2014) suggested a K-means clustering method to detect and control 
weeds in a cornfield using an inter-row and inter-plant strategy. The system's effectiveness 
varied depending on the environment. Choudhari and Gogate (2023) used a combination of 
image processing techniques, component labeling methods, and aspect ratios to compare the 
heights and widths of images to detect and control weeds. Additionally, Shraddha et al. 
created and used a more effective technique for weed detection and control. Moreover, 
Shraddha et al. (2018) created and put into practice a more effective weed detection and 
control approach. Sandeep et al. (2018) coupled segmentation techniques with Convolutional 
Neural Network (CNN) and Image processing approach. A database utilizing the Python 
programming language was used to store a collection of RGB weed data. With CNN's 
adoption of the approach, classification and weed identification were accomplished with 95% 
accuracy.  

This review's major goal is to evaluate artificial intelligence's (AI) effectiveness in weed 
identification and management. Therefore, the purpose of this review is to:  

a. Review of literature: This review aims to carry out an extensive investigation into the 
identification and control of weeds by artificial intelligence methods.  

b. Planned outcomes synthesis involves compiling pertinent information from respectable 
websites, analyzing and tracking alterations, and dispersing credible articles.   

c. Artificial intelligence with weed control constraints: To bolster the review's conclusions, 
the limitations of artificial intelligence methodologies, weed identification, and management-
related issues will be examined.   

METHODOLOGY  

Data collection method 

The Researchgate database was used to collect the articles. Artificial intelligence, weed 
identification, and management strategies were keywords used to collect the data.  These 
keywords were utilized to obtain relevant data from multiple academic disciplines. Journal 
articles, reports, and conference proceedings were among the articles that were examined in a 
particular quantity.  Research publications on artificial intelligence, weed identification, and 
management strategies were the exclusive focus of the study. To discover pertinent findings, 
the study also used a variety of approaches. 
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FINDINGS 

Artificial Intelligence in Agriculture  

The term artificial intelligence (AI) describes the capacity of machines to carry out operations 
that would typically require human intelligence. A lot of potential exists for artificial 
intelligence (AI) in agriculture, where it is currently being applied in several ways to boost 
productivity and efficiency.  In order to give farmers information on crop health, soil 
moisture, and nutrient levels, artificial algorithms can assess data from a variety of sources, 
including sensors, drones, and satellites. Better agricultural yields are eventually the result of 
farmers being able to make educated decisions regarding fertilization, irrigation, and insect 
management. Using data on crop performance, weather patterns, and soil quality, artificial 
intelligence can assist farmers in pinpointing sections of their fields that need special care. 
This leads to maximized yields and lower expenses for farmers since they may customize 
their agricultural methods to the unique requirements of each region. Agronomic operations 
like planting, spraying, and harvesting crops can be completed without the assistance of 
humans with the use of autonomous machinery, which includes the use of artificial 
intelligence-powered equipment like self-driving tractors and drones. Farmers are able to 
concentrate on other areas of their farms, which not only helps them work more productively 
but also lowers labor expenses. Artificial algorithms are also capable of analyzing data from 
cameras and sensors to monitor the health and behavior of cattle in the topic of livestock 
monitoring. Thus, the risk of disease outbreaks is decreased, and animal welfare is enhanced 
as farmers are able to recognize and address health issues early. Product tracking via the 
supply chain is possible with supply chain optimization and artificial intelligence. In addition 
to lowering waste and increasing food safety, this aids farmers and retailers in optimizing 
logistics (Barfa, 2023).  

The Use of Artificial Intelligence in Weed Control 

One factor that most lowers a farmer's projected profit is weeds: for instance, unchecked weed 
invasion can result in a 50% yield loss for dried beans and maize crops, while weed 
competition can lower wheat production by 48% (Fahad et al., 2015). Even though certain 
weeds are toxic and can pose a risk to public health, weeds, and crops fight for resources like 
sunlight, water, and nutrients. With its ability to identify and control weeds more accurately 
and efficiently, artificial intelligence (AI) holds the potential to completely transform weed 
management. AI may be utilized to create picture recognition systems that have a high degree 
of accuracy for identifying weeds. This will enable growers and farmers to promptly 
recognize and categorize various weed species and then implement the necessary management 
strategies. Precision weed management can be achieved with AI-powered devices like robots, 
drones, and self-driving cars. By identifying weeds with a scan of the fields, these instruments 
can minimize the amount of herbicide used and its negative effects on non-target organisms 
by applying herbicides or other control measures solely to the impacted regions. AI may be 
used to produce high-resolution weed maps, which will assist growers and farmers in locating 
weed hotspots and adjusting their weed control tactics accordingly. Predictive models that 
farmers can use to forecast weed growth and determine when to use herbicides or other 
control methods can be created using artificial intelligence (AI). This can lower the cost and 
negative environmental effects of weed control while also optimizing weed management 
techniques.  

Artificial intelligence in weed identification. 
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Jain et al. (2022) carried out a comprehensive study on pest and weed identification in crops. 
Their work includes a thorough examination of this field and emphasizes the value of AI and 
machine learning algorithms in automating the distinction between plant pests and weeds. The 
research leverages deep learning and machine learning approaches, utilizing a range of 
mechanical equipment and platforms. Complex processes are needed to reliably identify crop 
and weed pixels, and real-time image processing presents difficulty because frame processing 
must happen quickly. The result was the suggestion of a two-part image processing method 
(Steward, 2019). The use of AI-based techniques and instruments to control weeds resistant to 
herbicides was thoroughly reviewed by Wu et al. (2021). A few commercially available AI-
based techniques and technologies, like robotics, remote sensing, and spectral analysis, are 
mentioned by the authors as being able to help with weed management through machine 
learning and significantly simplify the classification process. Given that weeds compete with 
crops for resources and have a substantial impact on yields and quality, weed control is a 
crucial issue in agricultural crop production. Important obstacles in crop and weed plant 
perception are vegetation detection, weed, and crop plant classification, and plant location 
(Ghatrehsamani et al. 2023). The visual navigation system for agricultural robots has become 
a prominent trend in the field of intelligent agricultural machinery due to the development of 
visual algorithms and the acceleration of computer calculation speed (Zhang, et al., 2017).  
Given its superior performance, excellent adaptability, and learning capacity, deep learning 
technology is considered the wave of the future. The fields of science, health, and sustainable 
development have all been impacted by machine learning in recent years. Crop categorization, 
weed segmentation, weed identification, and other tasks have become its first uses in 
agriculture. According to (Su et al. 2020) deep learning is a promising technology that will 
enable timely and precise responses to weed detection in corn fields. To address weed-related 
issues in rice production in Sub-Saharan Africa, Olaniyi et al. (2021) carried out research 
intending to improve crop yield and raise return on investment.  

Limitations on Weed Management 

Weed competition reduces wheat output by roughly 48% (Fahad et al., 2015). These losses 
could occasionally reach 60% (Rao et al., 2014). Research on the effects of weeds on soybean 
yield revealed an 8% 55% decrease in yield (Datta, 2017). Sesame crops account for between 
50% and 75% of yield losses in a study on artificial intelligence applications in agriculture 
(Mruthul, 2015). To detect and control weeds, Choudhari and Gogate (2023) combined an 
aspect ratio comparison with an image processing methodology and component labeling 
method to detect weeds in research. In addition, a more effective weed detection and control 
strategy was created and put into practice (Shraddha et al. 2018).  Jha et al. (2017) suggest 
that the duration of crop exposure to weeds could explain the variability in yield losses. The 
authors Latha et al. (2015) introduced a K-means clustering approach to identify and manage 
weeds in a cornfield by employing inter-row and inter-plant techniques. The method yielded 
different outcomes on each application of the methodology. 

CONCLUSION AND RECOMMENDATION 

Herbicide consumption can be decreased, weed control can be done more effectively and 
efficiently, and the environmental impact of weed management can be kept to a minimum by 
using AI. AI has the power to completely transform how humans grow and prepare food, 
improving the productivity, sustainability, and profitability of agriculture. AI is essentially 
more effective at managing weeds because it uses fewer herbicides, which are typically toxic 
or harmful to human health. Moreover, high rates of herbicide use and excessive application 
without thought have contaminated groundwater, left some herbicides active in the soil for 
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extended periods, and affected crop germination. There is a need to pay attention to 
techniques with less effects on the environment.  
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INTEGRATED MANAGEMENT OF SPOTTED WING DROSOPHILA, Drosophila 
suzukii (Matsumura) SITUATION IN TURKEY AND WORLDWIDE

Anahtar Kelimeler:
  

ABSTRACT 

The spotted-wing drosophila, Drosophila suzukii (Matsumura), is a polyphagous species and 
has a wide range of hosts. It has been defined as the main pest of cherries and grapes in 
particular. Drosophila suzukii is a fly known as the vinegar fly. Because they damage 
overripe, fallen and rotting fruit, most vinegar flies are not harmful. However, the females of 
the spotted-wing drosophila lay eggs in the ripening fruit and the larvae that hatch from the 
eggs develop inside the fruit, causing it to become soft and unmarketable. In addition, fungal 
and bacterial infections occur after larval feeding. The spotted-wing drosophila is a quarantine 
pest on the A2 list of the EPPO (European and Mediterranean Plant Protection Organisation). 
Drosophila suzukii, which causes severe damage to fruit species that are important for fruit 
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exports, can reach high populations and spread over very large areas in a short period of time, 
depending on the climate. 

and around the world. Thus, studies on the morphology, taxonomy, distribution, hosts, 
damage, biology, integrated pest management, etc. of D. suzukii, one of the most important 
quarantine pests for our country and the world, have been collected, summarised and 
reviewed. In this way, the current situation of the pest in our country and in the world was 
revealed. In addition, information of great importance for pest management, current 
management methods, management methods to be investigated in the future, etc. are 
presented with recommendations on topics.  

Keywords: Spotted-wing drosophila, SWD, Drosophila suzukii (Matsumura), Pest, 
Quarantine, Management, Fruit 
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Son zamanlarda Drosophi

Parasitoids 

-
et al. 2009; Janssen et al. 1988). Braconidae, Figitidae, Diapriidae ve 

para

n parazitoiti yoktur.  

Wang et al., 2021) 

Parazitlenme 
Kaynaklar

Larva parazitoitleri
Braconidae

Asobara tabida Japan - Mitsui et al. (2007)

Asobara brevicauda
Kore

SWD < 1 Daane et al. (2016)

Asobara japonica
Japonya, 

Kore
0 16.7

Mitsui et al. 
(2007), Daane et 

al. (2016

Asobara leveri
Kore

SWD / DP / 
<1

Daane et al. 
(2016), Giorgini et 

al. (2019)

Asobara mesocauda
Kore

SWD / DP / 
DSP

-
Girod et al. (2018),

Giorgini et al. 
(2019)

Asobara pleuralis SWD / DP - Girod et al. (2018)

Asobara sp. Japonya SWD <7
Kasuya et al. 

(2013)

Asobara sp. TS1 Japonya SWD 1.2 Ideo et al. (2008)

Asobara triangulata
Kore 

SWD <1
Daane et al. unpub. 

data

Asobara unicolorata SWD / DP <1
Giorgini et al. 

(2019)

Areotetes striatiferus SWD / DP 0.6 6.9 Girod et al. (2018)

Tanycarpa chors SWD / DP 2.1 Girod et al. (2018)
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Parazitlenme 
Kaynaklar

Figitidae

Ganaspis brasiliensis
Japonya, 

Kore

SWD / DP 0 47.8

Kasuya et al. 
(2013), Daane et 

al. (2016), 
Giorgini et al. 

(2019)

Ganaspis cf. 
brasiliensis

Japonya, 

Kore 

SWD / DP / 
DSP

0.2 75.6
Girod et al. (2018), 

Daane et al. 
unpubl. Data

Ganaspis 
xanthopoda

Japonya - Mitsui et al. (2007)

Leptopilina boulardi
Arjantin, 
Brezilya, 
Meksika

-

Cancino et al. 
(2015),

Wollmann et al. 
(2016),

Garrido et al. 
(2018)

Leptopilina 
heterotoma

< 1 Miller et al. (2015)

Leptopilina j. 
formosana

Kore, 
Japonya

< 1
Novkovic et al. 

(2011), Daane et 
al. (2016)

Leptopilina j. 
japonica

Japonya, 

Kore 

SWD / DP 0 34.5

Novkovic et al. 
(2011),

Kasuya et al. 
(2013), Daane et 

al. (2016), Girod et 
al. (2018), 

Giorgini et al. 
(2019)

Leptopilina sp. SWD / DP 7.2 35.9 Girod et al. (2018)

Pupa parazitoitleri
Diapriidae

Trichopria cf. 
drosophilae

0 10.7

Gabarra et al. 
(2015),

Mazzetto et al. 
(2016),

Kremmer et al. 
(2017)

Trichopria 
drosophilae

Fransa, 

Meksika, 

0 11.1
Cancino et al. 

(2015), Miller et 
al. (2015), Rossi 
Stacconi et al. 
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Slovenya, 

Kore, 

ABD, 

(2015), 
Daane et al. 

(2016), Knoll et al. 
(2017),

Giorgini et al. 
(2019), Modic et 

al. (2019)
Trichopria 

anastrephae
Brezilya SWD -

Wollmann et al. 
(2016)

Parazitlenme 
Kaynaklar

Pteromalidae

Pachycrepoideus 
vindemiae

Fransa, 

Meksika, 
Hollanda, 

Kore, 

ABD

0 31

Rossi Stacconi et 
al. (2013),

Cancino et al. 
(2015), Miller et 
al. (2015), Daane 

et al. (2016), 
Mazzetto et al. 

(2016),
Knoll et al. (2017), 

Kremmer et al. 
(2017), Haro-
Barchin et al. 

(2018), 
Zengin and Karaca 

(2019)
Spalangia 

erythromera
-

Mazzetto et al. 
(2016)

Spalangia simplex Meksika SWD -
Cancino et al. 

(2015)

* SWD = Drosophila suzukii, DP = Drosophila pulchrella, DSP = Drosophila subpulchrella
            

et al., 2011). 
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tahmin edilmektedir (Werren 

(Zabalou et al., 2004; Sinkins and Gould, 2006; Fast et al., 2011).   

-

-

- et al., 2006). 
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ABSTRACT 

Introduction and Purpose: Erosion is a process that causes soil degradation, reduces the 

efficiency and productivity capacity of the soil and creates environmental problems. The 

erosion process can be reduced and prevented by improving some physical properties of the 

soil by applying organic matter to the soil. Sewage sludge is a by-product of sewage waste, 

which is a concentrated suspension with rich mineral and organic matter content. The rich 

organic matter content of sewage sludge improves soil physical and mechanical properties. 

This study aims to investigate the effect of sewage sludge on soil erosion. Materials and 

Methods: This research was conducted under artificial rainfall conditions (40 mm h-1

constant rainfall intensity). The loamy texture class soil was treated with 4 different doses (0, 

1, 2, 4% w/w) of sewage sludge in 3 replicates and left for incubation for 6 months. After 

incubation, the amount of soil lost by surface runoff was determined by artificial rainfall 

under 9% slope conditions. At the same time, organic matter and aggregate stability values of 

the treated soils were determined. Results: As a result of the research, the amount of soil lost 

by surface runoff decreased as the application dose increased. The lowest surface runoff was 

determined at 4% application dose and decreased by 74.3% compared to the control. The 

aggregate stability values of the soils increased depending on the application dose and the 

highest aggregate stability value was determined as 45.4% at 4% application dose. Discussion 

and Conclusion: In this research conducted under artificial rainfall conditions, it was 

concluded that sewage sludge application will increase soil stability and consequently reduce 

soil loss by surface runoff. 

Keywords: sewage sludge, surface runoff, organic matter, aggregate stability 
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EFFECTS OF AGRIVOLTAIC SYSTEMS ON AGRICULTURE 

D

ORCID ID: https://orcid.org/0000-0002-9126-4567

Anahtar Kelimeler:

ABSTRACT 

The widespread use of photovoltaic power generation is crucial to efforts to reduce the 
negative effects of climate change. One of the major constraints to the development of 
photovoltaic systems is their large land requirements. In fact, the increasing demand for 
agricultural land due to the world's growing population and increasing food requirements is 
against the increasing demand for land for photovoltaic systems. Agrivoltaic systems, which 
integrate crop production and photovoltaic energy production, offer a possible solution to this 
land use conflict problem. However, the success of agrivoltaic systems in optimizing 
agriculture and energy production depends on a good description of this highly complex 
network of relationships and acceptable solutions to potential problems. Almost all 
agricultural crops are produced under the influence of climate and soil conditions. Therefore, 
the question of how factors such as wind, soil moisture, evaporation, rainwater, and shading 
are affected by the photovoltaic system has the power to determine the type of crop to be 
selected, the rate of land loss, yield, quality, and crop welfare. In this study we present an 
overview of agrivoltaic systems and their impact on some of the conditions that affect 
agriculture. 

Key Words: Agriculture; Agrivoltaic; Photovoltaic; Climate change 
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ABSTRACT

Agrivoltaic systems make it possible to use the same land for both agriculture and energy 
production. In the design of these systems, agriculture and solar energy production areas are 
not considered as competitors, but as complementary to each other. This system is based on 
the principle of installing photovoltaic panels on agricultural land to utilize solar energy and 
at the same time growing crops under the panels. In recent years, an increasingly exponential 
progress has been observed in agrivoltaic systems and numerous prototypes have been 
proposed worldwide due to the flexibility of photovoltaic energy technologies. However, in 
the process of creating an agrivoltaic project, it may be necessary to set product-specific 

782



criteria and to adhere to these criteria when determining the characteristics of all the elements 
of the system (transparency, size, height and spacing of photovoltaic panels, etc.). To date, 
research work in the field of agrivoltaic fruit growing has been carried out based on overhead 
configurations. For this purpose, a raised support structure of 2 meters or more is required to 
allow the cultivation of fruit trees and the operation of machinery. Installation techniques such 
as static tilt, mobile solar tracking system and mobile crop adaptive tracking system are used 
to install the panels on this support system. Most of the studies seem to be focused on the 
energy and construction areas of the agrivoltaic fruit growing system. However, there are 
many problems to be solved on the fruit production side. The first of these problems is to 
define the microclimate conditions that will occur under and around the panels. Then, it is 
also very important to determine the effects of this new situation on fruit yield and quality. In 
addition, the possibility of interchangeability of shading nets and agrivoltaic systems used in 
fruit growing is also a major research topic. Since the studies on agrivoltaic fruit cultivation 
are very limited, this review presents analyses on agrivoltaic fruit production and possible 
interactions.

Keywords: Fruit growing; Agrivoltaic; Photovoltaic; Agrivoltaic microclimate 
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Bununla birlikte, agrivoltaik sistemlerin meyve bitki

Agrivoltaik sistemlerin tesisinde dikkat edilmesi gereken konulardan biri panellerin bitki 
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ÖZET 
Besin değeri yüksek olan yumruları nedeniyle dünya çapında temel gıda olarak tüketilen patates 
(Solanum tuberosum L.), çok yıllık otsu bir bitki olmasına rağmen tarım alanlarında tek yıllık 
ürün olarak yetiştirilmektedir. Patates bitkilerinde yumru kalitesini ve pazar değerini düşüren 
çok sayıda viral, fungal ve bakteriyel hastalık etmeni bulunmaktadır. Rhizoctonia solani Kühn 
en önemli tohum ve toprak kaynaklı fungal patojenlerden biri olup, patateste gövde kanseri ve 
siyah kabukluluk hastalığına neden olmaktadır. Hastalık etmeninin mücadelesi oldukça zor 
olmakta, hiçbir geleneksel yöntem bu hastalığı güvenilir bir şekilde kontrol edememektedir. 
Bununla birlikte hastalık etmenin mücadelesinde yararlı bakterilerin biyokontrol ajanları olarak 
kullanılması alternatif bir yaklaşım olarak kabul edilmektedir. Yararlı bakterilerin önemli bir 
grubunu oluşturan endofitik bakteriler, bitkilerin içsel dokularını kolonize ederek, çeşitli 
mekanizmalarla bitki büyümesini arttırmakta, biyotik ve abiyotik stresin bitkiler üzerindeki 
olumsuz etkilerini azaltmaktadır. Bu çalışmada in vitro koşullarda endofitik kök bakterilerinin, 
R. solani’nin misel gelişimi üzerine etkilerinin belirlenmesi amaçlanmıştır. Çalışmada, patates 
yumrularından izole edilen R. solani AGR1 izolatına karşı tuz stresine maruz kalan domates 
bitkilerinin köklerinden izole edilen ve bitki gelişimini teşvik edici özellikleri (siderofor 
üretimi, fosfatı çözme aktivitesi, IAA üretimi ve nitrojen fiksasyon aktivitesi) önceki 
çalışmalarda belirlenmiş olan 54 endofitik bakteri izolatının biyokontrol özellikleri ikili kültür 
yöntemi ile test edilmiştir. Çalışmanın 7. gün sonuçlarına göre, test edilen bakteri izolatları 
arasında K14, K19, K78, K83, K154, K188 ve K193 izolatları etkili bulunmuş ve bu izolatların 
R. solani’nin misel gelişimini farklı oranlarda engellediği tespit edilmiştir. Bu endofitik 
bakterilerin inhibisyon oranlarına bakıldığında K193 izolatının % 47.84 inhibisyon oranıyla, R. 
solani’ye karşı en iyi performansı gösteren izolat olduğu belirlenmiştir. Patojenin misel gelişimi 
üzerine en düşük oranda etkili olan izolat ise % 4.71 inhibisyon oranı ile K19 olarak tespit 
edilmiştir. Bu çalışma, endofitik kök bakterilerinin R. solani’nin biyolojik mücadelesinde etkili 
bir şekilde kullanılabileceğini göstermiştir. 

Anahtar Kelimeler: Patates, Biyolojik mücadele, Rhizoctonia solani, Endofitik bakteriler  
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ABSTRACT 
Potato (Solanum tuberosum L.), being consumed as a staple food worldwide for its tubers with 
high nutritional value, is cultivated as an annual crop in agricultural areas, despite being a 
perennial herbaceous plant. Several viral, fungal, and bacterial pathogens reduce tuber quality 
and market value in potato plants. Rhizoctonia solani Kühn is one of the most important seed- 
and soil-borne fungal pathogens that causes root-rot, stem canker and black scuff diseases in 
potato. Control of the pathogen is difficult, and no traditional method can reliably control this 
disease. The use of beneficial bacteria as biocontrol agents is considered an alternative approach 
for controlling pathogens. Endophytic bacteria, which form an important group of plant-
beneficial bacteria, colonize the internal tissues of plants and increase plant growth through 
various mechanisms, reducing the negative effects of biotic and abiotic stresses on plants. The 
objective of the present study was to determine the effects of endophytic root bacteria on R. 
solani mycelial growth in vitro. In this study, the biocontrol traits of 54 endophytic bacterial 
isolates from the roots of tomato plants exposed to salt stress against R. solani isolate AGR1 
isolated from potato tubers were tested using the dual culture method. The plant growth-
promoting traits (siderophore production, phosphate solubilization activity, IAA production, 
and nitrogen fixation activity) of these isolates have been determined in previous studies. 
According to the results on the 7th day of the study, isolates K14, K19, K78, K83, K154 K188 
and K193 were found to be effective among the tested bacterial isolates, and these isolates 
inhibited the mycelial growth of R. solani at different rates. When the inhibition rates of these 
endophytic bacteria were examined, it was determined that the K193 isolate was the isolate 
with the best performance against R. solani with an inhibition rate of 47.84 %. The isolate with 
the lowest effect on mycelial growth of the pathogen was K19, with an inhibition rate of 4.71 
%. This study showed that endophytic root bacteria can be used effectively in the biocontrol of 
R. solani. 

Keywords: Potato, Biological control, Rhizoctonia solani, Endophytic bacteria 

 

GİRİŞ 
Besin değeri yüksek olan yumruları nedeniyle dünya çapında temel gıda olarak tüketilen patates 
(Solanum tuberosum L.), çok yıllık otsu bir bitki olmasına rağmen tarım alanlarında tek yıllık 
ürün olarak yetiştirilen önemli bir kültür bitkisidir. Anavatanı Güney Amerika olan patates, 
yüksek adaptasyon kabiliyetine sahip olması nedeniyle günümüzde yaklaşık 126 ülkede 
yetiştirilmektedir (Daşcı & Aslan, 2023). Çin, yıllık 95.570.055,48 tonluk patates üretimi ile 
Dünya’da ilk sırada yer alırken, Rusya, Hindistan, Ukrayna ve ABD patates üretimi içerisinde 
en fazla paya sahip olan diğer ülkeler olarak sıralanmaktadır (FAO, 2022). Dünya genelinde 
yetiştirilen patatesin yaklaşık yarısı taze olarak tüketilmekte, geri kalanı ise işlenmiş gıda ürünü, 
hayvan yemi, endüstriyel nişasta ve tohumluk olarak kullanılmaktadır (Öztürk & Polat, 2017).  

Kafkaslar (Rusya) üzerinden 1800’lü yılların ortalarında Anadolu’ya gelen ve başlangıçta 
Karadeniz yaylaları ile Doğu Anadolu’da yetiştirildiği belirtilen patates ülkemizin her 
bölgesinde yetiştirilebilmektedir. Ülkemizde yaklaşık 150 yıllık bir yetiştirilme geçmişine 
sahip olan patates, günümüzde ülkemizin en önemli tarımsal ürünlerinden biri haline gelmiş; 
üretimi, endüstrisi, pazarlaması ve tüketimi ile başlı başına bir sektör haline dönüşmüştür. 
Ülkemiz sahip olduğu ekolojik şartların zenginliği ile yıl boyu patates üretimini mümkün 
olduğu ender ülkelerden birisidir (Öztürk & Polat, 2017). Türkiye’nin yıllık patates üretimi 
5.700.000 tondur. Türkiye’nin patates üretiminde Niğde ili yıllık 757.480 ton’luk patates 
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üretimi ile ilk sırada yer alırken, bunu sırasıyla Kayseri, Afyonkarahisar, İzmir ve Konya illeri 
takip etmektedir (TUIK, 2023).  

Patates üretiminde hastalık ve zararlıların neden olduğu verim ve kalite kayıpları üreticilerin 
karşılaştığı en önemli problemlerin başında gelmektedir. Patates bitkilerinde yumru kalitesini 
ve pazar değerini düşüren çok sayıda hastalık etmeni bulunmaktadır. Bu etmenler arasında 
bakteriler, funguslar, virüsler, viroidler ve fitoplazmalar yer almaktadır (Agrios, 2005). Fungal 
hastalıklardan biri olan Rhizoctonia solani Kühn (Eşeyli dönem: Thanatephorus cucumeris 
(Frank) Donk) geniş bir konukçu dizisine sahip olup en az 200 bitki türünü enfekte etmektedir 
(Lehtonen et al., 2008). Gövde kanseri ve siyah kabukluluk hastalığına neden olan bu etmen 
patateste önemli nicel ve nitel kayıplara neden olmaktadır (Tsror, 2010; Demirci & Döken, 
2011; Kara & Arıcı, 2017). Nicel kayıplar, yumru boyutunu ve sayısını azaltan gövde, stolon 
ve kök enfeksiyonu nedeniyle meydana gelirken, nitel kayıplar şekilsiz yumru veya yumru 
kabuğundaki siyah renk değişiklikleri ile meydana gelmektedir (Kankam et al., 2021). Hastalık 
etmeni fungusun, ülkemizde patates üretiminin yoğun olarak yapıldığı İç ve Doğu Anadolu 
bölgelerinde yaygınlık gösterdiği rapor edilmiştir (Tuncer & Erdiler, 1990; Demirci & Döken, 
1993). R. solani’nin tohum ve toprak kökenli olması, yumru ile kolay taşınması ve patojenin 
çok sayıda alternatif konukçusunun olması nedeniyle hastalık etmeninin mücadelesi oldukça 
zordur (Boosalis & Scharen, 1959; Kara & Arıcı, 2017). Bu patojenle mücadelede bitki 
atıklarının yok edilmesi, solarizasyon, ekim nöbeti ve fungisit uygulamaları önerilmektedir. 
Ancak fungisit uygulamalarının çevresel ve ekonomik nedenlerden dolayı uygulanmasının zor 
ve tehlikeli olması, patojenin fungisitlere karşı dayanıklılık oluşturması mücadelesini 
zorlaştırmaktadır (Çapar, 2012; Panth et al., 2020).  

Konvansiyonel tarım şeklinin yaygınlaşmasıyla tarımda yoğun kimyasal kullanımının yol açtığı 
çevresel sorunlar küresel nitelikte sorunlara neden olmuş, bu durum sosyal ve ekonomik 
sorunları da beraberinde getirmiştir. Bu sorunlarla birlikte, gelecek nesiller için doğal 
kaynakları koruyan ve çevreye zarar vermeyen tarımsal üretim tekniklerinin kullanıldığı 
sürdürülebilir tarım anlayışı ortaya çıkmıştır (Eryılmaz & Kılıç, 2018). Dünya’da son yıllarda 
kullanılmaya başlayan sürdürülebilir tarım kavramının en belirgin tanımı, 1987 yılında Dünya 
Çevre ve Kalkınma Komisyonu tarafından ’Bugünkü kaynakların gelecek nesillere, kendi 
ihtiyaçlarını karşılama yeteneklerini tehlikeye atmadan aktarılması’ olarak yapılmıştır (Saber, 
2001). Sürdürülebilir tarımın devamlılığı için çevre sağlığı hayati önem taşımaktadır. 
Günümüzde çevre sağlığını korumak ve kimyasalların mevcut zararlarını azaltmak veya yok 
etmek için biyofumigasyon, biyogübre, biyoremidasyon ve biyopestisit kavramları oldukça 
popüler hale gelmiştir. Son yıllarda bitki hastalıklarının biyolojik mücadelesi için bitki 
büyümesini teşvik eden ve çeşitli bitki hastalıklarını kontrol altına alan bakterilerin kullanılması 
oldukça yaygındır (Latha et al. 2019; Akbaba & Genc Kesimci, 2023). Bu bakterilerin önemli 
bir alt-grubunu oluşturan endofitik bakteriler (EB); bitkilerin içsel dokularını kolonize ederek, 
çeşitli mekanizmalarla bitki büyümesini artırmakta, biyotik ve abiyotik stresin bitkiler 
üzerindeki olumsuz etkilerini azaltmaktadır (Akbaba & Özaktan, 2018; Altunlu, 2020). 
EB’lerin fungal patojenlere karşı etkili olduğu yapılan çalışmalarda tespit edilmiştir (Berg & 
Hallmann, 2006).  

Bu çalışmanın amacı bitki gelişmini teşvik edici özellikleri bilinen endofitik kök bakterilerinin, 
in vitro koşullarda R. solani’nin misel gelişimi üzerine etkilerinin belirlenmesidir. 
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MATERYAL VE YÖNTEM 

Test patojeni ve endofitik bakteri izolatları 
Bu çalışma için test patojeni olarak, patates yumrularından izole edilen ve Iğdır Üniversitesi 
Ziraat Fakültesi Fitopatoloji laboratuvarı kültür koleksiyonunda bulunan R. solani AGR1 izolatı 
kullanılmıştır. Bu izolat, Patates Dekstroz Agar (PDA) içeren test tüpte 5°C’de 
depolanmaktadır. Ayrıca Iğdır ilinde 2021 yılında yapılan sörveylerde Tuzluca, Aralık, 
Karakoyunlu ve Merkez ilçelerinden toplanan tuz stresine maruz kalan domates bitkilerinin 
köklerinden izole edilmiş, ön tanı bilgileri, bitki gelişimini teşvik edici özellikleri (siderofor 
üretimi, fosfatı çözme aktivitesi, IAA üretimi ve nitrojen fiksasyon aktivitesi) ve tuz toleransı 
Akbaba & Özden (2023)’de belirlenmiş olan 54 endofitik bakteri izolatı kullanılmıştır. Ayrıca 
Triptik Soya Agar (TSA), King’s medium B (KB), Nutrient Agar (NA) ve Nutrient Broth (NB) 
gibi besi ortamlarından bakteri kolonilerinin geliştirilebilmesi aşamasında yararlanılmıştır 
(Schaad et al., 2001). 

In vitro’da fungal patojenlere karşı rizobakterilerin ikili kültür testleri 
R. solani ile endofitik bakteri izolatları arasındaki antagonistik ilişkiyi belirlemek için ikili 
kültür yöntemi kullanılmıştır. Bu yöntemde R. solani PDA içeren besi ortamında 7 gün 
geliştirilmiştir. Bununla birlikte rizobakteri izolatları da TSA besiyerinde 48 saat boyunca 24 ± 
2°C’de geliştirilmiştir. Fungal izolatlara ait kültürlerden 5 mm çapında alınan 1 disk, PDA 
içeren petrilerin (9 cm) merkezine yerleştirilmiştir. Endofitik bakteri izolatları ise aynı anda 
petri kabının 1 cm içerisinden karşılıklı olacak şekilde ekim yapılmıştır. Petriler 24 ± 2°C’de 
inkübasyona bırakılmıştır (Hang et al., 2005; Dönmez et al., 2015). Deneme 3 tekerrürlü olarak 
kurulmuştur. Bakteri inokule edilmeyen, sadece fungus ekimi yapılan petriler kontrol grubu 
olarak değerlendirilmiştir. In vitro deneme sonunda inhibisyon oranının ölçümü, R. solani 
AGR1 izolatının petri kapını tamamen kapladığı 7. günün sonunda yapılmıştır. İnhibisyon oranı 
(%), kontrol petrilerindeki fungus koloni yarıçapı ile bakteri inokulasyonu yapılan petrilerdeki 
fungus koloni yarıçapı ölçülerek, aşağıdaki formüle (1) göre % engelleme oranı hesaplanmıştır 
(Çubukçu, 2007). 

Engelleme oranı (%)=
 (Kontroldeki fungus koloni yarıçapı − Uygulamadaki fungus koloni yarıçapı)

 Kontroldeki fungus koloni yarıçapı
× 100 

In vitro’da başarılı olan endofitik bakteri izolatlarının moleküler tanısı 
In vitro test sonuçlarına göre R. solani’ye karşı başarılı bulunan EB’lerin moleküler tanısı, 16s 
rRNA gen bölgesine göre tasarlanmış, universal primerler 27F (5′-
AGAGTTTGATCCTGGCTCAG-3′) ve 1492R (5′-CTACGGCTACCTTGTTACGA-3′) 
kullanılarak yapılmıştır (Hou et al., 2018). PCR için DNA ekstraksiyonu ticari DNA 
ekstraksiyon kiti (BS423 - Biobasic, Canada) kullanılarak yapılmıştır. EB kültürleri, TSA 
besiyerinde 24-48 saat 25 °C’de gelişmeleri için inkubasyona bırakılmıştır. Gelişen EB 
kültürleri steril saf su ile süspanse edilerek DNA ekstraksiyonu için uygun yoğunlukta 
(OD600nm, 0.1) hazırlanmıştır. Akbaba & Ozaktan, (2018) tarafından optimize edilmiş PCR 
protokolü ve EB’lerden ekstrakte edilmiş DNA örnekleri kullanılarak reaksiyon 
gerçekleştirilmiştir. PCR ürünleri, RedSafeT (2000x, iNtRON Biotechnology) nükleik asit 
boyama solusyonu ile boyanmış, 0.5 x TAE buffer (50xTrisacetate-EDTA, Fermentas) içeren 
% 1,5’lik agaroz jelde, 80 V’ta 90 dk boyunca yürütülmüştür. GeneRulerTM100 bp DNA 
ladder (Fermentas) kullanılarak, 1465 bp ortaya çıkan bantlar UV ışık altında 
görselleştirilmiştir. PCR ürünlerinin pürifikasyon ve Sanger dizileme işlemleri Macrogen 
(Hollanda) şirketi tarafından gerçekleştirilmiştir. Sekansların temizlenmesi ve düzenlenmesi 
Geneious Prime (Version 2024.0.1) ile yapılmıştır. DNA sekansları, BLASTn software 
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(https://blast.ncbi.nlm.nih.gov/) kullanılarak GenBank sekansları ile karşılaştırılmıştır. Bu 
çalışmadaki EB’lere ait 16S rRNA sekansları, GenBank database içerisine erişim numaraları 
ile kayıt edilmiştir. 

İstatistiksel analizler 
Çalışmada elde edilen veriler SPSS (IBM SPSS Statistics, version 18.0) istatistik programında 
analize tabi tutulmuştur. Uygulamalar arasında fark olup olmadığı tek yönlü varyans analizi 
(ANOVA) ile belirlenmiş olup, bu belirlenen farklılıklar için gruplara ayrılma işlemi DUNCAN 
çoklu karşılaştırma testi kullanılarak yapılmıştır (p<0.05). 

SONUÇ VE TARTIŞMA 

Çalışmada test edilen 54 endofitik bakteri izolatı arasında K14, K19, K78, K83, K154, K188 
ve K193 izolatları etkili bulunmuştur. Çizelge 1’de sunulduğu gibi bu izolatların R. solani 
AGR1 izolatının misel gelişimini % 4.71- 47.85 arasında değişen düzeylerde engellediği tespit 
edilmiştir.  
Çizelge 1. Endofitik bakteri uygulamalarının Rhizoctonia solani’ye karşı in vitro da biyokontrol 
etkileri 

İzolat Kodu Bakteri Koloni 
Yarıçapı 

Ortalama(cm) 

Fungus Koloni 
Yarıçapı 

Ortalama(cm) 

İnhibisyon 
oranı  

(%) 
K14 0,43 3,90±0,068 c* 8,24 
K19 0,35 4,05±0,022 d 4,71 
K78 0,42 3,93±0,042 cd 7,45 
K83 0,35 3,97±0,055 cd 6,67 
K154 0,48 3,70±0,036 b 12,94 
K188 0,45 3,93±0,033 cd 7,45 
K193 0,57 2,22±0,060 a 47,84 
K7, K8, K9, K11, K12, K13, K18, K20, K27, K31, K32, K39, 
K40, K41, K62, K63, K65, K69, K70, K71, K72, K73, K76, 
K84, K97, K98, K99, K103, K104, K105, K106, K114, K115, 
K116, K117, K127, K128, K134, K135, K138, K147, K158, 
K160, K161, K170, K185, K192 

Belirlenmedi 4,25±0,000 e 0,00 

Kontrol 0,00 4,25±0,000 e 0,00 
*Duncan çoklu karşılaştırma testine göre aynı sütunda aynı harfler ile gösterilen ortalamalar arasındaki fark P < 0.05’e göre 
önemsizdir. 

Endofitik bakteri uygulamalarından, K193 kodlu izolatın % 47.84 inhibisyon oranıyla, R. 
solani’ye karşı en iyi performansı gösteren izolat olduğu belirlenmiştir (Şekil 1). Benzer şekilde 
patojenin misel gelişimi üzerine en düşük oranda etkili olan izolat ise % 4.71 inhibisyon oranı 
ile K19 kodlu izolat olarak tespit edilmiştir. 
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Şekil 1. Endofitik bakteri uygulamalarının Rhizoctonia solani’nin misel gelişimi üzerine etkisi  

In vitro denemelerde kullanılan ve R. solani’ye karşı biyokontrol etkiye sahip olan 7 izolatın 
16s rDNA bölgesine göre tasarlanan 27F-1492R primerleri kullanılarak moleküler düzeyde 
tanıları gerçekleştirilmiştir (Şekil 2). 

 

Şekil 2. 16s rRNA gen bölgesi için elde edilen PCR ürünün jel görüntüsü (NK: Negatif Kontrol) 

Bu izolatlara ait ön tanı testleri ve sekans analizi sonuçlarına göre, Çizelge 2’ de görüldüğü gibi 
K14 izolatı Serratia liquefaciens, K78 ve K83 izolatları Enterobacter ludwigii, K154 izolatı 
Enterobacter cloacae ve K193 izolatı ise Bacillus mojavensis olarak tanılanmıştır. K19 ve 
K188 izolatlarının ise sekans analizi sonucunda düşük kalitede sekanslar elde edilmesi nedeni 
ile moleküler düzeyde tanıları yapılamamıştır. 

Çizelge 2. Endofitik bakteri izolatları NCBI blast bilgileri ve erişim numaraları 

Kodu NCBI erişim numarası NCBI’da eşleştiği tür ve erişim numarası Benzerlik(%) 
K14 PP455485 Serratia liquefaciens strain CIP 103238 (NR_042062.1) 99.62 
K78 PP455486 Enterobacter ludwigii strain EN-119 (NR_042349.1) 99.64 
K83 PP455487 Enterobacter ludwigii strain EN-119 (NR_042349.1) 99.32 
K154 PP455488 Enterobacter cloacae strain NBRC 13535 (NR_113615.1) 98.16 
K193 PP455489 Bacillus mojavensis strain NBRC 15718 (NR_112725.1) 96.79 

Agrobacterium, Alcaligenes, Arthrobacter, Bacillus, Enterobacter, Erwinia, Pseudomonas, 
Rhizobium, Serratia, Stenotrophomonas, Streptomyces ve Xanthomonas dahil olmak üzere çok 
sayıda bakteri cinsine ait türlerin, fungal ve bakteriyel patojenlere karşı farklı etki 
mekanizmaları kullanarak bitkileri hastalıktan koruma aktivitesine sahip olduğu bilinmektedir 
(Bonaterra et al., 2022). Bu çalışmada tanısı yapılan ve R. solani’ye karşı biyokontol etki 
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gösteren bakteri izolatları da, Bacillus, Serratia ve Enterobacter cinsleri içerisinde yer 
almaktadır.   

Büyümeyi teşvik etme ve bitki hastalıklarının kontrolünü sağlama yeteneğine sahip endofitik 
bakteriler, biyolojik mücadelede ve sürdürülebilir tarımda başarılı olabilir (Pirttilä et al., 2021). 
Bu kapsamda çalışmamızda, biyolojik mücadele açısından önemli bakteri cinsleri içerisinde yer 
alan 7 endofitik bakteri izolatının in vitro koşullarda R. solani’nin misel gelişimini sınırladığı 
tespit edilmiştir. Patatesden izole edilen endofitik bakterilerin, toprak kökenli patates 
patojenleri Fusarium oxysporum, Rhizoctonia solani, Verticillium dahliae, Streptomyces 
scabies ve Ralstonia solanacearum'a karşı ikili kültür yöntemiyle değerlendirildiği benzer bir 
çalışmada, bu patojenlere karşı yüksek derecede antagonistik aktiviteye sahip bakterilerin 
Bacillus subtilis, Bacillus mojavensis ve Klebsiella variicola türlerine ait izolatlar olduğu rapor 
edilmiştir (Shirazi et al., 2022). Domates ile ilişkili rizobakteri izolatlarının antimikrobiyal 
etkisinin araştırıldığı başka bir çalışmada, Rhizoctonia kök çürüklüğü hastalık şiddetini azaltan 
en etkili bakterilerin Bacillus thuringiensis B2, Bacillus subtilis B8 ve B10, Enterobacter 
cloacae B16, ve Bacillus amyloliquefaciens B21 izolatları olduğu rapor edilmiştir (Abdeljalil 
et al., 2016). Ayrıca çalışmamızda R. solani’nin milselyal gelişimini sınırlayan Serratia 
liquefaciens’in Sclerotinia sclerotiorum, Fusarium oxysporum, Rhizoctonia solani, Botrytis 
cinerea ve Alternaria alternata dahil olmak üzere çeşitli fitopatojenik funguslara karşı 
antifungal aktivite gösterdiği rapor edilmiştir (Michail et al., 2022). Serratia spp.’nin uyarılmış 
sistemik direncin (ISR) aktivasyonu yoluyla bir bitkinin çeşitli fitopatojenlere karşı savunma 
mekanizmalarını tetiklediği bildirilmiştir (Kshetri et al., 2019). Bu çalışma ve literatürdeki 
örnekleri incelendiğinde, endofitik bakterilerin R. solani’nin biyolojik mücadelesinde etkili bir 
şekilde kullanılabileceğini göstermiştir. Ayrıca endofitik bakteri izolatlarından bazılarının bitki 
gelişimini teşvik edici özelliklerinin de oldukça iyi olduğu önceki çalışma sonuçlarında tespit 
edilmiştir (Akbaba & Özden, 2023). İzolatların moleküler tanılarının tamamlanmasının 
ardından, in vivo koşullarda R. solani’ye karşı etkilerinin belirlenmesi gelecekteki çalışmalar 
arasında planlanmıştır. Tarımın sürdürülebilirliği için, çevre sağlığını, doğal dengeyi korumak 
ve kimyasalların mevcut zararlarını azaltmak veya yok etmek gereklidir. Bu nedenle biyogübre, 
biyoremidasyon ve biyopestisit gibi konulara odaklanılmalıdır. 
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ABSTRACT

Over the past twenty-five years, the concept of innovation has evolved towards an 
evolutionary model and systems orientation. This is because the concept of innovation 
emerges from the interaction of different actors. Innovation is literally defined as the process 
of improving the current situation or developing a completely new approach. It should not be 
forgotten that agricultural activities are the most important purpose of humanity for the 
continuation of its existence and survival, and that it is the priority area to be developed in 
order to feed the growing world population. It is well known that biotechnological methods 
are undoubtedly the most important development that will be the hope for the food crisis that 
may occur as a result of wrong agricultural activities and feeding the growing population. The 
term biotechnology refers to all the technologies that have the ability to fill the food, health 
and energy deficit caused by the lack of natural resources in agriculture or after incorrect 
agricultural activities. These technologies are directly related to the medical, industrial, 
environmental and agricultural sectors.

The innovation system aims at the production of science and technology by small or large, 
public or private firms, universities and public institutions, ensuring the regulation, financing 
and protection of new scientific and technological developments that emerge through the
interaction between institutions, organisations and firms within national borders. These 
developments emerge as a result of the interaction between these organisations. Turkey has 
taken important steps in the fields of biotechnology and innovation and has a rapidly 
developing ecosystem. However, in order for Turkey to fully realise its potential in 
biotechnology and innovation, more R&D investments, training opportunities and cooperation 
opportunities need to be provided. Turkey's biotechnology and innovation model should 
include elements such as public-private sector co-operation, university-industry co-operation 
and entrepreneurship ecosystem. In this way, Turkey can achieve further growth and 
development in biotechnology and innovation and increase its competitiveness at local and 
global level.

Key Words: Agricultural Biotechnology; Innovation; R&D
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Anahtar Kelimeler: 

Poultry meat plays a critical role in human nutrition in terms of being cheaper than red meat, 
having a short production period and being more easily accessible. In order to increase white 
meat production, which has an important role in meeting the protein needs of people of 
animal origin, the number, capacity and the amount of animal products obtained from unit 
area of intensive broiler chicken production are gradually increasing. In order to increase the 
amount of animal products per unit area and at the same time shorten the production period, 
there have been many developments such as the development of hybrid breeds, increasing the 
number of animals per unit area, determining the requirements of broiler chickens precisely, 
making sensitive feeding in this direction and using feed additives. These developments, as 
poultry productivity has increased, the demand for nutrients from embryos has changed. 
However, the chemical composition of the egg has remained almost unchanged. For this 
reason, the provision of nutrients and additives that promote the development of embryos has 
been investigated. Herein in recent years, the in ovo feeding method has enabled embryo 
feeding. In this method, it is applied by injection of nutrients and additives in the form of a 
solution into the embryo, or embryo sacs of embryos at any time of incubation. The injection 
of nutrients and additives during incubation affects immunity, muscular and digestive system 
development before and after hatching. However, the route, dose, method and timing of in 
ovo injection, as well as host factors, can cause variation and thus inconsistencies in results. 
Studies using this method have demonstrated the benefits of injection of different single 
bioactive compounds. However, to be successful in poultry production, researchers need to 
know exactly the appropriate route and time of injection, the optimum dose and the effective 
combination of different compounds. As a result, the use of in ovo technique will be an 
important method that can increase the profitability of the producer in the poultry sector, 
especially in broiler breeding. In this review, the effects of in ovo feeding on performance and 
health parameters of poultry were investigated. 

Keywords: poultry, in ovo feeding, hatching, embryo 
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Tablo 1.

Hayvan 
grubu

Enjekte 
edilen 
madde

Enjeksiyon Enjeksiyon Etki Kaynak

Broyler Hava 
kesesine 

18 Hajati vd. 
(2014)

Broyler Prebiyotik 
Sinbiyotik 

Hava 
kesesine 

12 Maiorano 
vd. (2012)

Broyler Betain 
Kolin

Hava 
kesesine 

12 Gholami vd. 
(2016) 

Broyler Glukoz Hava 
kesesine 

18
(2004) 

Broyler Propolis Hava 
kesesine 

18 Kop Bozbay 
vd. (2016)

Broyler Glukoz 
Glukoz+Mg kesesine 

7 Salmanzadeh 
vd. (2012)

Broyler Vitamin C Amniyon 
kesesine 

15 Soltani vd. 
(2019)

Broyler L-arginin Amniyon 
kesesine 

17 Yu vd. 
(2018)

L-arginin - 0 Al-Daraji vd. 
(2012)

Propolis Amniyon 
kesesine 

14 Aygun 
(2016) 

mallikleri, 
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ABSTRACT 
Introduction and Purpose: Meeting the increasing food demand in line with the growing 
world population is becoming increasingly challenging. Climate change and limited resources 
have directed the agricultural sector towards reshaping through digital transformation. In this 
study, the contributions of Industry 4.0 technologies to the agricultural sector were investigated, 
as well as the role of robots in agricultural tasks and the effects of digitalization on the 
agricultural sector, were examined. Materials and Methods: A systematic literature review 
was conducted to propose a decision model. Results: The current state and applications of 
Industry 4.0 in agriculture were studied as part of a literature review and sector analysis. 
Industry 4.0 applications in agriculture have the potential to direct the sector toward a more 
efficient and sustainable future. Discussion and Conclusion: Factors such as high labor costs 
and physical challenges in the agricultural sector have encouraged the proliferation of robotic 
applications. Industry 4.0 implementations play a significant role in increasing agricultural 
productivity, optimizing decision-making processes, and promoting sustainable agricultural 
practices. This study aims to contribute to the literature by evaluating recent developments in 
agriculture within digital transformation. 
Key Words: Agricultural Sector, Digital Transformation, Industry 4.0, Smart Agriculture 
 
 

ÖZET 
Giriş ve Amaç: Artan dünya nüfusuyla birlikte gıda talebinin karşılanması giderek 
zorlaşmaktadır. İklim değişikliği ve sınırlı kaynaklar, tarım sektörünü dijital dönüşümle 
yeniden şekillendirmeye yönlendirmiştir. Bu çalışmada, Endüstri 4.0 teknolojilerinin tarım 
sektörüne sağladığı katkılar araştırılmış, robotların tarımsal faaliyetlerdeki rolü ve tarım 
sektöründeki dijitalleşmenin sonuçları incelenmiştir. Gereç ve Yöntem: Sistematik literatür 
taraması yapılarak bir karar modeli önerilmiştir. Bulgular: Endüstri 4.0'ın tarım sektöründeki 
konumu ve uygulamaları, literatür taraması ve sektörel araştırmalar çerçevesinde incelenmiştir. 
Endüstri 4.0'ın tarım sektöründeki uygulamaları, sektörü daha etkin ve sürdürülebilir bir 
geleceğe doğru yönlendirme potansiyeline sahiptir. Tartışma ve Sonuç: Tarım sektöründeki 
yüksek işçilik maliyetleri ve fiziksel zorluklar gibi faktörler, robotik uygulamaların 
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yaygınlaşmasını teşvik etmiştir. Endüstri 4.0 uygulamaları; tarımsal verimliliği artırmak, karar 
verme süreçlerini optimize etmek ve sürdürülebilir tarım uygulamalarını teşvik etmek açısından 
önemli bir rol oynamaktadır. Bu çalışma, dijital dönüşüm ile tarımdaki son gelişmelerin 
değerlendirilmesiyle literatüre katkı sağlamayı amaçlamaktadır. 
Anahtar Kelimeler: Tarım Sektörü, Dijital Dönüşüm, Endüstri 4.0, Akıllı Tarım 
 
 
GİRİŞ 

2050 yılında 9,7 milyara ulaşması beklenen dünya nüfusunun küresel gıda talebini %70 
oranında artıracağı tahmin edilmektedir. Artması beklenen gıda talebinin karşılanabilmesi, 
tarımsal üretimin birim alan başına maksimuma çıkarılmasını gerektirse de iklim değişikliği 
nedeniyle tarımsal üretim %10 oranında azalması öngörülmektedir (Alem vd., 2023). Bu 
durum, tarımsal sürdürülebilirliği sağlamak için çeşitli dijital teknolojilerin tarım sektörüne 
entegre edilerek akıllı tarım sistemlerinin geliştirilmesine zemin hazırlamıştır (Mendes vd., 
2022). Tarım sektöründe, gelişen teknolojiyle birlikte geleneksel tarım uygulamaları yerini 
akıllı tarım uygulamalarına bırakmıştır. Bu kapsamda; sensörler, uzaktan algılama sistemleri, 
yapay zekâ ve otomasyon gibi akıllı teknolojilerin tarıma entegre edilmesi tarım 
operasyonlarını daha verimli, çevre dostu ve sürdürülebilir hale getirme potansiyeline sahiptir. 
Endüstri 4.0’ın tarım sektörü ile ilişkisi; tarım sektörünü daha akıllı, daha verimli ve 
sürdürülebilir bir geleceğe yönlendiren önemli bir dönüşümü temsil eder. Tarımsal işçiliğin 
fiziksel zorluğu, tarımsal faaliyetlerin doğası gereği tekrarlanan işlerden oluşması ve işçilik 
maliyetlerindeki artış, tarımda robotik ve mekatronik uygulamaları hızlandırmıştır (Mekonnen 
& Hoekstra, 2016). Bu teknolojik gelişmeler, çiftçilere daha fazla kaynak ve etkili adımlarla 
daha fazla verimlilik sunarak sürdürülebilir tarım hedeflerine katkıda bulunabilir.  

Modern robotik; düşük maliyetli, hafif ve akıllı bileşenler kullanılarak oluşturulabilme 
avantajına sahiptir. Cep telefonları, oyun konsolları ve mobil bilgi işlem sistemleri gibi tüketici 
elektroniğinde yaygın kullanılan yüksek kaliteli kameralar ve gömülü işlemciler bu tür 
platformlara çok düşük maliyetle yerleştirilebilmektedir (Shamshiri et al., 2018). Tarım 
arazilerinde kullanılan robotlar, belirli görevleri yerine getirmek için tasarlanmışlardır. Ancak, 
bu robotlar genellikle sınırlı bir alanda ve belirli bir sınırda çalışabilmektedirler. Son 
zamanlarda ise, çok sayıda farklı görevi yerine getirebilen çok amaçlı robotlar geliştirilmeye 
başlanmıştır. Ancak, bu sistemlerin bir zayıf noktası, genellikle çeşitli gerçek saha koşullarına, 
örneğin çamur, yağmur, sis, düşük ve yüksek sıcaklıklara dayanıklı olmamalarıdır. Tarım 
robotlarının, zorlu, dinamik ve örneğin seralarda olduğu gibi yarı yapılandırılmış ortamlarda 
hareket etmeleri gerekmektedir. Yer robotlarının engebeli, homojen olmayan, çamurlu 
topraklarda hareket etmesi, hava araçlarının ise farklı hava koşullarında uzun süre çalışabilmesi 
gerekmektedir. Ancak, seralarda raylar üzerinde veya beton zeminde, açık alanlarda ise aşırı 
çamurlu ve zorlu arazilerde hareket etmekte zorluklar yaşanabilmektedir. 

Bu noktada, tarımsal robotlarının dayanıklılığını artırmak ve görevlerini gerçek saha 
koşullarında etkin bir şekilde yerine getirebilmeleri için daha fazla Ar-Ge ve inovasyon 
çalışmalarına ihtiyaç vardır. Ayrıca, tarımsal robotlarının tasarımında uyumluluğa odaklanmak 
da önemlidir. Böylelikle, tarımsal robotların mevcut tarım ekipmanlarına kolayca entegre 
edilmesiyle farklı görevleri yerine getirebilen robotların geliştirilmesi de mümkün olabilir. 
Robotik uygulamaların daha da geliştirilmesi, tarımın daha verimli ve sürdürülebilir hale 
gelmesine katkıda bulunabilir. Ancak, çevresel şartlar ve teknolojik sınırlamalar da göz önünde 
bulundurulmalıdır. 
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Bu çalışmada, Endüstri 4.0 teknolojilerinin tarım sektörüne sağladığı katkılar araştırılarak  
tarımsal faaliyetlerdeki rolü ve tarım sektöründeki dijitalleşmenin sonuçları incelenmiştir. 
Literatürdeki çalışmalardan yola çıkarak bir tarımda dijital dönüşüm için bir karar modeli 
önerilmiştir. Endüstri 4.0'ın tarım sektöründeki konumu ve uygulamaları, literatür taraması ve 
sektörel araştırmalar çerçevesinde değerlendirilmiştir. Çalışma, dijital dönüşüm ile tarımdaki 
son gelişmelerin değerlendirilmesiyle literatüre katkı sağlamayı amaçlamaktadır. 
 
 
LİTERATÜR ARAŞTIRMASI 
 
Bu bölümde, tarımda dijital dönüşüm ile ilgili literatürde yer alan çalışmalara yer verilmiştir. 
Şahin (2022), dijital tarımda yükselen trendler, karşılaşılan temel problemler ve geleceğin tarım 
uygulamalarında kurumlar arası ortak stratejilerin nasıl geliştirilebileceği sorularına cevaplar 
aranmıştır. Makalede literatür taraması yapılarak, akıllı tarım teknolojilerinin çiftçilerin 
hizmetine sunulması gerektiğini sonucuna varılmıştır. Liu vd. (2020) endüstriyel tarımın 
mevcut durumunu inceleyerek endüstriyel tarım-gıda tedarik zincirlerini değerlendirilmiştir. 
Özellikle, gelişen teknolojilerin tarım sektöründeki temel uygulamalarına ve karşılaşılan 
araştırma zorluklarına odaklanılmıştır. Abdalla ve El-Ramady (2022) tarafından yapılan 
çalışmada tarımın önemi vurgulanarak, özellikle biyoinformatik alanında yapılan ilerlemelerin 
tarım sektörünü esnek ve gelişmiş bir noktaya getireceği belirtilmiştir. Çalışmada, 
araştırmacılardan akıllı tarımın çeşitli yönlerini, özellikle sulama, gübreleme ve benzeri 
uygulamalardaki uygulamalarını inceleyen makaleler sunmalarını istenerek, bu konuda daha 
fazla bilgi ve deneyimin geliştirilmesine katkıda bulunulması amaçlanmıştır. Dayıoğlu ve 
Turker (2021), su-enerji-gıda kaynaklarına dayanarak tarımsal dijital dönüşüm kapsamında 
sürdürülebilir kalkınma için bütünsel çözümler sunmuşlardır. Tarım 4.0 kapsamında ele alınan 
dijital tarım, izleme, kontrol, tahmin ve lojistik alanlarına değinmişlerdir. Çalışma, IoT, bulut 
bilişim, büyük veri, yapay zekâ, karar destek sistemleri gibi dijital teknolojileri örneklerle 
açıklamaktadır. Aydın (2022), tarımın evrimine odaklanmıştır. Dijital tarımın, nesnelerin 
interneti, veri yönetimi, akıllı ağlar gibi konseptleri içerdiği belirtilmiş ve bu sayede çiftçilerin 
bilinçli kararlar alabildiği ve üretimde artış sağlayabildiği vurgulanmıştır. Dijitalleşmenin, 
toprağın korunması, organik madde artışı, çeşitlendirmenin teşvik edilmesi ve girdi 
kullanımının azaltılması gibi sürdürülebilirlik hedeflerine nasıl katkı sağlayabileceği ifade 
edilmiştir. Ertaş (2020), yaptığı çalışmada genel ve özel araştırma yöntemleri kullanarak 
Hollanda, Tayvan, İsrail, Japonya ve Amerika Birleşik Devletleri’nin akıllı tarım uygulama   
deneyimleri incelenmiş   ve Türkiye için genel durum çözümlemesi yapmıştır. Alekseeva vd. 
(2021), tarımın modern koşullarda yenilikçi gelişiminin yüksek bir seviyede olduğunu ve 
dijitalleşmenin tarımın istikrarlı işleyişi ve verimliliğinin büyümesi için önemli bir ivme 
kazandıracağını belirtmiştir. Tarımda dijital dönüşümün, makine ve hassas tarım teknolojilerini 
içeren teknolojilerin kullanımında yeni bir seviyeye geçişi içerdiği belirtilmiştir. Hrustek 
(2020), tarım sektöründe dijital teknolojilerin sürdürülebilirlik hedeflerine nasıl katkıda 
bulunabileceğini ve tarımın bu süreçte lider bir rol oynayabileceğini açıklamıştır. Dijital 
teknolojilerin tarım süreçlerini nasıl etkileyebileceğine dair bir genel bakış sunmuş ve bu 
dönüşümün tarımın ekonomik, çevresel ve sosyal sürdürülebilirlik hedeflerine ulaşmak için 
nasıl bir araç olabileceğini tartışmıştır. Nemchenko vd. (2020), dijital teknolojinin tarımsal 
üretimi nasıl etkileyebileceğini ve bu dönüşümün temel hedefinin gıda güvenliğini sağlamak 
ve tarım üretiminin rekabet avantajları elde etmesini sağlamak olduğunu vurgulamışlardır. 
Zorluklara rağmen, tarım sektöründe dijital dönüşümün sürdürülebilir bir ekonomik ve 
organizasyonel seviyeye taşınmasından başka bir alternatifinin olmadığı belirtilmiştir. 
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Tarımda Dijital Dönüşüm Model Önerisi 
 
Yapılan literatür araştırası sonucunda, mevcut tarım sistemlerinin dijitalleşme sürecinde insani 
ve çevresel boyutların göz ardı edilerek, yalnızca yüksek teknolojinin kullanımına 
odaklanıldığına ve tarımda dijitalleşme süreçlerini objektif olarak değerlendirebilecek bir 
aracın bulunmadığı gözlemlenmiştir (Büyük vd., 2021).  Martins vd. (2023), tarımda dijital 
dönüşüm için tutarlı kriterlerin bulunmamasının proje geliştirme ve endüstriyel uygulamalara 
yönelik ilerlemeyi kısıtlayabileceğine değinmiştir. Bu nedenle, bu çalışma kapsamında tarım 
sektöründe dijital dönüşümün değerlendirilmesi sürecinde göz önünde bulundurulması gereken 
ana kriterlerin belirlenmesi amaçlanmıştır. Literatür taramasında bu amaca yönelik tasarlanmış 
modellerin sınırlı olması ve bütüncül bir karar verme mekanizmasının bulunmaması da 
araştırma alanında bir eksiklik olarak değerlendirilmiş ve akademik motivasyon kaynağı olarak 
görülmüştür. Tablo 1’de farklı sektörlerde yapılan dijital dönüşüm ve dijital olgunluk ile ilgili 
çalışmalarda önerilen ana kriterlere yer verilmiştir. Tabloda yer alan ve Zhang vd. (2019), 
Büyük vd. (2021), Mendes vd. (2021), Safiullin vd. (2022), ve Martins vd (2023) tarafından 
yapılan çalışmalar tarım sektörü ile ilgili olup, bu alandaki tüm çalışmaların ele alınarak tarımda 
dijital dönüşüm için kapsamlı bir kriter seti geliştirilmesi gelecek çalışmalar için motivasyon 
sağlamaktadır.  
 
Tarımda dijital dönüşümün değerlendirilmesi kapsamında ulusal ve uluslararası literatürde öne 
çıkan kriterler Tablo 1’de gösterilmektedir.  
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Tablo 1. Tarımda Dijital Dönüşüm Alanında Öne Çıkan Kriterler 
 

Referanslar / Kriterler 

St
ra

te
ji 

 

Li
de

rli
k 

Y
ön

et
im

 

M
üş

te
ril

er
 

Ü
rü

nl
er

 

İş
le

m
le

r/S
ür

eç
le

r 

K
ül

tü
r 

Ç
al

ış
an

la
r, 

B
ilg

i v
e 

Be
ce

ril
er

 

Te
kn

ol
oj

i 

O
rg

an
iz

as
yo

n 

Ek
on

om
i 

Ç
ev

re
se

l S
ür

dü
rü

le
bi

lir
lik

 

A
lty

ap
ı 

İş
 B

irl
iğ

i 

D
eğ

işi
m

 

Y
en

ili
k 

A
kı

llı
 Ü

rü
nl

er
 

A
kı

llı
 S

er
vi

sle
r 

A
kı

llı
 Ü

re
tim

 

A
kı

llı
 Ç

ift
lik

 

A
kı

llı
 T

es
is 

İz
le

m
e 

ve
 K

on
tro

l 

V
er

i A
na

liz
i v

e 
Y

ön
et

im
i 

B
ilg

i Y
ön

et
im

i 

O
to

m
as

yo
n 

V
er

im
lil

ik
 

Sü
re

kl
ili

k 

Schumacher vd. (2016) X X X X X X X X X                                     
De Carolis vd. (2017)           X     X X                       X           
Klötzer and Pflaum (2017) X                         X     X                     
Tupa vd. (2017)               X                                       
Wagire vd. (2020) X                 X             X X                   
Von Leipzig vd. (2017) X X X   X X X X X                                     
Wibowo and Taufik (2017)                                                       
Ataman (2018) X         X                                           

Eke (2018)                                                       

Bibby and Dehe (2018) X           X X                                       

Keskin et al. (2019) X                 X                                   

Kayar (2019) X         X     X X           X                       

Zhang vd. (2019) X           X   X                           X         

Büyüközkan and Güler (2020)             X   X X                                   

Hizam-Hanafiah vd. (2020) X X       X   X X             X                       

Baltacı (2020)                   X                                   

Büyük vd. (2021) X             X X                     X X   X         

Baki and Serdar (2020)  X             X   X             X                     

Kaya vd. (2020)   X X X X X X X X X                                   

Etkeser and Apilioğulları (2021) X             X   X                 X                 

Borštnar and Pucihar (2021) X                                                     

Kıyıklık vd. (2022) X     X         X X                                   

Mendes vd. (2022)     X         X X   X X X X X                         

Simetinger and Basl (2022) X               X X                                   

Heinz vd. (2022)                                 X X                   

Ting vd. (2022)                                                       

Chen vd. (2022) X                             X                       

Safiullin vd. (2022)     X   X   X X X                           X         

Martins vd. (2023)                                               X X X X 
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ENDÜSTRİ 4.0’IN TARIM SEKTÖRÜNDEKİ YERİ VE UYGULAMALARI 
 
Endüstri 4.0, tarım sektörünün daha verimli, sürdürülebilir ve rekabetçi hale gelebilmesinde 
yeni imkanlar sunmaktadır. Tarımda Endüstri 4.0'ın getirdiği yenilikleri anlamak çiftçilere ve 
tarım sektörüne avantajlar sağlamaktadır. Tarımın Endüstri 4.0 ile ilişkisi, sektördeki işlemlerin 
dijitalleşmesi ve akıllı tarım uygulamalarının yaygınlaşması sonucu ortaya çıkan yenilik ve 
verimlilik artışını içermektedir. Tarımda dijital dönüşümün geleceğinde etkin rol oynayacak 
dört temel teknoloji; sensörler, otomasyon ve robotik sistemler, büyük veri ve biyolojik 
aktörlerdir (Berger, 2019; Dayıoğlu ve Turker, 2021). Bu bölümde, Endüstri 4.0’ın tarım 
alanında öne çıkan uygulamalarından bazılarına yer verilmiştir.  
 
Nesnelerin İnterneti (IoT): Fiziksel olarak tanımlanan nesnelerin birbirleriyle veya daha 
büyük sistemlerle insan müdahalesi olmadan internet aracılığıyla bağlantılı olduğu iletişim 
ağıdır. Nesnelerin interneti teknolojisi; enerji sistemleri, haberleşme, lojistik, tarım, sağlık, 
endüstri gibi birçok alanda kullanılır (Bıçakçı 2019; Gökrem ve Bozuklu 2016; Kirmikil ve 
Ertaş, 2020). Tarım arazilerine yerleştirilen sensörler aracılığıyla çiftçiler toprağın nemini, 
sıcaklığını ve çevresel uzaktan ölçebileceklerdir. Ek olarak, nesnelerin interneti tarım arazisine 
hangi tohumları ekileceğinden, gerekli gübre miktarına, değişen iklim koşullarının takip 
edilmesine kadar birçok konunun takip edilmesine de olanak sağlar (Ercan vd.,2019). Ayrıca, 
bu sensörler sayesinde makinelerin çalışma performansı da incelenebilmektedir. 
 
Robotik Sistemler: Endüstri 4.0, tarım işlemlerinde robotların daha yaygın olarak 
kullanılmasına olanak tanıyacaktır. Tarımsal faaliyetlerde teknolojinin maliyetini 
karşılayabilmek için büyük ölçekli tarım arazileri gereklidir. Otonom biçerdöverlerin 
kullanılmasıyla ürünlerin saplarının daha verimli bir şekilde ayırt edilebileceği, otonom 
traktörler ve tarım makinelerinin kullanılmasıyla arazilerin daha hassas bir şekilde sürülerek 
hassas tohumlama yapılabileceği, robotlar yardımıyla en verimli noktalara ekim yapılabileceği, 
arazideki zararlı otlarla mücadelede iş gücü oranının düşürülebileceği ifade edilmiştir (Uzun, 
vd., 2018). Özellikle tekrarlı işlemlerde ve hasat süreçlerinde maliyetleri düşürerek verimliliği 
arttırmaya yardımcı olacaktır. 
 
Büyük Veri: Tarımda, çiftçinin yetiştirdiği ürünler ve tarla koşulları ile ilgili davranışlarını 
daha iyi anlamak için büyük veriler kullanılabilmektedir (Aydın, 2022). Yapay zekâ ve büyük 
veri analizi gibi teknolojilerin etkin kullanımı ile, tarla koşullarının ölçülmesi ve bu verilerin 
girdi ve çıktı fiyatlarıyla karşılaştırılması, çiftçilerin emeğini daha verimli kullanmalarını, girdi 
satın alımını optimize etmelerini ve üretim uygulamalarını iyileştirmelerini sağlamaya yardımcı 
olacaktır (Asare-Kyei, 2020). 
 
Bulut Bilişim: Bulut bilişim, bilgisayar veya bilgi teknolojisi altyapısının internet üzerinden 
sunulduğu bir teknoloji türüdür. Bu yenilikçi yaklaşım, müşterilerin esnek taleplerini internet 
aracılığıyla en az çaba harcayarak veya servis sağlayıcı ile etkileşim kurarak karşılamayı 
amaçlar. Bulut bilişim sayesinde internet üzerinden paylaşılan kaynaklar, yazılımlar, 
uygulamalar ve hizmetler erişilebilir hale gelir. Bu teknoloji; toprak, hava, araştırma, mahsul 
ve çiftçi verileri gibi tarımla ilgili bilgilerin merkezi bir konumda depolanmasını sağlayarak 
veri kullanılabilirliğini artırır. Böylelikle çiftçiler; tarım uygulamaları, bitki girdileri, tarımsal 
yenilikler, pestisitler, tohumlar, gübreler, besin maddeleri ve yabancı ot direnci ile ilgili çeşitli 
uzman tavsiyelerinin de bulunduğu bilgi temelli depoları kullanabileceklerdir (Duman ve 
Özsoy,2019). 
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SONUÇ 
 
Tarımda sürdürülebilir bir gelecek sağlamak için Türkiye’de kapsamlı bir politikaya, tarımda 
dijitalleşmeye, Ar-Ge ve bilimsel çalışmalara ve hükümet desteğine ihtiyaç bulunmaktadır. 
Gelecekte en önemli üç stratejik kaynağın, gıda/tarım, temiz su ve yenilenebilir enerji olacağı 
düşünülmektedir. Bu bağlamda, sürdürülebilir tarımsal kalkınmayı gerçekleştirmek için bu 
kaynakların daha verimli kullanılması bir zorunluluktur. Verimi arttırmak için de dijital ve akıllı 
teknolojilerin çiftçilerin hizmetine sunulması gerekmektedir.  
 
Endüstri 4.0 ile birlikte tarımsal makineler ve robotlar, nesnelerin interneti, büyük veri, yapay 
zekâ, insansız hava araçları, insansız yer araçları ve robotik gibi teknolojiler güvenli, 
sürdürülebilir ve yüksek verimli gıda üretimini destekleyerek artmakta olan dünya nüfusunun 
ihtiyaçlarına cevap verebilecektir. Ancak, tarım robotlarının ve diğer teknolojik uygulamaların 
saha koşullarına tam anlamıyla uyum sağlamadığı ve çeşitli zorluklarla karşılaştığı da 
yadsınamaz bir gerçektir. Bu nedenle, sonraki araştırmaların, bu teknolojilerin dayanıklılığını 
artırmaya ve çiftçilerin ihtiyaçlarına daha uygun hale getirilmesine yardımcı olmaya yönelik 
olması araştırmacılara yön verecektir.   
 
Ek olarak; devlet, üniversiteler ve özel sektör arasında iş birliği sağlanarak tarım 
teknolojilerinin geliştirilmesi ve yaygınlaştırılması için ortak projeler yürütülebilir. Başarılı 
tarım projelerinin örnekleri duyurulmalı ve yaygınlaştırılmalıdır. Böylelikle, diğer çiftçilerin de 
bu projelerden faydalanması sağlanabilir. Küçük ölçekli tarım işletmelerinin de teknolojiden 
yararlanabilmesi için uygun koşullar sağlanmalı ve eğitim olanakları sunularak bu işletmelerin 
gelişmesi desteklenmelidir. Tarım sektöründe yapılan Ar-Ge çalışmaları artırılarak yenilikçi 
çözümler geliştirilmelidir. Böylelikle, sektörün rekabet gücü artırılarak sürdürülebilir tarım 
teşvik edilmiş olacaktır.  
 
Bu çalışmada literatürde çeşitli sektörler için önerilen dijital dönüşüm ve dijital olgunluk 
modelleri incelenerek tarım sektöründe dijital dönüşümün değerlendirilmesi sürecinde göz 
önünde bulundurulması gereken önemli ana kriterler belirlenmiştir. Gelecek çalışmalar için bu 
çalışmanın sonucunda elde edilen kriter setinin tarım sektörüne uygun olarak genişletilmesi ve 
bütüncül bir karar verme mekanizması ile bu kriterlerin önceliklendirilerek tarımda dijital 
dönüşüm için bir yol haritası çıkarılması amaçlanmaktadır. Sonuç olarak, öncelikle Türkiye'nin 
bir tarım ülkesi olduğu unutulmamalıdır. Endüstri 4.0'ın tarım sektöründeki uygulamaları, 
sektörü daha akıllı, verimli ve sürdürülebilir bir geleceğe taşıma potansiyeli taşımaktadır. 
Ancak, bu teknolojilerin başarılı bir şekilde tarıma entegre edilebilmesi için daha fazla Ar-Ge 
çalışması, sektöre yönelik çözümlemeler ve çiftçilerin ihtiyaçlarına odaklanan inovasyonlar 
gerekmektedir. 
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ABSTRACT 
The study assessed the water safety information needs of rural women farmers in Nsukka 
agricultural zone, Enugu State, Nigeria. Water is an important resource required in almost of 
activities of human ranging from domestic to industrial and agricultural use. It is therefore 
important that this resource is preserved and protected from contamination. culturally, every 
gender has a role and women are saddled with the responsibility of collecting water for 
household use. They require the necessary information as regards to water safety so as to ensure 
that the water used in the home is free from contamination and the household is also free from 
any diseases associated with water contamination. Using purposive and on the spot sampling 
technique, 60 rural women farmers were selected and data were collected through the use of a 
structural interview schedule. Descriptive statistics and factor analysis were used for the 
analysis. Results of the study showed that majority of the farmers were between the ages of 20-
30 years, majority (45%) were married and majority (53.3%) had household size of 6-10 
persons. The major sources of water among the respondents were rain (100%), borehole (95%), 
water vendor (71.7%), well (65%).  The major sources of information on water safety were 
family members (85%), fellow women and Personal Observation (83.3%) respectively, radio 
(81.7%), health workers (78.3%). Rural women have moderate knowledge 98.3% on water 
safety. All the respondents (100%) clean their containers, 66.7% clean twice a week, 55% clean 
on a weekly basis. Majority (95%) use containers with covers in collecting their water, (80%) 
use cups with handle to fetch water from the storage container, majority (83.3%) keep the item 
for fetching water from the storage container outside the container. The major information 
needs were the preventive measures against water contamination ( =3.57), sanitation and 
hygiene practices ( =3.05), prevention of water-borne diseases ad illness ( =3.20), 
identification of contaminated water ( =2.80), to ensure utilization of clean water for 
household chores ( =2.75), proper water treatment method ( =2.72). the major strategy to 
improve knowledge on water safety were providing affordable and sustainable water supply 
( =2.82), providing easy access to water ( =2.72), incorporating safe water education in 
schools ( =2.47), teaching and training rural women on water safety and hygiene practice 
( =2.45), use of local radio channels ( =2.32), partnership with local health clinics to integrate 
safe water education ( =2.28), promoting the use of appropriate water storage containers 
( =2.27), creating informative and visually appealing materials in local languages ( =2.23), 
training on the various water treatment methods such as boiling ( =2.22). the study 
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recommended that policies and programmes involving the major information needs of the rural 
women should be developed so as to the address the major needs of rural women on water 
safety. Also, policy makers, extension agents, non-governmental organisations and related 
institution should consider the influence of fellow women, women meetings, friends and 
neighbours as essential sources of information and as such require adequate training so as to 
disseminate information efficiently and accurately.

Keywords: water safety, information needs, rural women farmers 

829



INVESTIGATING THE MICROSCOPIC PROPERTIES OF WOOL USED IN HAND-
WOVEN CARPET YARN IN EAST AZERBAIJAN PROVINCE
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Iran's wool production does not sufficient quantitatively for the textile and carpet 
weaving industry, so there is a concern that sometimes high-quality wool is not used in the 
production of carpet yarns. The present project was carried out with the aim of 
investigating the wool characteristics in a number of yarns in terms of some required quality 
characteristics. Another goal was to provide the information needed by the industry for the 
breeding of some wool sheep by microscopic examination of the wool used in carpet yarn. This 
research was limited to yarns used in rural carpets. Characteristics of diameter, percentage of 
continuous and non-continuous medulla fibers of true wool fibers, standard deviation, 
minimum and maximum, and correlations were investigated. The results showed that there is 
a high variation in terms of color inside a yarn sample. Even inside a type of yarn with color 
specifications different colored and white fibers can be seen. The reason for that could be the 
presence of colored spots or so-called blackheads animals among flocks. Another reason could 
be the mixing of different types of wool during different processes. Sorting at the origin of 
sheared wool will help to increase the quality of the wool product needed by the carpet weaving 
industry. Fortunately, in the analyzed samples of Azerbaijan carpet wool, tanner wool is not 
mixed with new wool. It is necessary for the Ministry of Agriculture to identify a number of 
susceptible sheep breeds in the country and develop plans for the production of high-quality 
wool in the country. The disadvantages observed in these samples can be fixed by controlling 
environmental and genetic factors. 
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Way Kambas National Park is one of the nature conservation areas located in Lampung 
Province. The reason for its establishment is to protect the area and natural habitat used by 
various wild animals and some of the plants in it. In Way Kambas National Park there is also 
an Elephant Training Center which has the main function as an effort in maintaining, caring 
for and training elephants with the help of mahouts. Sumatran elephant are one of the animals 
that have a risk of extinction in the near future due to declining population, so a human role is 
needed to maintain the elephant population, which can be done by mahouts, one of which is 
through grazing activities. Grazing is an elephant maintenance and monitoring activity carried 
out in grazing areas with the aim of protecting and conserving elephant populations so that 
conservation efforts can be carried out and can ensure the survival of the species. In the 
implementation of Sumatran elephant grazing activities, interaction between elephants and 
mahouts is certainly needed. The purpose of this study is to identify the interactions of mahouts 
with tame Sumatran elephants in grazing activities at the Elephant Training Center. The 
research data were collected in November-December 2023, with the location being in the 
RPTN Margahayu SPTN III Kuala Penet area, the Way Kambas National Park, Elephant 
Training Center. The methods used in this research are literature study, observation and 
interviews (purposive sampling). The data analysis used is qualitative analysis with descriptive 
methods and ad libitum sampling.
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CHANGES IN THE PHYTOCHEMICAL PROFILE OF ENDOPHYTIC Bacillus 
velezensis VTRNT 01 ISOLATED FROM Adenosma bracteosum Bonati DUE TO 

BACTERIAL ELICITORS 

Thanh-Dung Nguyen

Can Tho University, Can Tho, Vietnam

ORCID: https://orcid.org/0009-0003-2417-0012

Thi-Pha Nguyen 

Can Tho University, Can Tho, Vietnam

Huu-Hiep Nguyen 

Can Tho University, Can Tho, Vietnam

Huu-Thanh Nguyen

An Giang University, Vietnam National University, Ho Chi Minh City, Vietnam

ABSTRACT 

Bacterial elicitors have been recognized for their ability to enhance the production of secondary 
metabolites in endophytic bacteria inhabiting medical plants, an area that remains relatively 
understudied. The present study was established to estimate the effects of bacterial elicitors (i.e., 
Staphylococcus aureus, Escherichia coli, and Aeromonas hydrophila) on the phytochemical 
profile of endophytic Bacillus velezensis VTRNT 01 (VTRNT 01), isolated from Adenosma 
bracteosum Bonati. The results of preliminary experiments of the antibacterial activity against S. 
aureus, E. coli, and A. hydrophila of VTRNT 01 attributed to its capacity for nutraceutical 
generation. GC-MS data revealed the presence of 42 chemical compounds, with Benzeneacetic 
acid (CAS) Phenylacetic acid considered the prominent constituent. Significantly, co-cultivation 
with bacterial elicitors resulted in the exclusive production of 15 compounds, with fourteen 
tentatively identified as possessing established antimicrobial properties. These compounds span a 
range of chemical groups, including acids, alcohols, aldehydes, esters, ethers, fatty amides, 
flavonoids, hydrocarbons, ketones, and others. The findings enrich our comprehension of the 
intricate interplay between endophytic bacteria and their bacteria elicitors, unveiling promising 
avenues for augmenting the synthesis of bioactive compounds of pharmaceutical or agricultural 
importance. 

Keywords: Adenosma brateosum Bonati, antibacterial, Bacillus velezensis VTRNT 01, bacterial 
elicitors, phytochemical profile. 
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ABSTRACT 

The present work, is about the dosage of the phenolic compounds of two Saharan plants, Anvillea 
radiata and Astragalus armatus and their insecticidal (Aphis gossypii) and microbial 
(Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa., Candida albicans) 
effectiveness. The dosage of the total polyphenols and flavonoids is carried out by the method of 
Folin-Ciocalteu and AlCl3 respectively, the phenol contents of Anvillea r
13.8., Astragalus armatus 
Astragalus armatus flavonoid contents 
remain low for all extracts (Anvillea radiat

 chloroform and ethanolic extracts from A. radiata revealed 
antibacterial activity against staphylococcus aureus bacilli, with zones of inhibition of 10  2.6 mm
and 16.5  2.1mm respectively, on the other hand the four extracts of the two plants showed an 
insecticidal effect for the three doses. 

Keywords: Characterization; antioxidants; phenolic compounds; flavonoids; Saharan plants
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Abstract

Rice stands as a crucial staple for the global population, directly or indirectly supporting the 
dietary needs of the majority. However, the constant threat of various biotic stresses poses a 
significant challenge to the yield of this vital crop. Among these challenges, rice blast, 
attributed to Magnaporthe oryzae (M. oryzae), emerges as a particularly devastating disease, 
annually causing severe yield losses and posing a pervasive threat to rice production 
worldwide. In the ongoing pursuit of effective control measures, the development of resistant 
rice varieties has proven to be both a highly efficient and economically viable approach. The 
significant fluctuation of M. oryzae makes long-term resistance difficult to attain. The 
considerable variability of M. oryzae presents a challenge to achieving enduring resistance. 
Despite the cloning of approximately 100 resistance genes in rice, creating resistant varieties 
through quantitative loci remains a focal point. This approach is recognized as highly effective 
and cost-efficient for mitigating the impact of the rice blast. A focal point of the review is the 
exploration of diverse management strategies deployed worldwide to combat rice blast disease. 
From traditional agricultural practices to cutting-edge technologies, this review explores the 
fundamentals of rice blast disease and proposes strategies to mitigate its impact. The aim is to 
minimise disease activities, ensuring optimal rice production and an increased supply of quality 
rice grains. Harnessing R genes through molecular breeding is a vital strategy for enhancing 
rice blast resistance and ensuring sustainable and productive rice cultivation. Ongoing research 
and innovation are indispensable to stay ahead of the evolving dynamics of plant pathogens. 

Keywords: rice blast, resistance genes, Magnaporthe oryzae, management strategies. 
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Abstract 

Stevia is an industrially and medicinally important plant used as a sweetener belonging to the 
family Asteraceae. The leaves of this plant contain a group of chemical compounds called steviol 
glycosides, which has used as a natural sweetener substitute for sugar for a long time. The study 
was aimed to develop a reproducible protocol for in vitro propagation of Stevia rebaudiana 
Bertoni. Nodal explants were cultivated on Murashige and Skoog (MS) medium supplemented 
with different concentrations of 6-Benzylaminopurine (BAP), Kinetin (Kin), and Indole-3-acetic 
acid individually or in combination for shoot induction. After a month, the leafy stems were 
placed in an MS medium supplemented with IAA and 1-Naphtalenacetic acid at 0.5 mg/L for 
rooting. MS medium without hormones (the control) produced the highest percentage of bud 
burst. The best treatment for shoots regeneration was MS medium supplemented with 1.5 mg/L 
BAP and 0.25 mg/L KIN. Medium with the highest multiplication rate was found to include MS 
fortified with 0.5 mg/L KIN. The medium MS supplemented with 0.5 mg/L IAA showed the 
maximum number of roots per shoot. About 93% of rooted plants were successfully acclimatized 
on pots containing peat (60%) and sand (40%). 

Keywords: Micropropagation,Nodal explant,Self-incompatible, Stevia rebaudiana,Seeds 
propagation, Rooted plants 
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Abstract 

A study conducted across 460 sites in 28 provinces in northern Morocco, spanning from autumn 

2020 to winter 2022, revealed that the cochineal Dactylopius opuntiae Cockerell (Hemiptera: 

Dactylopiidae) was the only scale insect found on the pads of the prickly pear cactus Opuntia 

ficus-indica in numerous regions during 2020 and the first half of 2021. However, a significant 

infestation of both pads and fruits of O. ficus-indica by Diaspis echinocacti Bouché (Hemiptera: 

Diaspididae) was subsequently observed at three sites in Morocco, posing a serious potential 

threat to the country's cacti. The morphology of adult males and females of Diaspis echinocacti 

is described, along with a microscopic examination of 60 slide-mounted adult females. 

Additionally, two predators, Rhyzobius lophanthae Blaisdell (Coleoptera: Coccinellidae) and 

Cybocephalus sp. (Coleoptera: Nitidulidae), as well as two hymenopteran parasitoids, the 

ectoparasitoid Aphytis sp. (Hymenoptera: Encyrtidae) and an endoparasite from the family 

Encyrtidae, have been identified in association with cactus scales. 

Keywords: Morocco, surrent status, Diaspisechinocacti, Opuntia ficus-indica 
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ABSTRACT 
A comparative study conducted in Nigerian South-eastern states, Enugu and Anambra, delved 
into the far-reaching consequences of gender-based violence (GBV) on women farmers and 
their agricultural livelihoods. In the Enugu State study, 90% of the surveyed women were found 
to be aware of GBV, and they reported alarming incidents of physical, sexual, and verbal abuse. 
This violence hindered their economic empowerment and led to profound psychological 
distress, including fear, anxiety, low self-esteem, and trust issues. These emotional hardships 
resulted in reduced income and hindered agricultural productivity, potentially driving victims 
to consider rural-urban migration. To counter the detrimental effects of GBV, the study 
recommended a multifaceted approach. Key strategies included raising awareness about GBV, 
providing women with skills training and capacity-building programs, and ensuring access to 
support systems. Enforcing policies, addressing the root causes of GBV, and fostering 
collaboration and partnerships were also seen as effective means to tackle this pervasive issue. 
The Anambra State study revealed that GBV inflicted emotional distress on women farmers, 
causing fear, anxiety, low self-esteem, and trust issues. On the agricultural front, GBV resulted 
in reduced crop yields, physical and emotional exhaustion, diminished livestock production, 
and lower income. To mitigate these impacts, the study proposed creating GBV awareness, 
offering skill acquisition programs, challenging cultural norms that perpetuate GBV, and 
enhancing access to support systems. Both studies highlighted the importance of empowering 
women economically, socially, and politically to reduce their vulnerability to GBV. This 
involves promoting women's participation in decision-making processes, offering 
opportunities for skill development, and providing accessible support systems, including 
counselling and legal services. Additionally, governments were encouraged to establish 
mechanisms for reporting GBV cases within agricultural settings to foster safer and more 
equitable environments for women farmers in Nigeria. 
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INTRODUCTION 
Gender-based violence (GBV) is a global issue that inflicts severe physical, 

psychological, and socio-economic consequences, disproportionately impacting women, 
particularly in the agricultural sector. Women represent a substantial portion of the world's 
agricultural labour force, making significant contributions to global food security (FAO, 2020). 
However, women farmers frequently grapple with challenges like limited access to resources, 
credit, and markets, which hinder their economic empowerment and livelihoods. GBV 
exacerbates these challenges, diminishing women's involvement in the labour force, reducing 
their earnings, and constraining their access to vital resources, such as credit and land (Kabeer, 
2020). The adverse effects of GBV extend beyond the emotional and psychological realm, 
significantly affecting agricultural productivity and contributing to food insecurity. In addition, 
GBV can undermine women's decision-making power, mobility, and access to resources, 
thereby impacting their ability to manage natural resources sustainably (FAO, 2019). GBV's 
multifaceted implications on agricultural production and livelihoods make it a critical issue to 
address, particularly in regions where women's agricultural contributions are central to their 
economic well-being and food security. In Nigeria, where GBV poses a significant challenge, 
statistics reveal that 28% of women have experienced physical violence, while 7% have 
experienced sexual violence (NBS, 2019). GBV not only restricts women farmers' access to 
land, credit, and markets but also has a profound impact on their physical and mental well-
being, impairing their ability to contribute to their families' livelihoods. Empowering women 
economically and socially, promoting gender equality, and involving men and boys in efforts 
to address GBV are essential components of addressing this issue and fostering sustainable 
agricultural livelihoods (UNDP, 2019). 

Gender-based violence (GBV) is a pervasive global issue with severe repercussions for 
women, particularly those engaged in agriculture. Despite the essential role women farmers 
play in contributing to food security and poverty reduction, they often encounter obstacles like 
limited access to resources, discrimination, and unequal power dynamics. GBV further 
exacerbates these challenges, inhibiting women's full participation in agricultural activities, 
hindering their access to vital resources, and undermining their economic well-being (FAO, 
2018). Addressing GBV in rural areas necessitates a comprehensive approach encompassing 
legal reforms, awareness campaigns, and improved access to support services, alongside the 
promotion of gender equality (UNDP, 2019). Understanding the specific challenges faced by 
women farmers and the factors contributing to GBV in this context is critical. Therefore, the 
problem statement of this study is to investigate the prevalence, impact, and factors 
contributing to GBV among women farmers in Nigeria. The pertinent questions therefore are; 
What are the socio-economic characteristics of women farmers in Enugu & Anambra state? 
What are women farmers' experiences of gender-based violence in Enugu & Anambra state? 
What are the effects of gender-based violence on women farmers in Enugu & Anambra state? 
What are the effects of gender-based violence on women's agricultural livelihood in Enugu & 
Anambra state? What are strategies for curbing the effect of gender-based violence on 
agricultural production in Enugu & Anambra state? 
This study aims to examine the effects of gender-based violence (GBV) on women farmers' 
livelihoods in Nigeria and its specific objectives were to; 
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1. determine the socio-economic characteristics of women farmers in Enugu & Anambra state; 
2. examine the effect of gender-based violence on women’s agricultural livelihood in Enugu & 
Anambra state. 
3. determine the strategies for curbing the effects of gender-based violence on agricultural 
production in Enugu and Anambra states. 

The study on the effects of gender-based violence (GBV) on women farmers' 
livelihoods in Nigeria is significant for several reasons. It adds to the growing body of literature 
on GBV in Nigeria and provides a deeper understanding of the unique experiences of women 
farmers in rural areas. It also sheds light on the impact of GBV on women farmers' agricultural 
production, which has implications for food security and rural development in Nigeria and the 
study's findings can inform policy and practice aimed at curbing GBV in agricultural 
production in Nigeria, which can improve the lives of women farmers and promote gender 
equality. Therefore, the study on the effects of GBV on women farmers' livelihoods in Nigeria 
is significant because it addresses a critical gap in knowledge, contributes to the attainment of 
sustainable development goals, and has practical implications for policy and practice. 
 

METHODOLOGY 
The Multistage sampling method for this study involves a structured process to select a 

representative sample of 60 women farmers who have experienced gender-based violence. The 
first step involves identifying the population of interest, which were individual women farmers 
or farming households where women actively engage in farming activities. In the second stage, 
two out of the three senatorial zones, specifically Enugu North and Enugu East Senatorial 
Zones, are randomly selected. In the third stage, three Local Government Areas (LGAs) are 
chosen from each selected senatorial zone, resulting in a total of six LGAs. The fourth stage 
involves selecting two communities from each LGA, yielding twelve town communities in 
total. These communities include Edem-Ani and Obukpa from Nsukka LGA, Aku and Ohodo 
from Igbo-etiti LGA, Obollo-Afor and Orba from Udenu LGA, Obioma and Ngwo-Asa from 
Enugu-East LGA, Umunevo and Ogui New Layout from Enugu North LGA, and Uwani and 
Achara Layout from Enugu-South LGA, all chosen using simple random sampling. Finally, in 
the fifth stage, individual women farmers will be selected from these communities, with five 
respondents chosen from each town community, culminating in a total of 60 respondents. 
Similarly, in Anambra State, a Multistage sampling procedure was also used for the research 
study. The study focuses on three senatorial zones: Anambra North, Anambra Central, and 
Anambra East. Within each of these zones, specific Local Government Areas (LGAs) are 
selected. For instance, in Anambra North, LGAs like Idemili North, Idemili South, and Njikoka 
are chosen. From these LGAs, particular communities, including town communities, are 
identified. Some of the town communities selected are Ogidi and Nkpor in Idemili North, 
Akwa-Ukwu and Oba in Idemili South, and Abagana and Nimo in Njikoka. In each of these 
town communities, five respondents are selected, totalling 60 respondents for the research 
study. 

The research design employed in this study is a survey method, where closed-ended 
questionnaires and face-to-face interviews were used as primary data collection instruments to 
investigate gender-based violence (GBV) experienced by women farmers in three agricultural 
zones. These zones were explored to assess the socio-economic characteristics of the women 
farmers and their farming-related factors, such as age, education level, marital status, 
household size, farm size, farm ownership, participation in social organizations, access to 
credit, income level, and religious affiliation. Additionally, the study evaluated the effects of 
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GBV on women's lives and agricultural production, utilizing a Likert-type scale to gauge the 
severity of these effects. Strategies for mitigating the impact of GBV on agricultural production 
were also explored on the same scale. The data analysis process involved the presentation of 
socio-economic characteristics, effects of GBV on women, and strategies for addressing GBV's 
effects using various statistical methods such as frequency and percentage for objectives 1, 
mean and standard deviation for objectives 2 & 3. The statistical software IBM SPSS Statistics 
version 21.0 was employed for the analysis.  

3.1. RESULTS, ANALYSIS AND DISCUSSIONS 
The findings of the study were presented under the following subheadings: 
3:1 Socio-economic characteristics of the respondents 
3:2 Effects of Gender-based Violence on Women 
3:3 Effects of Gender-based Violence on Agricultural Production 

Socio-Economic Characteristics 
In the study conducted in Enugu State, the results presented in Table 1 reveal that a 

significant portion of women farmers were within the economically active age group, with 
16.6% below 30 years, 26.7% between 30 to 39 years, and 23.3% between 40-49 years. The 
mean age of the women farmers was 43 years, aligning with findings from Bashir et al. (2021) 
in Enugu State. In Anambra State, the majority of respondents (35%) fell within the 31-40 age 
range, considered able-bodied and in their prime working years. The mean age was calculated 
at 47.68 years, suggesting that a substantial portion of women farmers in Anambra State were 
relatively youthful. It's important to note that women in the 31-40 age group are particularly 
vulnerable to gender-based violence due to their active participation in agricultural activities, 
exposing them to various forms of abuse (Diaga et al., 2018). The findings presented in the 
table for Enugu and Anambra States indicate the marital status of women farmers. In Enugu 
State, the majority (51.7%) of the respondents were married, while 30% were single, 13.3% 
were widowed, and 5% were divorced or separated. This suggests that most of the women 
farmers were married, implying stability and responsibility in their agricultural tasks, aligning 
with previous research by Okonkwo et al., (2019). In Anambra State, the majority (65%) of the 
respondents were married, with 18.3% being widowed, 8.3% single, and 8.3% divorced or 
separated, further highlighting the predominance of married respondents. The preference for 
marriage among the respondents is emphasized, as indicated by Chris (2020).  

The results for Enugu State indicate the household sizes of women farmers, with 51.3% 
having households of 2-5 people, 36.6% having 6-8 family members, 10% having more than 8 
members, and 1.7% having less than 2 people in their households. The prevalence of larger 
household sizes in the study area, contrary to findings by Waheed et al. (2022) that suggested 
an average household size of around 6 for farmers, reflects changes in modern times, where 
labour sources have diversified, and the cost of living has risen, prompting rural families to 
have fewer children. In Anambra State, the majority (51.7%) of respondents had household 
sizes of 7-12 people, and 48.3% had 1-6 members in their households, with a mean household 
size of 7 people. This suggests that a significant proportion of women farmers in Anambra 
State were part of relatively larger households, as highlighted by Eze (2020).  

In Enugu State, Table 1 reveals that 51.8% of women farmers had around 2-11 years of 
farming experience, while 3.3% had less than 2 years, 28.4% had 12-21 years, 10.1% had 22-
31 years, and 6.7% had more than 31 years of experience. The presence of women with 
substantial farming experience suggests their potential for greater efficiency, climatic 
knowledge, and proficiency in profitable agricultural practices, which is consistent with Ezeibe 
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et al. (2019) who noted high farming experience among Enugu State farmers. In Anambra 
State, the majority (45%) of respondents had less than 11 years of farming experience, while 
20% had 11-20 years, 15% had 21-30 years, 13.3% had 41 years and above, and 6.7% had 31-
40 years of farming experience, with an average of 19.4 years. This data suggests that many 
women are relatively new to farming, possibly turning to agriculture out of economic necessity, 
as noted by the World Health Organization (WHO, 2020), which could indicate a shift towards 
agriculture for livelihood support or additional income. In Enugu State, 51.7% of women 
farmers had completed tertiary education, 13.3% stopped at primary school, 30% finished 
secondary school, and 5% had vocational education, signifying a relatively high level of formal 
education among the respondents. These findings align with Sholatan et al. (2019), 
emphasizing the positive impact of education as a social capital, which enables individuals to 
make informed decisions and manage their agricultural businesses effectively, even in the 
absence of their husbands. In Anambra State, the result illustrates that the majority (55%) of 
respondents had completed secondary education, while 25% completed primary education, 
15% had vocational education, and 5% had tertiary education. This data reveals that most 
respondents in Anambra State had at least a secondary school education, supporting the ability 
to read and write, as noted by Oyelami et al. (2019). 

Table 1; Personal characteristics of Enugu & Anambra state respondents. 

                       Enugu State                     Anambra State 
Variable Frequency Percentage Mean Frequency Percentage Mean 
Age(years)   43.0   47.68 
<30 10 16.6  3 5.0  
30-39 16 26.7  21 35.0  
40-49 14 23.3  11 18,3  
50-59 12 20.1  14 23.4  
60-69 5 8.4  8 13.3  
>69 2 3.4  3 5.0  
Marital Status       
Single 18 30.0  5 8.3  
Married 31 51.7  39 65  
Divorced/Separated 3 5.0  5 8.3  
Widowed 8 13.3  11 18  
Educational level       
Primary 8 13.3  15 25.0  
Secondary 18 30.0  33 55.0  
Tertiary 31 51.7  3 5.0  
Vocational 3 5.0  9 15.0  
Household size   6.0   7.0 
<2 1 1.7  4 6.8  
2-5 31 51.3  23 39.1  
6-8 22 36.6  10 17  
>8 10 10  23 39.1  
Years Of 
Experience 

      

<2 2 3.3 12.88 2 3.3 19.4 
2-11 31 51.8  25 42.5  
12-21 17 28.4  12 20  
22-31 6 10.1  9 15  
>31 4 6.7  13 22.1  

Source: Field Survey, 2023. 
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  In Enugu State, the farm income of women farmers is around ₦32,000, and their 
average monthly non-farm income is approximately ₦16,000. These findings are consistent 
with studies by Sachs et al. (2019), suggesting that women farmers often prioritize sustainable 
agricultural practices and cost-reducing activities while focusing on the well-being of their 
communities, especially when the average woman in Enugu State earns barely above minimum 
wage. This reflects the economic constraints and responsibilities that women face, as supported 
by the studies of Pierotti et al. (2022) that highlight the burden of family responsibilities, which 
may limit women's time for farm productivity. In Anambra State, the majority (52%) of 
respondents earn annual incomes between ₦500,000 and ₦950,000, with a mean income of 
₦963,333.33 and monthly income of ₦80,277.78. This income level represents over half of the 
surveyed women farmers in Anambra State, indicating a moderate earning capacity. These 
findings also suggest that this income group is vulnerable to economic and livelihood 
disruptions caused by gender-based violence. 

 
 
 
 
 
 
 
 
 
 
 

Fig 1. Income categories of the respondents in both states… 
The results in Enugu State indicate that the majority of women farmers have relatively 

small farm sizes, with 66.3% having less than 0.4 acres and only 27.3% possessing land sizes 
between 0.4 and 0.9 acres. Additionally, 53.3% of the women inherited the land from their 
deceased husbands, while 23.3% rented land using funds from various sources. This situation 
appears to be influenced by cultural norms prevalent in the villages of Enugu North and Enugu 
East senatorial zones, where women are often not allowed to inherit land, in contrast to male 
farmers, as supported by Dimelu et al. (2019), who found that women farmers often have to 
purchase or rent land due to customary restrictions on land ownership for women in many Igbo 
states. In Anambra State, results reveal that the majority (91.7%) of respondents have farm 
sizes of less than 2 acres, with only 8.3% having farm sizes exceeding 2 acres. The mean farm 
size is 1.417 acres. This data also shows that a significant proportion of women in Anambra 
State have small farms, potentially making them more economically vulnerable and limiting 
their agency in making decisions about farming practices and resource allocation, which aligns 
with the findings of Onubogu et al. (2019).  
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Fig 2… Farm Size of respondents in both states… 

In Enugu State, the results reveal that 53.3% of women farmers have access to credit 
sources, with personal sources being the most prominent at 25%, followed by thrift/issue at 
15%. This data indicates that women farmers in Enugu State have limited access to credit, 
contradicting the findings of Haruna et al. (2023), which suggested that women often face 
limited avenues for credit and financial support for farming due to their lack of collateral for 
obtaining loans and grants. In Anambra State, the results show that a majority (83.3%) of 
respondents have access to credit, while 16.7% do not. This high percentage of women with 
access to credit suggests that a significant portion of women farmers in Anambra State have 
the means to secure financial resources for their agricultural activities, which contradicts the 
work of Osahon et al. (2019) suggesting limited access to credit. Access to credit can empower 
women to invest in their farming operations, purchase necessary inputs, and enhance their 
agricultural productivity. 

In Enugu State, the results indicate that women farmers have limited access to extension 
agents, with only 11.7% having had access, while the majority, 88.3%, have not had any contact 
with extension agents. The data also shows that most women farmers belong to various social 
groups, with the majority (36.7%) being part of religious groups. This suggests that agricultural 
extension services programs are primarily directed towards male farmers, often leaving women 
without access to essential information and innovations related to their agricultural activities, 
consistent with the findings of Gebre et al. (2021), which highlighted the tendency to exclude 
women from innovations. In Anambra State, the results show that the majority (70%) of 
respondents have not had extension contact, with only 30% reporting such contact. This aligns 
with the reports from Bamenju et al. (2019) indicating a lack of extension services in Anambra 
State, emphasizing the need for substantial improvements in extension services in the state to 
support women farmers and enhance their agricultural practices. 
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Table 2: Institutional characteristics of Respondents in Enugu & Anambra state. 

 Anambra State Enugu State 
Variable  Frequency Percentage Mean Frequency Percentage Mean 
Number of 
extensions 
contact                        

18 
13 

0.42 7 11.7 2.0 

<2                                                       11 18.3  2 3.3  
2-3                                                                7 11.7  5 8.5  
Credit access                                                   50 83.3  32 53.3  
Social group                                             60 100  46 76.7  

Source: Fieldwork, 2023 
 

3.3. Effects of gender-based violence on the women farmers’ agricultural 
livelihood in Anambra and Enugu states. 

Table 3 examines the effects of GBV on Agricultural production in Anambra and 
Enugu. With a cut-off mean of 3.0, The studies in Enugu show that gender-based violence has 
the following effects on the agricultural livelihood of the farmers and agricultural production; 
Limited opportunities for diversification (X= 4.00) which is a result of the women's business 
being run into the ground because of these acts of violence, low crop yield(X= 4.02) mostly 
because when a woman is beaten by her husband, she lacks the energy to work, emotional 
exhaustion(X=4.42), physical exhaustion (X= 4.40) and this so high because a wounded 
person cannot do farm work. Reduced productivity of the women can lead to low income(X= 
4.33). Other significant variables include limited freedom due to fear(X= 4.32), decreased 
motivation to work(X= 4.20),  loss of assets and income by the victim(X= 4.05), restriction 
from land resources(X= 4.20), reduced ability to participate in training and extension 
services(X= 3.97), reduce livestock production(X= 3.75), reduction in labour supply due to 
injury or death from exhaustion and overworking(X= 3.75), reduced marketing skills of the 
victim(X= 3.52), difficulty in accessing credit and other financial resources(X= 3.43), 
reduced involvement in agricultural related community organization(X= 3.40) and rural-
urban migration(X= 3.25).  

The study in Anambra shows that gender-based violence has the following effects on 
the agricultural livelihood of the farmers and agricultural production; limited opportunities for 
diversification (X=3.72), low crop yield (X=4.35), physical exhaustion (X=4.70), 
emotional exhaustion (X=4.58), reduced ability to participate in trainings and extension 
services (X=3.57), restriction from land resources (X= 3.70), decreased motivation to work 
(X=3.97), limited freedom due to fear (X=4.37), low income (X=4.37), reduced livestock 
production (X=4.53), difficulty in accessing loan and other financial resources (X=3.57), 
reduced involvement in agricultural activities (X= 3.52), rural-urban migration (X=3.70), 
reduction in labour supply due to injury or death from exhaustion and overworking (X=4.58), 
loss of assets and income (X= 4.25), reduced marketing skills (X=3.87) and these results are 
all resultant from the reasons as explained above. From the above results obtained from 
Anambra and Enugu, the various analysis shows that all the agricultural effects presented to 
the farmers were very significant as they all affected their agricultural livelihood.  The results 
agree with the reports by Chikaire et al. (2019) which means that all rural women farmers 
experience the same effects on their agricultural livelihood in Igbo land or elsewhere after 
facing gender-based violence. 
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Table 3. Effect of gender-based violence on women’s agricultural livelihood in Enugu & 
Anambra state. 

 Enugu State Anambra State 

Variables  Mean Std. Deviation Mean Std. Deviation 
Rural-urban migration 3.25 1.129 3.70 1.266 
Involvement in agricultural-related community 
organization  

3.40 1.012 3.52 1.444 

Difficulty in accessing credit and other financial 
resources 

3.43 1.212 3.57 1.477 

Reduced marketing skills of the victim 3.52 1.267 3.87 1.266 
Reduced livestock production 3.75 1.188 4.53 1.033 
Reduction in labour supply due to injury or death  3.75 1.373 4.58 0.619 
Reduced ability to participate in training and extension 
services 

3.97 1.207 3.57 1.332 

Limited opportunities for agricultural diversification 4.00 1.008 3.72 1.329 
Low crop yield 4.02 1.228 4.35 1.087 
Restriction on land resources  4.20 1.022 3.70 1.453 
Loss of assets and income by the victim 4.05 1.080 4.25 1.052 
Decreased motivation to work 4.20 1.142 3.97 1.414 
Limited freedom due to fear 4.32 0.873 4.37 1.164 
Low income 4.33 1.068 4.37 0.823 
Physical exhaustion 4.40 0.887 4.70 0.788 
Emotional exhaustion 4.42 0.944 4.58 0.645 

Source: field survey, 2023   Mean Cut-Off: 3.0 
 

 
3.3. Strategies for curbing the effects of gender-based violence on agricultural 

production in Enugu and Anambra states. 
Table 4 assesses the strategies for curbing the effects of gender-based violence on 

agricultural production in Enugu and Anambra states. With a cut-off mean of 3.0, the analysis 
of the Likert-scale questions showed the following strategies are very significant in curbing 
GBV in Enugu state;  Creating awareness about GBV(X=4.10) to get people acquainted with 
the problem, training and capacity building(X=3.73) & skills acquisition programs (X=3.53) 
to help equip the women with the skills to help them become independent, access to support 
systems( X=3.48) & accessibility of support systems(X=3.20) which will help the women 
cope after the experience, women participation and empowerment(X=3.43), programme 
follow-ups(X=3.30),  investment in strategies for addressing the root causes of gender-based 
violence(X=3.30), policies and regulations(X=3.27),  enforcement and implementation of 
policies and regulations on gender-based violence(X=3.23), collaborations and 
partnerships(X=3.17), reporting mechanisms for gender-based violence(X=3.13). On the 
other hand, the women vehemently disagreed that scraping cultural norms and attitudes that 
influence gender-based violence(X=2.82) & investment in strategies for curbing gender-based 
violence(X=2.82) have not and will not be effective in curbing GBV seeing as it has not 
worked in the past as many reported cases has amounted to no results. Also majority of them 
were very undecided on the strategy of gender-sensitive agricultural practices(X=2.93) as it 
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will create a rift between the men and women who will think the wives are out to take their 
place in the society/family. 

 Also in Anambra state, the result shows that strategies for curbing the effects of gender-
based violence in Anambra state include; creation of awareness (X= 4.83), training and 
capacity building (X=4.83), policies and regulations (X=4.73), creating access to support 
systems (X=4.53), gender-sensitive agricultural practices (X= 4.38), women participation 
and empowerment (X=4.53), program follow up (X=4.45), skill acquisitions (X=4.65), 
collaborations and partnerships (X=4.52), accessibility to support systems (X= 4.73), 
scraping cultural norms and attitudes that influence GBV (X=4.53), reporting mechanisms for 
GBV (X=4.38), enforcement and implementation of policies and regulations on GBV 
(X=4.53), investments in strategies for curbing the effects of GBV (X=4.60), investment in 
strategies for addressing the root causes of GBV (X=4.63). This simply explains that opinions 
and experiences concerning the feasibility and effectiveness of these strategies are more 
divergent among the respondents. Cultural norms and attitudes, in particular, vary significantly 
by region and community, making the standard deviation in this category notably high and this 
particular result agrees with studies by Rimjhim et al. (2022) on the relationship between 
gender-based violence and culture which shows that scraping cultural norms and attitudes are 
not easy to achieve and can aggravate the issue rather than curb it. Overall, the findings suggest 
that a multifaceted approach is necessary to address the effects of gender-based violence on 
women farmers' agricultural livelihoods in Anambra state. These strategies include; awareness, 
empowerment, policy, and support system improvements, all aimed at creating a safer and 
more equitable environment for women in agriculture. The high average scores explain that 
there is strong support for these strategies among the research participants and these findings 
agree with that of Murhula PB et al (2021). 
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Table 4. Strategies for curbing the effects of gender-based violence on agricultural 
production in Enugu and Anambra states. 

 Enugu State Anambra State 

Variable Mean Std. Deviation Mean Std. Deviation 
Awareness about GBV 4.10 1.411 4.83 0.418 
Training and capacity building 3.73 1.163 4.83 0.376 
Skills acquisition programmes 3.53 1.268 4.65 0.482 
Access to support systems  3.48 1.359 4.53 0.536 
Women's participation and 
empowerment  

3.43 1.254 4.38 0.640 

Programme follow-ups 3.30 1.197 4.45 0.536 
Investment in strategies for 
addressing the root causes of 
gender-based violence 

3.30 1.253 4.63 0.594 

More policies and regulations  3.27 1.191 4.73 0.547 
Enforcement and 
implementation of policies and 
regulations on gender-based 
violence 

3.23 1.254 4.53 0.596 

Accessibility of support systems 3.20 1.338 4.73 0.446 
Collaborations and 
partnerships
  

3.17 1.237 4.52 0.596 

Reporting mechanisms for 
gender-based violence 

3.13 1.200 4.38 0.783 

Gender-sensitive agricultural 
practices  

2.93 1.260 4.38 0.536 

Scraping cultural norms and 
attitudes that influence gender-
based violence  

2.82 1.467 4.53 0.494 

Investment in strategies for 
curbing gender-based violence 

2.82 1.172 4.60 0.486 

Source: Field Survey, 2023.                              Mean Cut-Off: 3.0 
 

CONCLUSION AND RECOMMENDATIONS 
The study reveals that the majority of the women farmers have a high knowledge of 
gender=based violence as they have experienced a form of gender-based violence themselves 
and these women farmers are affected by gender-based violence as they exhibit signs like 
anxiety, depression, PTSD, low self-esteem, severe issues etc. The study also shows that the 
effects GBV on women farmers also affects their agricultural livelihood and production level 
in different ways such as; low production which reduces income and thereby further reduces 
the standard of their living. 

1. The study shows that the awareness of GBV was relatively high therefore, the extension 
agencies and non-governmental organizations should develop targeted and strategic 
awareness campaigns addressing both urban and rural populations to sustain awareness 
about the consequences of gender-based violence and promote gender equality. 
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2. The communities should develop & implement comprehensive programs that equip 
women with practical skills to enhance their economic autonomy, reducing their 
vulnerability to violence. 

3. Government should establish accessible support systems eg. counselling services, legal 
assistance, and safe spaces for victims to seek help and justice. 
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ABSTRACT 

The term "precision farming," also known as "precision agriculture," refers to an information-
and technology-based farm management system that uses fields' spatial and temporal 
variability to identify, analyze, and manage it for maximum productivity and profitability, 
sustainability, and land resource protection while minimizing production costs. We must 
adapt agricultural management techniques to sustainably conserve natural resources like 
water, air, and soil quality while maintaining economic viability due to the growing 
environmental consciousness of the general population. Particularly    in arid and semi-arid 
areas, advanced irrigation system and technologies enable site specific delivery of fertilizer 
and irrigation water within the field to increase water used efficiency by lowering water 
waste for sustainable crop production. Any method that lessens soil erosion and water runoff 
is essentially what is meant to be considered soil and water conservation. With least amount 
of negative effects on the environment and soil, precision agriculture maximizes production 
and profitability by using inputs wisely and efficiently. Agronomic approaches combined 
with precision in timing and amount of inputs present a potential that can lower production 
costs without negatively affecting the health of the soil or the environment. By matching 
agricultural inputs and practices to the specific conditions found in a field, precision farming 
aims to perform the right action at the appropriate time, location, and method. Despite the 
fact that these activities transcend national borders, Nigeria is the main subject of this paper.  

Keywords: Precision Agriculture, Irrigation, Agriculture, Soil and Water Management.
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