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ONSOZ

Ankara Universitesi ile T.C. Tarim ve Orman Bakanlig: Tarimsal Arastirmalar ve Politikalar
Genel Miidiirliigliniin (TAGEM) ev sahipliginde 24 — 27 Haziran 2025 tarihinde yapilan 3.
Uluslararasi ve 16. Ulusal Tarimsal Yapilar ve Sulama Kongresi (ICASI-2025) basarili bir
sekilde tamamlamaktan mutluluk duyuyoruz. Kongre siiresince, ayrica iklim Degisikligi
Etki Degerlendirmesi, Uyum ve Azaltma I¢in Bitki Simiilasyon Modellerinin Onemi,
Sulama Yonetiminde Dijital Teknolojilerin Kullannmi ve Sulu Tarimda AgroPV
Kullaniminin Gelecegi konularinda 4 farkli yan etkinlik yapilmistir.

Kongrenin amaci, liniversiteler, arastirma enstitiileri, konu ile ilgili uzmanlar, karar vericiler
ve politika tiretenler, kamu ve sivil toplum orgiitleri ile 6zel sektor ve ciftcilerin de iginde
yer aldig1 tiim paydaslar1 bir araya getirmis, ulusal ve uluslararasi diizeyde bir tartisma
ortami olusturmus, tarimsal su yOnetimi ve sulama ile tarimsal yapilar konularindaki
sorunlara, azalan su kaynaklari, iklim degisikligi ve kiiresel 1sinma da goz Oniine alinarak
coziimler iiretmistir. Ayrica, kongre konular ile ilgili en son gelismeleri, politikalari,
uygulamalari, inovasyon ve teknolojiler paylasilmistir. Kongreye 17 farkli iilkeden 35
katilimc1 ve Tiirkiye'den 161 katilimci olmak iizere toplam 196 katilimer katilmistir. Bu
baglamda diger iilkelerden ve Tiirkiye'den davet ettigimiz konusmacilarimiza ve
katilimcilara tesekkiir etmek istiyorum.

Bu kadar 6nemli etkinlikler, kurumlarimizin ve paydaslarimizin destegi ve is birligi olmadan
gerceklestirilemezdi. Bu nedenle, bizlere destek olan Ankara Universitesi Rektoriimiiz
Necdet UNUVAR’a ve Tarim ve Orman Bakanligi Tarimsal Arastirmalar ve Politikalar
Genel Midiirii Dr. Mustafa Altug ATALAY ’a 6zel tesekkiirlerimizi sunmak isteriz. Ayrica,
onemli destekleri nedeniyle tiim kurum ve kuruluslara tesekkiirlerimizi ifade etmek isteriz:
Ankara Universite Ziraat Fakiiltesi, Ankara Biiyiiksehir Belediyesi, Beypazar1 Belediyesi,
Ankara Biiyiiksehir Belediyesi Kirsal Hizmetler Daire Baskanligi, Tiirkiye Is Bankasi,
Sulama Dernegi, Basingli Sulama Sanayicileri Dernegi (BASUSAD), METOS TR Bilisim
Tarim Teknolojileri, ARMAS Su Armatiirleri San. ve Tic. A.S., KWS Tiirk Tarim Ticaret
A.S., Florimond Desprez Tiirkiye.

Son olarak, bu etkinligin gerceklestirilmesinde emegi gegcen tiim organizasyon ve bilimsel
komite iiyelerine, personele ve 6grencilere tesekkiir etmek istiyorum. Kongremizin iilkemiz,
bolgemiz ve paydaslarimiz icin faydali olacagina inanarak sizlere saygilarimi sunuyorum.

Prof. Dr. Yusuf Ersoy YILDIRIM

Kongre Diizenleme Kurulu Baskani
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PREFACE

We are pleased to announce the successful completion of the 3rd International and 16th
National Agricultural Structures and Irrigation Congress (ICASI-2025), hosted by Ankara
University and the General Directorate of Agricultural Research and Policies (TAGEM) of
the Ministry of Agriculture and Forestry of the Republic of Turkey, from June 24-27, 2025.
During the congress, four side events were also held focusing on the Importance of Plant
Simulation Models for Climate Change Impact Assessment, Adaptation and Mitigation, the
Use of Digital Technologies in Irrigation Management, and the Future of AgroPV Use in
Irrigated Agriculture.

The aim of the congress was to bring together all stakeholders, including universities,
research institutes, experts, decision-makers and policymakers, public and civil society
organizations, the private sector, and farmers, creating a national and international discussion
environment and generating solutions to problems in agricultural water management and
irrigation and agricultural structures, considering dwindling water resources, climate change,
and global warming. In addition, the latest developments, policies, practices, innovations,
and technologies related to the congress topics were shared. A total of 196 participants
attended the congress, including 35 participants from 17 different countries and 161
participants from Tiirkiye. In this context, I would like to thank our speakers and participants
whom we invited from other countries and from Tiirkiye.

Such important events could not have been realized without the support and cooperation of
our institutions and stakeholders. Therefore, we would like to extend our special thanks to
our Rector of Ankara University, Necdet UNUVAR, and the General Director of Agricultural
Research and Policies of the Ministry of Agriculture and Forestry, Dr. Mustafa Altug
ATALAY, for their support. We would also like to express our gratitude to all institutions and
organizations for their significant support: Ankara University Faculty of Agriculture, Ankara
Metropolitan Municipality, Beypazari Municipality, Ankara Metropolitan Municipality
Rural Services Department, Tiirkiye Is Bankasi, Irrigation Association, Pressurized
Irrigation Manufacturers Association (BASUSAD), METOS TR Information Technology
Agricultural Technologies, ARMAS Water Fittings Industry and Trade. A.S., KWS Tiirk
Tarim Ticaret A.S., Florimond Desprez Tiirkiye.

Finally, I would like to thank all the organization and scientific committee members, staff,
and students who contributed to the realization of this event. I believe that our congress will
be beneficial for our country, our region, and our stakeholders, and I offer you my respects.

Prof. Dr. Yusuf Ersoy YILDIRIM

Head of the Congress Organising Committee
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24 HAZIRAN 2025 SALI

09.00-10.00: KAYIT
10.00-11.00: ACIS KONUSMALARI
11.30-12.30: Prof. Dr. Bruce ERICKSON (DAVETLi KONUSMACTI)

DIJITAL TARIMIN KURESEL CAPTA BENIMSENMESIi: TRENDLER VE
GELIiSEN TEKNOLOJILER

13.00-14.00: OGLE ARASI
14.00-15.30: I. OTURUM
15.30-16.00: CAY-KAHVE ARASI
16.00-17.30: II. OTURUM

14.00-17.30: YAN ETKINLIK 2 - SULAMA YONETIMINDE DIiJiTAL
TEKNOLOJILERIN KULLANIMI (CiGDEM SALONU)

16.30-19.00: YAN ETKINLIK 1 - BiTKi BUYUME MODELLERININ IKLIiM
DEGISIKLIGI ETKIi, UYUM, ADAPTASYON CALISMALARINDA ONEMI
(ALIC SALONU)

19.00: GALA YEMEGI (ANADOLU SOFRASI)
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25 HAZIRAN 2025 CARSAMBA

09.00-09.30: KAYIT

09.30-11.00: I. OTURUM
11.00-11.30: CAY- KAHVE ARASI
11.30-13.00: II. OTURUM
13.00-14.00: OGLE ARASI
14.00-15.30: III. OTURUM

14.00-18.00: YAN ETKINLIK 3 - SULU TARIMDA AGRO PV°NIN GELECEGI
(VEHBI ESER SALONU)

15.30-16.00: CAY-KAHVE ARASI
16.00-17.30: IV. OTURUM

19.00: AKSAM YEMEGI (ATA CIFTLIGI-GOLBASI / ANKARA)

26 HAZIRAN 2025 PERSEMBE

09.00 — 16.00: AGRO PV ARASTIRMA ALANI VE BEYPAZARI GEZISi

Xi
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24 HAZIRAN 2025
SALI / 14:00-15:30

I. OTURUM- IHLAMUR SALONU

OTURUM BASKANI: Prof. Dr. Ercan SIMSEK

Saat

Yazarlar

Kurum

Bildiri Bashg:

14:00-14:15

Prof. Dr. H. Eylem POLAT
Aras. Gor. Ahmet Cengiz

Ankara Universitesi
Ziraat Fakiiltesi
Tarimsal Yapilar ve

Hindi Yetistiriciligi ve
Uygun Kiimes Tasarimi:

14:15-14:30

YILDIRIM Sulama Boliimii, Bolu ili Ornegi
Ankara, Tiirkiye
Hayvan Barmaklarindan
Yozgat Bozok Kaynak.lanan Amonyak
; Universitesi, Miih,-Mim, [ _FEmisyonlarimn
Dr. Seyit UGUZ M Mikroalg Yetistiriciligi
Fakiiltesi,

Prof. Dr. Ercan SIMSEK
Prof. Dr. Erkan YASLIOGLU

Biyosistem Miihendisligi
Boliimii, Yozgat,
Tiirkiye.

ile Degerlendirilmesi:
Biyokiitle Verimliligi,
Emisyon Yakalama
Potansiyeli ve Ekonomik
Uygunluk

14:30-14:45

Aras. Gor. Ahmet Cengiz
YILDIRIM

Ankara Universitesi
Ziraat Fakiiltesi
Tarimsal Yapilar ve
Sulama Bo6liimii,

Giibre Yonetiminde
Uzaktan Algilama
Teknolojilerinin
Kullamim Olanaklari

Ankara, Tiirkiye
DSI Genel Miidiirliigii Tiirkiye’de Arazi
Fatma Tiiz Zehra GULSEVER | Arazi Toplulastirma ve | Toplulastirmasi ve Tarla
14:45-15:00 Dr. Neslihan SENGUL TiGH Dairesi ici Gelistirme
Aysegiil ATIK Baskanhgi, Ankara, Hizmetlerinde
Tiirkiye Diin-Bugiin-Yarin
Dr. Aynur FAYRAP Devlet Su Isleri Genel Kentsel Tarim
Prof. Dr. Siileyman TOY Miidiirliigii, Uygulamalarinda
15:00-15:15 Isletme ve Bakim Dairesi| Yenilik¢i Su Kullanim
Baskanhgi, Ankara, Yontemleri
Tiirkiye

15:30-16:00 CAY-KAHVE ARASI

Xii
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24 HAZIRAN 2025
SALI / 14:00-15:30

I. OTURUM- BUYUK SALON
OTURUM BASKANI: Prof. Dr. Nizamettin CIFTCI

Saat Yazarlar Kurum Bildiri Bashg:
Car_!akkale Onsekiz 1\14Huﬁi;ra:)l? tl:'lz:l
Yiik. Bil. Miih. Sertug FIDAN | Mart Universitesi, Ziraat Gériin tiilen[:e ile Celtik
Yiik. Ziraat Miih. Hakan NAR Fakiiltesi,

14:00-14:15

Prof. Dr. Gokhan CAMOGLU

Tarimsal Yapilar ve
Sulama Boéliimii,
Canakkale, Tiirkiye

Tarlalarinda Yabanci Ot
Tespiti: Derin Ogrenme
Modellerinin
Karsilastirilmasi

Ankara Universitesi,

Toprak Tuzlulugunun

Ziraat Fakiiltesi, Uzaktan Algilama ile
14:15-14:30 Aras. Gor. Elifnaz TORUN Tarimsal Yapilar ve Izlenmesi: Spektral
) ) Prof. Dr. G. Duygu SEMIZ Sulama Béliimii, Indeksler, Veri
Ankara, Tiirkiye Kaynaklar ve Yapay
Zeka Uygulamalan
. o Multispektral
Dr. Engin GONEN Yagh Tohumlar Gériintiiler Kullanilarak
Dr. Mete OZFIDANER Arastirma Enstitiisii Farkli Su Diizeylerinin
14:30-14:45 Doc. Dr. Yesim BOZKURT Wrastirma X reye
Miidiirliigii, Osmaniye, Masir Bitkisinin
.. COLAK Tiirkiye Fizyolojik Ozelliklerine
Dr. Ogr. Uyesi Alper BAYDAR Etkilerinin Belirlenmesi
Ogr. Gor. ihsan GOLGU1 fzmir Bakirea Toprak Tuzlulugunu
Prof. Dr. Serafettin ASIK Universi te;;i Y izlemede Entegre
14:45-15:00 Ars. Gor. Dr. Umut SUZAN Ekoloiik I"Jnivel,‘si te Yaklasim: Uzaktan
) ) Dog. Dr. Ersel YILMAZ OJTe L MIVErSte Algilama Verileri ve
Koordinatorliigii, Izmir, s el L
Tiirkive Makine Ogrenimi
y Algoritmalar:
A. Suat NACAR
Elif Didem Giille Sakin A
Dr. Meral ANLAGAN TAS Gﬁ: t{:‘f‘?‘;ﬁ}‘.f;iiit‘f o Sa:l:t"f;‘iffles'
15:00-15:15 Dr. Veli DEGIRMENCI ey St cPISHS
. Sanhurfa, Tiirkiye Bahgelerinde Su
Prof. Dr. Izzet ACAR Hasadmm Incelenmesi
Selami KAYA m !

Prof. Dr. Meryem KUZUCU

15:15-15:30

Dr. Meral ANLAGAN TAS
Dr. Servet ABRAK
A. Suat NACAR
N. Devrim ALMACA
M. Sami NACAR
Y. islam KALKAN
A. Bedei EMEN
Prof. Dr. Ali Fuat TARI

GAP Tarimsal Arastirma
Enstitiisii Midiirliigii,
Sanhurfa, Tiirkiye

GAP ile Suya Deger
(Modern Sulama
Tekniklerinin
yayginlastirilmasi)

15:30-16:00 CAY-KAHVE ARASI
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24 HAZIRAN 2025
SALI / 16:00-17:30

II. OTURUM- IHLAMUR SALONU

OTURUM BASKANI: Prof. Dr. Serafettin ASIK

Saat Yazarlar Kurum Bildiri Bashg:
Sule KUCUKCOSKUN Tarimsal Arastirmalar
16:00-16:15 | Dr- Gonea KARACABILGEN | ve Politikalar Genel Tét“}i’;‘;g;‘:;‘“gf;:{f -
) ) Dr. Cenk AKSIT Miidiirliigii (TAGEM), R Siirast
Dr. Sevinc MADENOGLU Ankara, Tiirkiye
Ege Universitesi, Ziraat
Dr. Umut SUZAN Fakiiltesi, Tarimda Su Kithg ile

16:15-16:30

Ogr. Gor. ihsan GOLGUL
Ogr. Gor. Erkal ERTEM

Tarimsal Yapilar ve
Sulama Boliimii, Izmir,
Tiirkiye

Miicadele Stratejileri

Batman Universitesi

Miihendislik Mimarhk Uluslararasi Ticaretin
Dog. Dr. Abdullah Fakiiltesi Su Yonetimi Uzerindeki
16:30-16:45 MURATOGLU . . crese ..
Miskin KARAKUS Insfu.l.t N.!uhendlsllgl Rolii: Ka-vramsal ve
Boliimii, Batman, Sayisal Bir Yaklasim
Tiirkiye
Malatya Turgut Ozal Kuraklik Verim
Universitesi, Ziraat Sigortasinda Sulu
16:45-17:00 Dr. Caglar Ozkan SEZER Fakiiltesi, Arazilerin Tespiti I¢in
) ) Prof. Dr. Yusuf Ersoy YILDIRIM | Biyosistem Miihendisligi, Tarim Sigortalari
Battalgazi, Malatya, Merkezi (TARSIM)
Tiirkiye Sirketine U¢ Adet Oneri
Karsi Devlet Teknik

17:00-17:15

Dr. A. M. ABDUAZIMOV

Universitesi, Sulama
Miihendisligi Fakiiltesi,
Sulama ve Meliorasyon

Boliimii, Ozbekistan,

Taskent

Ozbekistan'da Bugday
Islahinin Durumu ve
Gelecegi

Xiv
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24 HAZIRAN 2025
SALI / 16:00-17:30

II. OTURUM- BUYUK SALON
OTURUM BASKANI: Prof. Dr. Engin YURTSEVEN

Saat Yazarlar Kurum Bildiri Bashg:
ABD’nin Utah
Eyaletinde THA ve
Konya Toprak Su ve Sentinel-2 Gériintiileri
. § 5 Céllesme ile Miicadele Kullanmilarak Kamassi
16:00-16:15 Thsan Bugra BUGDAYCI ‘Arastirma Enstitiisii Yumak (Festuca
Assoc. Prof. Dr. Niel ALLEN A arundinacea Schreb.)
Miidiirliigii, Konya, ..
Tiirkiye Veriminde Farklh
Sezonluk Sulama
Stratejilerinin
Degerlendirilmesi
Dr. Cenk AKSIT Tarlmsz.ll.Arastlrmalar Tiirkiye Tal'lm.ln(.lfl. S}l
16:15-16:30 Dr. Gonca Karaca BILGEN ve POhtl,ka lar Genel Kullanim Etk“.l.l.lglm
Sule KUCUKCOSKUN Midiirliigii ('l:AG-EM), Artirmada Dijital
Ankara, Tiirkiye Yaklasimlar
Bati Akdeniz Tarimsal
- - Arastirma Enstitiisii —{ oo yonma ve iklim
16:30-16:45 Dr. Omer OZBEK Miidiirliigii, Toprak ve Degisikligi
Su Kaynaklar1 Boliimii
Antalya, Tiirkiye
Tarimsal Arastirmalar
ve Politikalar Genel
M“d? l“g“k(TASG EM), | iklim Degisikliginin
16:45-17:00 Dr. Deniz SANAL oprak ve Su Turuncgil Uretiminin
Kaynaklar OS- g
.. |Gelecegi Uzerine Etkileri
Arastirmalari Dairesi
Baskanhgi, Ankara,
Tiirkiye
Artirilmis Sicaklik,
Yiikseltilmis CO: ve
Nigde Omer Halisdemir Dongiisel Kurakhk
Yrd. Dog. Dr. Tefide KIZILDENiZ Universitesi, Tarim Kosullariin Yerli Yonca
17:00-17:15 Yiiksek Lisans Ogr. Ahmet Fatih Bilesimleri ve (Medicago sativa L.)
) ) AKANSU Teknolojileri Fakiiltesi, Cesitlerinde Yem
Dr. Aynur FAYRAP Biyosistem Miihendisligi Kalitesi ve Metan
Boliimii, Nigde, Tiirkiye Emisyonlar1 Uzerine
Olasi Etkileri: Literatiir
Taramasi
Dr. Rohat GULTEKIN Toprak, Giibre ve Su Tarladan Atmosfere:
Dr. Kadri_AVA'G Kaynai(larl Merkez Damla Sulama ile
Dr. Ceren GORGISEN P Sulanan Silajhk Misirda
17:15-17:30 P Arastirma Enstitiisii .. ..
Dr. Odiil OZTURK Miidiirliigii, Ankara Sulama Diizeylerinin
Dr. Tugba YETER Tiirk’iye i Sera Gazi Emisyonuna
Dr. Pinar BAHCECI ALSAN Etkisi
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Time Speaker Topic
Dr. Bruce ERICKSON Moving Forward with
14:00-14:30 Clinical Professor Digital Agriculture Digital Agriculture for
Director of the Agronomy e-Learning Food Security
Academy Purdue University, USA
Inés Samperi TENA . .
14:30-15:00 Use of Digital Solutions

(Spain Time 13:30)

Head of the Agricultural and Environmental
Services of the General Community of
Irrigators of the Aragon and Catalonia Canal

in Irrigation Unions and
Cooperatives

Monitoring Variable

Rate Center Pivot Drip
15:00-15:30 Prof. Dr. Eyiip Selim KOKSAL Irrigation Systems
SVU=152 L N Through UAV and
Ondokuz Mayis University, Samsun, Tiirkiye Satellite Remote
Sensing Systems
Innovative Approach to
15:30-16:00 Assoc. Prof. Dr. Emre TUNCA Irrigation Scheduling
:20-10: . R .. I by Using Un-Manned
Diizce University, Diizce, Tiirkiye Aerial Vehicle Images
16:00-16:30 COFFEE BREAK
Use of IOT Solutions in
16:00-16:30 Onno SCHAAP Irrigation Management
(Portegese Time: 14:00) Managing Partner Aquagri, Portugal and Sample
Applications
16:30-17:00 Emile JORDAAN . s
(South Africa Time: Climate and Irrigation
15:30) ) General Manager, METOS South Africa Management
Guy ASH
17:00'.17:30 Global Training Manager METOS North Climate .and Yield
(Canada Time: 9:00) America/Canada Winnipeg, Manitoba, Relationship
Canada
Prof. Dr. FrantiSek KUMHALA
Assoc. Prof. Dr. Jitka KUMHALOVA The votential of usin
Matéj KOHUTEK U£VS for pasture i
17:30-18:00 Czech University of Life Sciences Prague, T e
monitoring

Faculty of Engineering
Kamycka, Prague, Czech Republic
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Time Speaker Topic
Prof. Dr. Gerrit HOOGENBOOM D S'i‘glf ig"’spuls\f;izl;'l‘eg -
16:30-17:00 (Keynote Speaker) . PIng St
University of Florida, Gainesville, USA | S0lutions for Agriculture under
ty ’ ’ Climate Uncertainty
Prof. Dr. Haruyuki FUIIMAKI Optimization of
irrigation/leaching depths using
17:00-17:20 (Keynote Speaker) WASH_2D
Tottori University considering the cost for water
and weather forecast
, Simulating Tomato Yield
Prof. Dr. Vera POTOPOVA Responses to Climate Change
20-17: (Keynote Speaker) Scenarios in the Czech
17:20-17:40 s . .
Czech University of Life Sciences Prague, Czech Republic Using the DSSAT-
Republic CROPGRO Model
Determination of Sensitivity
Analysis of Peanut Crop
Assoc. Prof. Dr. Sevim Seda YAMAC Response to Future
17:40-17:55 Necmettin Erbakan University, Temperature, Rainfall, and
Konya, Tiirkiye CO: Scenarios Under Different
Irrigation Management
Dr. Hiidaverdi GURKAN Crop Modelling as a Strategic
17:55-18:10 | Turkish State Meteorological Service, Ankara, Tool for Optimizing
Tiirkiye Agricultural Production
Development Model
Nebi YESILEKIN Framework of the DSSAT-
Pythia Grided Crop
18:10-18:25 International Agricultural Research and Simulation: Spatial Estimation
Training Center, Izmir, Tiirkiye of Cotton Yield and Irrigation
Modules — The Case of
Menemen Plain
Dr. Ceren GORGISEN Evaluation of Different
18:25-18:40 Soil Fertilizer and Water Resources Central Irrigation Applications in Dry

Research Institute, Ankara, Tiirkiye

Beans with the DSSAT Crop
Simulation Model

XVii
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25 JUNE 2025
WEDNESDAY / 09:30-11:00

SESSION I- CiGDEM HALL )
SESSION CHAIR: Prof. Dr. Eyiip Selim KOKSAL

Time Authors Institution Topic
[1?1[1 ligg:‘;ifaslg;re::::]f:t Droughts in the Middle
Hasan Hiiseyin YILDIRIM of Civil )E/;n illl)eerin Eastern Countries:
09:30-09:50 Assoc. Prof. Dr. Ali ERCAN . g & Aridity Index Analysis
Hydraulics Laboratory,
- Between 1950 and 2024
Ankara, Tirkiye
Middle East Technical | Estimation of Crop Water
Osama ALAWI University, Department Requirements Using
09:50-10:10 Hasan Hiiseyin YILDIRIM of Civil Engineering, | Gridded Climate Datasets
) ) Assoc. Prof. Dr. Ali ERCAN Hydraulics Laboratory, | in the Euphrates—Tigris
Ankara, Tiirkiye River Basin of Tiirkiye
Activities of the
Dr. Ozlem SENOL General Dlrec.torate of Organlzaftlor.l of Islalfnc
State Hydraulic Works, | Cooperation in The Field
10:10-10:30 Dr. Ahmet SEREN .
2 P Department of Foreign |of Water Management and
Dr. Ozlem IRITAS . . .
Relations Cooperation Opportunities
With Member Countries
Ankara University,
Faculty of Agriculture, Wheat Yield Estimation
10:30-10:50 Eser BORA Department of Farm Using Spectral Vegetation
) ) Prof. Dr. Yusuf Ersoy YILDIRIM Structures and Indices
Irrigation, Ankara,
Tiirkiye
Asst. Prof. Dr. Ali Demir
KESKINER HarranUniversity, .
Prof. Dr. Mahmut CETIN Faculty of Agriculture, Agricultural l?rought
Assessment in the
10:50-11:10 Assoc. Prof. Dr. Hakan AKSU Department of Cukurova Region of
) ) Eng. Volkan CATALKAYA Agricultural Structures Tiirkive: Insi l%ts from
Dr. Omar ALSENJAR and Irrigation, Sanliurfa,[ \UUYS: DR RS
Eng. Zayneb TEBOULBI Tiirkiye
Eng. Muzaffer DALGIC
Ministry of Agriculture
and Forestry, Adaptation to Climate
11:10-11:30 Afire SEVER General Directorate of | Change and Sustainable

Dr. Erdem EROGLU

Water Management,
Ankara, Tiirkiye

Water Management

11:30-12:00 CAY-KAHVE ARASI

Xviii



3. ULUSLARARASI & 16. ULUSAL TARIMSAL YAPILAR VE SULAMA KONGRESI

ICASI 2025

24-27 HAZIRAN 2025

25 HAZIRAN 2025
CARSAMBA / 09:30-11:00

I. OTURUM- IHLAMUR SALONU
OTURUM BASKANI: Prof. Dr. Bilal CEMEK

Saat Yazarlar Kurum Bildiri Bashg:
Notron Termalizasyonu,
Bat1 Akdeniz Tarimsal Frekans Alani ve
Dr. Filiz AKIN Arastirma Enstitiisii, Tansiyometre Sensor
09:30-09:45 Prof. Dr. Bilal CEMEK Toprak ve Su Cihazlan Kullanilarak
Dr. Ibrahim AKIN Kaynaklar1 Boliimii, Toprak Nem
Antalya, Tiirkiye Algillamanin Arazi
Karsilastirmasi
Tarimsal Amach
Kullanilan Hidrojel
Dr. Demet UYGAN . y Dozlarunn ve Toprak
Gecit Kusagi Tarimsal | Biinyelerinin Kontrollii
Dr. Abdullah ALTAY o e .
09:45-10:00 - Arastirma Enstitiisii Kosullarda Biber
Dr. Ozgiir ATES c e e 1 R .
.. Eskisehir, Tiirkiye Bitkisinde Etkin Su
Giilser YALCIN .
Kullanimina ve Topragin
Su Tutma Kapasitesine
Etkileri
N irant Fakiess, | Oksifence Zengin
Sila EKIZ > Sulama Suyunun Seker
10:00-10:15 . . Tarimsal Yapilar ve .
Dog¢. Dr. Ismail TAS e Pancar Verim ve
Sulama Bélimi, Kalitesine Etkisi
Ankara, Tiirkiye
Yari1 Nemli Kosullarda
Dr. Giilsah UGLU TEKIN Atatiirk Bahce Yetistirilen Pathcanda
Dr. Ibrahim SONMEZ Kiiltiirleri Merkez (Solanum melongena L.)

10:15-10:30

Dr. Baris ALBAYRAK
Dr. Zekiye GOKSEL
Prof. Dr. Hakan
BUYUKCANGAZ

Arastirma Enstitiisii
Toprak ve Su
Kaynaklar1 Boliimii,
Yalova, Tiirkiye

Farkh Kisintili Sulama
Programlarinin Bitki Su
Tiiketimi, Verim ve
Kalite Parametreleri
Uzerine Etkisi

10:30-10:45

Giilsiim Gaye AKCA
Prof. Dr. Sema KALE CELIK

Isparta Uygulamah
Bilimler Universitesi,
Ziraat Fakiiltesi,
Tarimsal Yapilar ve
Sulama Béliimii, Isparta,
Tiirkiye

Nanomateryallerin
Sulama Calismalarinda
Kullanim Olanaklari

10:45-11:00

Dr. Burcu Cevik DEGERLI

Ondokuzmayis
Universitesi, Yapa Isleri
Teknik Daire Baskanhg,
Samsun, Tiirkiye

Bafra Ovasi Tarim
Alanlarma KIA Etkisi

11:00-11:30 CAY-KAHVE ARASI
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25 HAZIRAN 2025
CARSAMBA /09:30-11:00
I. OTURUM- MiRZA GOKGOZ SALONU
OTURUM BASKANI: Prof. Dr. Gokhan CAMOGLU
Saat Yazarlar Kurum Bildiri Bashg:
Aras. Gor. Burak DALKILIC ..
Dr. Mete OZFIDANER Malatya Turgut Ozal
P Universitesi, Ziraat Karatas ve Ceyhan
Dr. Ogr. Uyesi Alper BAYDAR rs e ae . ; <
09:30-09:45 . - Fakiiltesi, Biyosistem Istasyonlarinin Yagis
Dr. Engin GONEN .. TR ..
. Miihendisligi Boliimii, Trend Analizi
Dog. Dr. Yesim BOZKURT Malatva-Tiirkive
COLAK y y
Karsi Devlet Teknik
Universitesi, Sulama Ozbekistan'in Giiney
Miihendisligi Fakiiltesi, Bolgesinde Yer Alan
09:45-10:00 Dr. N. O‘. SARMONOV Hidroteknik Yapilar ve |Barajlarda Buharlasmay
Pompa Istasyonlari Belirleme Yonteminin
Boliimii, Ozbekistan, Gelistirilmesi
Taskent.
Bagcilikta iklim
Dr. Pinar DOGAN Manisa Bagcilik Degisikligi Etkilerinin
10:00-10:15 Ars. Gor. Miiberra ERDOGAN Arastirma Enstitiisii  |Yenilik¢i Trend Analizi ile
’ ) KARAAGACLI Miidiirliigii Manisa, Degerlendirilmesi:
Prof. Dr. Kadri YUREKLI Tiirkiye Huglin ve Winkler
indeksleri
Dr. Mete OZFIDANER Aiata tBahg:eé(ultt.:lrltzrl Mpe:Y?;'mseAl Yzig1§lz}rln
10:15-10:30 | Dr. Ogr. Uyesi Alper BAYDAR | Arastirma wnstitlisy o
. 8 Miidiirliigii Yenilikci Bir Yontemle
Dr. Engin GONEN e e ; .
Mersin/Tiirkiye Incelenmesi
Carlalfkale.On'sek}z Mart Merig- Ergene
Universitesi, Ziraat Havzasinda Don
10:30-10:45 Dr. Umut MUCAN Fakiltesi Olmayan Donemlerinin
) ) Dr. Ebru Elif A. CIVELEKOGLU| Tarimsal Yapilar ve y
e Mekansal ve Zamansal
Sulama Boéliimii, Desisimleri
Canakkale, Tiirkiye 81
Atatiirk Bahce Kiiltiirleri
Merkez Arastirma Yalova ilinde Sulama
10:45-11:00 Dr. Arzu GUNDUZ Enstitiisii Yéniinden Baz1 iklim
Toprak ve Su Kaynaklar1| Faktorlerinin Analizi
Béliimii, Yalova, Tiirkiye
11:00-11:30 CAY-KAHVE ARASI

XX
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25 JUNE 2025
WEDNESDAY /11:30-13:00

SESSION II- CIGDEM HALL

SESSION CHAIR: Assoc. Prof. Dr. Koksal AYDINSAKIR

Time Authors Institution Topic
Water Scarcity and
Irrigation Water
11:30-11:50 Dr. Moynul AHSAN SESRIC Managgement in OIC
Countries
Prof. Dr. Mahmut CETIN . .
Dr. Omar ALSENJAR Cl\‘,}mpt:;at”fllf)va.ll“a]t;"“ gf
Eng. Volkan CATALKAYA L oAy and Daly-Base
Asst. Prof. Dr. Ali Demir Cukurova Unl.versny, ETo Estimates Usn}g the
Faculty of Agriculture, Penman—Monteith
11:50-12:10 KESKINER Adana, Tiirkiye Approach: Insights from 65
Assoc. Prof. Dr. Hakan AKSU ’ Years o f Meteorological
Eng. Zayneb TEBOULBI Data in Adana, Tiirkiye
Eng. Muzaffer DALGIC i
Analysis of the Impact of
University of Novi Sad, Climate Change on
Asst. Prof. Dr. Jovana BEZDAN Faculty of Agriculture, Constructt.ed Wetla.nds in the
12:10-12:30 Prof. Dr. Atila BEZDAN Department of Water | Danube River Basin: A Case
Management, Novi Sad, Study of the GloZan
Serbia Settlement
Dr. Omar ALSENJAR
Prof. Dr. Mahmut CETIN Cukurova University, Assessing Long-Term
Assoc. Prof. Dr. Hakan AKSU | Faculty of Agriculture, Trends and Climate
Eng. Volkan CATALKAYA Department of Variability of Reference
12:30-12:50 Asst. Prof. Dr. Ali Demir Agricultural Structures | Evapotranspiration in a
KESKINER and Irrigation, Adana, Semi-Arid Region of
Eng. Zayneb TEBOULBI Tiirkiye Tiirkiye
Eng. Muzaffer DALGIC
Atatiirk Soil Water and
Agricultural
Dr. Cantekin KIVRAK Meteorology Research
o - Assessment of Future
Mehmet GUR Institute, Effects of Climate Change
12:50-13:10 Pelinsu DEMIRCI Department of c .
. . on Sunflower Yield in
Miige BASARAN Agricultural Thrace Region
Dr. Giilsiim KURT Meterology and
Climate Change,

Kirklareli, Tiirkiye

13:00-14:00 OGLE ARASI
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25 HAZIRAN 2025
CARSAMBA / 11:30-13:00

II. OTURUM- IHLAMUR SALONU

OTURUM BASKANI: Prof. Dr. Semih Metin SEZEN

Saat Yazarlar Kurum Bildiri Bashg:
Aysegiil BOYACIOGLU
Prof. Dr. Yusuf Ersoy YILDIRIM Sulama Suvuna Hava
Dog. Dr. ismail TAS T.S.F.A.S. Seker Entolat yommun
11:30-11:45 Dr. Ceren GORGISEN Enstitiisii, Ankara, Seder ayncamm
Dr. Tugba YETER Tiirkiye Pola Sell)(er Varhouna
Dog. Dr. Ko¢ Mehmet TUGRUL Eibisi £
Dr. Murat TUGRUL °
Dr. Meral ANLAGAN TAS Su Kisiti Kosullarinda
GAP Tarimsal Arastirma | Yiizeyalti Damla Sulama
11:45-12:00 Suat NACAR Enstitiisii, Sanhurfa ile Sulanan Pamukta
: ) Dr. Veli DEGIRMENCI L ’ .
- Tiirkiye Verim ve Sulama
Akin UN . .
Programinin Belirlenmesi
Dr. Filiz AKIN
Dog. Dr. Kiksal AYDINSAKIR
Dr. Omer OZBEK Yiizeyalt1 Damla Sulama
Dog. Dr. Sekip ERDAL Bat1 Akdeniz Tarimsal |Sistemiyle Farklh Sulama
12:00-12:15 Mehmet PAMUKCU Arastirma Enstitiisii, Suyu
) ) Gokhan UCAR Toprak ve Su Kaynaklari| Seviyelerinin Silajhik
Prof. Dr. Bilal CEMEK Boliimii, Antalya, Tiirkiye] Misir Verim ve Verim
Prof. Dr. Dursun BUYUKTAS Unsurlaria EtKisi
Dog¢. Dr. Cihan KARACA
Dr. Serife Giilden YILMAZ
Dr. Giilsen DURAKTEKIN | A\2t2 Babee Kiittivier: Farkh Sulama
12:15-12:30 Prof. Dr. Berkant ODEMIS ?V[ diirliisii Diizeylerinin Soya
Dr. Mete OZFIDANER naurast, Verimine Etkisi
Mersin, Tiirkiye
Prof. Dr. Halil DEMIR Akdeniz Universitesi
Prof. Dr. Harun KAMAN Zif‘aa ¢ Fakvifl tZsies ’ Sera Kosullarinda
12:30-12:45 Doc. Dr. ilker SONMEZ Tarimsal Yapilar i Yetistirilen Marulun
A Salahudin Saed MOHAMOUD | TS AP Ve Farkh Sulama
Prof. Dr. Ersin POLAT Tiirki ; ya, Rejimlerine Tepkileri
Zafer UCOK y
Canakkale Onsekiz Mart Sulamaya Agilan
e o e ors .. ... | Alanlarda Sulu Tarim
Universitesi, Lisansiistii
Esitim Enstitiisii 'Yapilmamasiyla Meydana
Abdullah YAVAS g > Gelen Bitkisel Uretim
12:45-13:00 T . Tarimsal Yapilar ve <
Dr. Ogr. Uyesi Murat TEKINER o Degeri Kayiplarinin
Sulama Anabilim Dah « .. .
Degerlendirilmesi:

Canakkale, Tiirkiye

Canakkale-Kumkale
Ovasi Ornegi

13:00-14:00 OGLE ARASI
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25 HAZIRAN 2025
CARSAMBA / 11:30-13:00

II. OTURUM- MiRZA GOKGOZ SALONU
OTURUM BASKANI: Prof. Dr. Sema KALE CELIiK

Saat

Yazarlar

Kurum

Bildiri Bashg:

11:30-11:45

Dr. Perihan TARI AKAP
Prof. Dr. Serafettin ASIK

Uluslararasi Tarimsal
Arastirma ve Egitim
Merkezi, Izmir, Tiirkiye

Aritilmis Evsel Atik Su
ile Biber Sulamasinda
Kullamilan Sulama
Yontemlerinin Verim ve

Kalite A¢isindan
Degerlendirilmesi
Tiirkiye Milli Botanik Ekolojik Temelli
. Baheesi Miidiirligi Siirdiiriilebilir Su
11:45-12:00 Dr. Fatma OZKAY Peyzaj Yonetimi CNsmo e s
foree e Kayna@1 Yonetimi:
Bolimii, Ankara, Beytepe Goleti Ornegi
Tiirkiye ytep g
Bilecik Seyh Edebali Bursa ili (Tiirkiye)

12:00-12:15

Dr. Cayan ALKAN

Universitesi, Ziraat ve
Doga Bilimleri Fakiiltesi
Biyosistem Miihendisligi

Boliimii, Bilecik,
Tiirkiye

Hasanaga Goleti’nin
Sulama Suyu Kalitesinin
Belirlenmesi

12:15-12:30

Dr. Perihan TARI AKAP
Prof. Dr. Serafettin ASIK

Uluslararasi Tarimsal
Arastirma ve Egitim
Merkezi, Izmir, Tiirkiye

Giivenli ve
Siirdiiriilebilir Sulama
i¢cin Aritilmis Atik Suyun
Kullanimi: Sal¢cahk
Biberde Verim, Kalite ve
Mikrobiyal Risk
Degerlendirmesi

12:30-12:45

Ash GULEC
Dog. Dr. Nurcan YAVUZ
Prof. Dr. Duran YAVUZ

Selcuk Universitesi, Fen
Bilimleri Enstitiisii,
Tarimsal Yapilar ve

Sulama Anabilim Dal,
Konya, Tiirkiye

Azelaik Asit Priming,
Tuz Stresi altindaki
Hiyar (Cucumis sativus
L.) Tohumlarinin
Cimlenme Kabiliyetini
Artirir m?

13:00-14:00 OGLE ARASI
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25 JUNE 2025
WEDNESDAY / 14:00-16:00

SESSION III- CIGDEM HALL

SESSION CHAIR: Assoc. Prof. Dr. Sevim Seda YAMAC

Time Authors Institution Topic
University of Novi Sad, .
Prof. Dr. Atila BEZDAN Faculty of Agriculture, Conglftl;jeggftrl‘;‘:es o
14:00-14:20 Asst. Prof. Dr. Jovana BEZDAN Department of Water the Balkan lg]e ioz,l
Management, Novi Sad, g
Serbia
- . Influence of Irrigation
Dr. Seving MADENOGLY | Ministry of Agriculture 1 %0, 641 Carbon in
Dr. Cenk AKSIT General Direc tozz’l te of Agricultural Areas: A
14:20-14:40 Dr. Gonca Karaca BILGEN Agricultural Reserch Review
Sule KUCUKCOSKUN and Policies (TAGEM),
Ankara, Tiirkiye
Purdue University Turning Waste Into
Xefii:ltl;r;il;tl (:é Fuel: Algal Carbon
PhD. Halis SIMSEK . g_ . . Capture And Biodiesel
14:40-15:00 Biological Engineering Production Using Egg-
225 South University Washing Wastewater
Street
Canalfkale.Onseklz Effect of Endophyte
Mart University, Faculty Bacteria Isolated from
Asst. Prof. Dr. Gizem AKSU of Agriculture, Noccaea caerulescens on
15:00-15:20 Prof. Dr. Ryota KATAOKA Department of Soil Lettuce Growth Under
Science and Plant Drousht Stress
Nutrition, Canakkale, ug
Tiirkiye
Emirhan CEMEK Modeling Soil
Prof. Dr. Kadir Ersin TEMIZEL Seventh Regional Infiltration with
15:20-15:40 Prof. Dr. Bilal CEMEK Directorate of State Machine Learning and
) ) Prof. Dr. Hakan ARSLAN Hydraulic Works (DSI), Fuzzy Logic Based
55070 Samsun, Tiirkiye Models
Prof. Dr. Sen‘uh Metin SEZEN Necmettin Erbakan
Dog. Dr. Sevim Seda YAMAC University, Eregli Impact of Irrigation
Prof. Dr. Dilsat BOZDOGAN - .
15:40-16:00 KONUSKAN Faculty of Agriculture, Regimes on Peanut
. . Department of Yield, Quality and Profit
Prof. Dr. [brahim YILMAZ Biosystems Engineerin in Semi-Arid Regions
Mehmet YILDIZ o e &
Dr. Orhan KARA ya, Jurikly
Ministry of Agriculture Op:.:::‘;zzg?l;\l/[::;}ds
and Forestry, .
16:00-16:20 Aﬁr ¢ SEVER General Directorate of Efficient Water
Giiney CAN Management:
Water Management, Sectoral Water

Ankara, Tiirkiye

Allocation Plans
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25 HAZIRAN 2025
CARSAMBA / 14:00-15:30

III. OTURUM- IHLAMUR SALONU
OTURUM BASKANI: Dog. Dr. Yesim BOZKURT COLAK

Saat Yazarlar Kurum Bildiri Bashgi
Dr. Ahmet TEZCAN Akzdiigilzt lég:(vlel;sltiem, Sera Kosullarinda
14:00-14:15 Prof. Dr. Halil DEMIR Tarimsal Ya ull:: i Yetistirilen Pathcanin
) ) Prof. Dr. Harun KAMAN Sulalsna B(‘jll)ﬁmiive Farkh Sulama
Mehmet CAN Antalya, Tiirkiye Rejimlerine Tepkileri
Prof. Dr. Semih Metin SEZEN
Mehmet YILDIZ - .- Sirt Uzerine Ekilen
Prof. Dr. Mehmet Serta¢c OZER Cukurova Universitesi Kinoa Bitkisinde Sulama
Dr. Sven-Erik JACOBSEN Ziraat Fakiiltesi ve Ekim Y;n telenlel:'inin
14:15-14:30 Dr. Ogr. Uyesi Hale GUNACTI Tarimsal Yapilar ve Verim. Kalit S
Prof. Dr. ZELIHA BEREKET | Sulama Béliimii, Adana, Crim, RATe ve Su.
. Kullanim Verimliligi
BARUT Tirkiye Uzerine Etkileri
Orhan KARA erine Ltkre
Clever Mwika MAAMBO
Doc. Dr. Kéksal AYDINSAKIR Siifkel;esr:‘;i‘;“:ksd“e-‘;‘:z
Prof. Dr. Dursun BUYUKTAS Bat1 Akdeniz Tarimsal Ko ul)l,arln da Yetistirilen
14:30-14:45 Tuba SECMEN Arastirma Enstitiisii, s arin St
.. Endiistriyel Kenevir
Hac1 TEK Antalya, Tiirkiye . .
Mustafa SOYSAL (Cannabis sativa cv.
us Vezir-55) Uzerine Etkisi
Bilecik Seyh Edebali Tiirkiye’de Bitki Su
Universitesi, Ziraat ve Tiiketimi Kavrami ve
Prof. Dr. Ramazan MERAL Doga Bilimleri Fakiiltesi,
14:45-15:00 . co . .. . rese Sulama
Hiiseyin KILIC Biyosistem Miihendisligi
sre s Tyer . Uygulamalarinda
Boliimii, Bilecik,
. Kullanim Durumu
Tiirkiye
Songiil KAL Sel?uk Unlve.:.rs1te251, Tz.lr.m.lsal Klll‘akllglfl ‘
Ziraat Fakiiltesi, Etkisini Azaltmada Bitki
Prof. Dr. Duran YAVUZ e . . . .
15:00-15:15 Tarimsal Yapilar ve Gelisimini Destekleyici
Dog. Dr. Nurcan YAVUZ vree e . .
. Sulama Boéliimii, Konya, | Rizobakterilerin (PGPR)
Prof. Dr. Bilal ACAR .o . .
Tiirkiye Fonksiyonel Rolleri
Dr. Tugba YETER
Dr. Kadri AVAG .
Yakup KOSKER Toprak Giibre ve Su An‘;erli’)m&eiﬁ:l“;e(xzkh
Doc. Dr. Seving USLU KIRAN Kaynaklar1 Merkez Sufama Zimam oSy
15:15-15:30 Halit YILDIZ Arastirma Enstitiisii Diizevlerinin Toprak
Turgay SEYMEN Miidiirliigii, Ankara, Nem ]§ sisimi U pr'n
Dr. Gonca KARACA BILGEN Tiirkiye egisim Lzerine

Prof. Dr. Aynur OZBAHCE Etkisi

Prof. Dr. Cenk KUCUKYUMUK

15:30-16:00 CAY-KAHVE ARASI
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25 HAZIRAN 2025
CARSAMBA / 14:00-15:30

III. OTURUM- MiRZA GOKGOZ SALONU
OTURUM BASKANI: Prof. Dr. Duran YAVUZ

Saat Yazarlar Kurum Bildiri Bashg:
) . Atatiirk Toprak Su ve Dgﬁ;ielﬁf;zniaiga
Dog Dr. Ulviye CEBI Tarimsal Meteoroloji Tuzluluk Diizg lerinin
14:00-14:15 Dr. Ozan OZTURK Arastirma Enstitiisii Brokoli Bi tkisinﬁe Verim
Dr. Selcuk OZER Miidiirliigii, Kirklareli, .
Tiirkiye ve Kalfte .
Parametrelerine Etkisi
Isparta Uygulamah Kisintili Sulama
Bilimler Universitesi, Kosullarinda Farkh
14:15-14:30 Giilsim Gaye AKCA Ziraat Fakiiltesi, Sulama Suyu
Prof. Dr. Sema KALE CELIK Tarimsal Yapilar ve Tuzlulugunun Biber
Sulama Boéliimii, Isparta,| (Capsicum Annuum)
Tiirkiye Verimi Uzerine EtKkisi
Hatay Mustafa Kemal | Kurakhk Stresi Altinda
Dr. Ogr. Uyesi Derya KAZGOZ Universitesi, Ziraat Yapraktan Uygulanan
14:30-14:45 CANDEMIR Fakiiltesi, Borun Soyanin
Prof. Dr. Berkant ODEMIS Biyosistem Miihendisligi | Fizyolojik Ozelliklerine
Boliimii, Hatay, Tiirkiye Etkisi
Karadeniz Tarimsal
Demet YILDIRIM Arastirma Enstitiisii, Seftali Yaprak Alam
14:45-15:00 Ashhan CANTURK Tarimsal Sulama ve | Tahmini i¢cin Yapay Zeka
Prof. Dr. Bilal CEMEK Arazi Islah1 Birimi, Destekli Yaklasimlar
Samsun Tiirkiye
Antalya Kosullarinda
Bat1 Akdeniz Tarimsal Yetistirilen Susam
Dr. Filiz AKIN Arastirma Enstitiisii, | (Sesamum indicum L.)
15:00-15:15 Prof. Dr. Bilal CEMEK Toprak ve Su Bitki Su Stres Indeksi
Dr. Aslihan CANTURK Kaynaklar1 Boliimii, Degerlerinin Bulamk
Antalya, Tiirkiye Mantik Yaklasimu ile
Modellenmesi
Emirhan CEMEK Makine Ogrenmesi ve
Dr. Yunus KULTUREL Devlet Su isleri Yedinci | Dalgacik Déoniisiimiine
15:15-15:30 Prof. Dr. Bilal CEMEK Bolge Miidiirliigii (DS), | Dayah Hibrit Bir Model

Doc. Dr. Erdem KUCUKTOPCU | 55070 Samsun, Tiirkiye Kullanarak Giines
Radyasyonunun Tahmini

15:30-16:00 CAY-KAHVE ARASI
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25 JUNE 2025
WEDNESDAY /16:15-18:15

SESSION IV- CiGDEM HALL

SESSION CHAIR: Prof. Dr. Atila BEZDAN

Time Authors Institution Topic
Republic of Tiirkiye
Ministry of Agriculture
Yavuz Fatih FIDANTEMIZ, and‘l':‘orestry, Solutions Pm\ilded by
Transitional Zone Remote Sensing for
Assoc. Prof. Dr. Ko¢ Mehmet . . .
16:15-16:35 TUGRUL Agricultural Research Early Diagnosis and
Institute Directorate, |Prediction in Agriculture
Agricultural Irrigation
and Land Reclamation
Unit, Eskisehir, Tiirkiye
General Directorate of
Agricultural Research .
and Policies (TAGEM), P(Ke?.tilfilrolixl?::g:d
Fatma AKCAKOCA Konya Soil Water q g
16:35-16:55 . Technology for
Combating .
Agriculture

Desertification Research
Institute, Konya,
Tiirkiye

16:55-17:15

Dr. Sefa AKSU
Hakan NAR
Prof. Dr. Gokhan CAMOGLU

Canakkale Onsekiz
Mart University, Faculty
of Agriculture,
Department of
Agricultural Structures
and Irrigation,
Canakkale, Tiirkiye

Time-Based Irrigation
System: Low-Cost,
Efficient, Applicable

17:15-17:35

Yavuz Fatih FIDANTEMIZ
Assoc. Prof. Dr. ismail TAS
Dr. Demet UYGAN
Dr. Ozgiir ATES
Dr. Erdin¢ SAVASLI
Dr. Oguz ONDER
Fatih KIZILASLAN

Transitional Zone
Agricultural Research
Institute, Eskisehir,

Effects of Mobile Drip
Irrigation and Cover
Crops on Water Use and
Soil Microbial Activity in

17:35-17:55

Yusuf ALKAN Tiirkiye Dry Bean
Ercan YUCEL
Aytac¢ Zafer ALICI
Dr. Mahmut POLAT
Performance Evaluation
of Irrigation Efficiency
State Hydraulic Works and Management: A

Dr. Eray HARMAN
Prof. Dr. Belgin CAKMAK

(DSI) 31. Department
Directorate, Eskisehir,
Tiirkiye

Case Study of the Newly
Commissioned
Giindiizler Irrigation
Scheme in Consolidated
Agricultural Lands

17:55-18:15

Dr. Turgay POLAT

General Directorate of
Agricultural Research
and Policies
Central Research

Introduction of The
Integrated Fertigation
System Used with Hose

Reel Irrigation Machine
in Field Conditions

Institute of Field Crops
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25 HAZIRAN 2025
CARSAMBA /16:00-17:30

IV. OTURUM- IHLAMUR SALONU
OTURUM BASKANI: Dr. Arzu GUNDUZ

Saat Yazarlar Kurum Bildiri Bashgi
Paraguay’da Enlem,
Prof. Dr. Bilal CEMEK I-Jo.“d"l.‘tuz .M;.yls .| Beylam ve Yiikseltiye
Maria Gabriela Fleitas mv;rsll(flstl, firaa  Dayah Makine
16:00-16:15 ORTELLADO Tanm:al“Y:sl‘iar e Ogrenmesi ile Aylik
Dog. Dr. Erdem KUCUKTOPCU [(  ArITSE. " 5PLE Referans
Dr. Halis SIMSEK ulama Bolumu, Samsun,|  Eyapotranspirasyon
Tiirkiye (ETo) Tahmini

Yiik. Ziraat Miih. Hakan NAR
Prof. Dr. Gokhan CAMOGLU )
Prof. Dr. R. Ciineyt ERENOGLU | Ganakkale Onsekiz Mart] 60 mavia

Dr. Ogr. Uyesi Sefa AKSU Universitfrsi, .Ziraat Yetistirilen Celtikte
16:15-16:30 Prof. Dr. Kiirsad DEMIREL Fakiiltesi, Sulama Zamaninin
Aylin ORHAN Tarmsal Yz.l'p.l.lar“ve Belirlenmesinde Spektral
Prof. Dr. Unal KIZIL Sulama BOll.l.ml{’ indekslerin Kullanim
Prof. Dr. Erhan AKKUZU Canakkale, Tiirkiye

Yiik. Ziraat Miih. Sener OZCELIK

: Tarimsal Arastirmalar ve| Model Tabanli Sulama
Dr. Gonca KARACA BILGEN Politikalar Genel Planlamasinda TAGEM-
16:30-16:45 Dr. Cenk AKSIT idiirlizi SuET Sisteminin
Sule KUCUKCOSKUN Miidiirliigii (TAGEM), Istem
Ankara, Tiirkiye Etkinligi
Tiirkiye’nin Farkh
Siirt Universitesi Teknik _Agroekolojik
Hiisamettin NAS Bilimler Meslek . Bolgelerinde Misir
16:45-17:00 | Dog. Dr. Abdullah MURATOGLU Yiiksekokulu, Uretiminin Su Ayak Izi:
Dr. Muhammed Sungur DEMIR Insaat Teknolojisi FAO-AquaCrop ve
Béliimii, Siirt, Tiirkiye CROPWAT Modellemesi
Karsilastirmasi

Prof. Dr. Semih Metin SEZEN Gozlii Tarim isletmesi | Sulama Planlamasimin

Kadir Can OZ Miidiirliigii, Tarim Yerfistig1 Verimi Uzerine

17:00-17:15 Ishfag AHMAD isletmeleri Genel Etkisi: Dogu Akdeniz’de
Muhammad Habib-ur-RAHMAN Miidiirliigii, CSM-CROPGRO
Ebrahim AMIiRI Konya, Tiirkiye Simiilasyon Modeli
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Time Speaker Topic

Agrivoltaic: Unlocking the Future

14:00-14:20 Mehmet YUKSEL of Sustainable Agriculture ?

Prof. Dr. Hadi AL-AGELE Agrivoltaic Systems Increase Land

14:20-14:35 Oregon State University, Corvallis, USA Use Efficiency and Reduce Water

Consumption
. Photovoltaic Solar Power Plant
14:35-14:55 Omer YALCIN ) Integrated Over Fruit Trees:
METU-GUNAM, Ankara, Tiirkiye Erciyes AgriPV

. The Effect of Agrivoltaic System

14:55-15:15 Prof. Dr. Hadi AL-AGELE on Nutrient Content, Yield, and
Oregon State University, Corvallis, USA Water Productivity of Potatoes
Alexa Torres BOGGIO

Project Model Region Agrivoltaics
15:15-15:35 Fraunhofer-Institut fiir Solare for Baden-Wiirttemberg

Energiesysteme ISE, Germany

15:35-16:00 COFFEE BREAK
Omer YALCIN Des1g1.1 Detal}s and Validation of a
16:00-16:20 METU-GUNAM. Ankara. Tiirkive Simulation Model for an
’ ’ y Agrivoltaic System: Ayas AgriPV
. . . Irrigation in AgriPVSystems:
16:20-16:40 Ricardo CASTRO What We Need to Know
Costanza RIZZO Powering Agrivoltaics: How
16:40-17:00 Consultant at Food and Agriculture Design, Partnerships, and Policy
Organization of the United Nations, Italy Drive Success
Prof. Dr. Genevieve BYRNE
(Professor of Law and Director of the Farm | pegjoning Regulatory Definitions
17:00-17:20 | and Energy Initiative at Vermont Law and for Agrivoltaics
Graduate School)

Frederik SCHONBERGER DU
17:20-17:40 Fraunhofer Chile Agri-PV in Chile
17:40-18:00 HYPERION SYSTEMS Where farming and solar work

together
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TURKEYS FARMING AND SUITABLE POULTRY HOUSE DESIGN: THE CASE OF BOLU
PROVINCE

Prof. Dr. Havva Eylem POLAT!
Ankara University, Faculty of Agriculture, Department of Farm Structures and Irrigation, Ankara, Tiirkiye
ORCID ID: 0000-0002-2159-0666
epolat@ankara.edu.tr

Res. Asst. Ahmet Cengiz YILDIRIM?
Ankara University, Faculty of Agriculture, Department of Farm Structures and Irrigation, Ankara, Tiirkiye
ORCID ID: 0000-0002-1049-437X
acyildirim@ankara.edu.tr

ABSTRACT

With the rapid increase in the world population, the demand for food is also increasing. It has become
imperative to increase productivity in order to meet this growing demand. Although technological advances
have made it possible to lorthwe productivity parameters more effectively, the decline in agricultural land
due to increasing urbanisation and the negative effects of climate change are causing problems in agricultural
production. Humans can only obtain certain vitamins and minerals necessary for healthy nutrition from
animal-based foods. Globally, livestock farming accounts for 7.1 GT CO2 emissions, equivalent to 14.5% of
total greenhouse gas emissions. Cattle are responsible for nearly two-thirds of this total due to methane
emissions from rumen fermentation. In order to reduce the negative effects of climate change, livestock
farming activities should be diversified to include small ruminants and poultry farming. Turkeys meat, an
important source of protein, also has low cholesterol levels. In this regard, it is highly valuable for human
nutrition in terms of health. It is also an important alternative for reducing greenhouse gas emissions from
cattle farming. The physical environment in which poultry is raised is an important factor in the production
of high-quality turkeys meat. It is necessary to promote turkeys farming and design suitable poultry houses
for a healthy production environment. In this study, a model turkeys house design was created for Bolu
Province, where poultry farming is widely practised. The design was created taking into account the floor
system used in farming and the housing of animals in the poultry house after they have grown.

Keywords: Turkeys, turkeys poultry houses, design, livestock farming
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HIiNDIi YETISTIRICILiGi VE UYGUN KUMES TASARIMI: BOLU iLi ORNEGI

Prof. Dr. Havva Eylem POLAT!
Ankara Universitesi Ziraat Fakiiltesi Tarimsal Yapilar ve Sulama Boliimii, Ankara, Tiirkiye
ORCID ID: 0000-0002-2159-0666
epolat@ankara.edu.tr

Arag. Gor. Ahmet Cengiz YILDIRIM?
Ankara Universitesi Ziraat Fakiiltesi Tarimsal Yapilar ve Sulama Boliimii, Ankara, Tiirkiye
ORCID ID: 0000-0002-1049-437X
acyildirim@ankara.edu.tr

OZET

Diinya niifusundaki hizli artigla birlikte gidaya olan talep de artmaktadir. Artan talebi kargilamak igin verim
artisinin saglanmasi zorunlu bir hal almigtir. Gelisen teknolojiyle verim parametreleri daha iyi bir bigimde
izlense de artan sehirlesme ile tarim alanlarinin azalmasi ve iklim degisikliginin olumsuz etkileri tarimsal
iiretimde sorunlar ortaya ¢ikarmaktadir. Insanoglu, saglikli beslenebilmesi icin gerekli bazi vitamin ve
mineral maddeleri sadece hayvansal gidalardan alabilmektedir. Diinyada hayvancilik faaliyetleri, toplam sera
gaz1 emisyonlarinin %14,5’ine denk gelen 7,1 GT CO; salinimina neden olmaktadir. Biiylikbas hayvanlar
rumen fermantasyonundan kaynaklanan metan emisyonlart nedeniyle bu toplamin neredeyse {igte ikisinden
sorumludur. iklim degisikliginin olumsuz etkilerini azaltmak amactyla hayvancilik faaliyetlerini kiigiikbas ve
kanatli hayvan yetistiriciligi ile gesitlendirmek diisiiniilmelidir. Onemli bir protein kaynag1 olan hindi eti ayn
zamanda diigiik kolesterol degerine sahiptir. Bu bakimdan insan beslenmesinde saglik agisindan oldukca
degerlidir. Ayn1 zamanda biiyiikbas hayvanciliktan kaynaklanan sera gazi emisyonlarini azaltmak icin de
onemli bir alternatif durumundadir. Kaliteli hindi etinin tiretilmesinde, yetistiriciligin yapildig fiziksel ¢evre
onemli bir etkendir. Hindi yetistiriciliginin yayginlastirilmasi ve saglikli bir {iretim ortami i¢in uygun kiimes
tasarimlarinin yapilmasi gereklidir. Bu ¢alismada, kanatli hayvan yetistiriciliginin yaygin olarak yapildigi
Bolu 1li igin 6rnek bir hindi kiimesi tasarimi yapilmistir. Yetistiricilikte yer sistemi ve hayvanlar palaz
olduktan sonra kiimeste barindirilmasi géz oniine alinarak tasarim gergeklestirilmistir.

Anahtar Kkelimeler: Hindi, hindi kiimesleri, tasarim, hayvancihk
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VALORIZATION OF AMMONIA EMISSIONS FROM ANIMAL HOUSES VIA MICROALGAE
CULTIVATION: BIOMASS PRODUCTIVITY, EMISSION CAPTURE POTENTIAL, AND
ECONOMIC FEASIBILITY

Dr. Seyit UGUZ!
Yozgat Bozok University, Faculty of Engineering-Architecture,
Biosystems Engineering, Yozgat, Turkey.
ORCID: 0000-0002-3994-8099
seyit@uludag.edu.tr

Prof. Dr. Ercan SIMSEK?
Bursa Uludag University, Faculty of Agriculture,
Department of Biosystems Engineering, Bursa, Turkey.
ORCID: 0000-0001-9979-5496

Prof. Dr. Erkan YASLIOGLU?
Bursa Uludag University, Faculty of Agriculture,
Department of Biosystems Engineering, Bursa, Turkey.
ORCID: 0000-0002-3865-7863

ABSTRACT

Ammonia (NHs) emissions from livestock facilities are a significant environmental concern, contributing to
air pollution and ecosystem degradation. This study evaluates the potential of microalgae-based systems to
capture NHs emissions from broiler houses, dairy barns, and pig barns, while simultaneously producing value-
added algal biomass. Emission rates were estimated from 3orthweste, and NHs assimilation into algal biomass
was modeled using stoichiometric nitrogen uptake equations. Among the evaluated systems, a typical dairy
barn emitting 24 kg NHs/day could capture approximately 11.66 kg/day, yielding 146.74 kg/day of algal
biomass and generating an estimated 3orth revenue of $586.90 (annual revenue: $214,290). Similarly, broiler
houses and pig barns captured 5.3 and 2.81 kg NHs/day, producing 66.7 and 35.4 kg/day of biomass, with
annual revenues of $97,382 and $51,612, respectively. Scenedesmus sp. Demonstrated superior NHs removal
efficiency and biomass productivity across all scenarios. The findings suggest that integrating microalgae-
based photobioreactors into livestock operations can provide both environmental mitigation and economic
return, supporting the transition to circular agricultural systems.

Keywords: Photobioreactor, nitrogen, mitigation, sustainability
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HAYVAN BARINAKLARINDAN KAYNAKLANAN AMONYAK EMIiSYONLARININ
MIiKROALG YETISTIiRICIiLiGi iLE DEGERLENDIRILMESI: BiYOKUTLE VERIMLILIiGI,
EMISYON YAKALAMA POTANSIYELI VE EKONOMIK UYGUNLUK

Dr. Seyit UGUZ!
Yozgat Bozok Universitesi, Miih.-Mim. Fakiiltesi, Biyosistem Miihendisligi Boliimii, Yozgat, Tiirkiye
ORCID: 0000-0002-3994-8099
seyit@uludag.edu.tr

Prof. Dr. Ercan SIMSEK?
Bursa Uludag Universitesi, Ziraat Fakiiltesi, Biyosistem Miihendisligi Béliimii, Bursa, Tiirkiye
ORCID: 0000-0001-9979-5496

Prof. Dr. Erkan YASLIOGLU?
Bursa Uludag Universitesi, Ziraat Fakiiltesi, Biyosistem Miihendisligi Boliimii, Bursa, Tiirkiye
ORCID: 0000-0002-3865-7863

OZET

Hayvancilik igletmelerinden kaynaklanan amonyak (NHs) emisyonlari, hava kirliligine ve ekosistem
bozulmasina neden olan 6nemli bir ¢evresel sorundur. Bu ¢aligma, broyler kiimesleri, siit sigirciligi ahirlar
ve domuz barinaklarindan saliman NH;3 emisyonlarinin mikroalglere dayali sistemler araciligiyla yakalanma
potansiyelini ve eszamanli olarak katma degerli alg biyokiitlesi tiretimini degerlendirmektedir. Mikroalglerin
NH3 azaltim kapasiteleri, literatiirdeki emisyon degerleri ile stokiyometrik azot alim denklemleri kullanilarak
modellenmistir. Degerlendirilen sistemler arasinda, giinde yaklasik 24 kg NH3; emisyonuna sahip tipik bir siit
inegi ahirinda, giinlik 11,66 kg NH; yakalanabilir; bu da 146,74 kg/giin alg biyokiitlesi {iretimiyle
sonuglanmakta ve yaklasik 586,90 $ giinlik (yillik 214.290 $) gelir saglamaktadir. Benzer sekilde, broyler
kiimeslerinde ve domuz barinaklarinda sirasiyla 5,3 ve 2,81 kg/giin NH3 yakalanarak, 66,7 ve 35,4 kg/giin
biyokiitle iiretilebilmekte; bu durum yillik bazda sirastyla 97.382 $ ve 51.612 $ gelir elde edilmesini miimkiin
kilmaktadir. Tiim senaryolar arasinda Scenedesmus tiirli, en yliksek NHs giderim verimliligi ve biyokiitle
tiretim performansini gostermistir. Elde edilen bulgular, mikroalglere dayali fotobiyoreaktdrlerin hayvancilik
isletmelerine entegre edilmesinin hem ¢evresel iyilesme hem de ekonomik geri doniis saglayabilecegini ve
bu sayede siirdiiriilebilir tarim sistemlerine gecisi destekleyebilecegini ortaya koymaktadir.

Anahtar kelimeler: Fotobiyoreaktor, azot, azaltim, siirdiiriilebilirlik
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ABSTRACT

Livestock farming plays a Sorth role in ensuring a balanced and adequate diet Sorthwe population. The
growing world population and the increasingly noticeable negative effects of climate change have made food
supply even more important. Increasing agricultural productivity has become essential in order to meet food
demand. Intensive agricultural practices are being implemented to increase productivity. However, this has a
negative impact on the environment. Today, environmentally friendly approaches are coming to the fore in
agricultural production in order to both protect environmental resources and meet the demand for food. The
livestock sector is constantly growing in order to achieve the high level of livestock production required
Sorthwe growing population, contributing 40-50% of agricultural GDP. This large sector produces large
amounts of manure. The management of the resulting manure is of great importance. Animal manure is a
valuable nutrient source for plant production. If not managed properly, animal manure can cause excessive
accumulation of nutrients such as phosphorus and nitrogen in surface and groundwater. Leakage from manure
spread on fields or stored outdoors without control during rainy seasons can cause pollution and
eutrophication in surface and groundwater. Remote sensing methods can be used to determine whether
manure management is appropriate and to Sorthwe the season in which manure is spread on fields without
having to go out into the field. This makes it possible to Sorthwe larger areas in a more practical manner. This
study focuses on the possibilities of using remote sensing in manure management.

Keywords: Manure management, remote sensing, manure pollution, waste management
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OZET

Niifusun dengeli ve yeterli beslenmesinde hayvancilik biiyilik bir paya sahiptir. Artan diinya niifusu, iklim
degisikliginin hissedilir hale gelen olumsuz etkileri gida teminini daha énemli hale getirmistir. Gida talebini
karsilamak i¢in tarimda verim artist zorunlu bir hal almistir. Verim artisi icin yogun tarimsal uygulamalar
yapilmaktadir. Fakat bu durum ¢evreye olumsuz etkiler yaratmaktadir. Glinlimiizde artik tarimsal iiretimde
hem ¢evresel kaynaklari korumak hem de gidaya olan talebi karsilamak i¢in ¢evre dostu yaklagimlar 6n plana
cikmaktadir. Artan niifus icin gerekli olan yiiksek hayvancilik iiretim seviyesine ulasmak i¢in hayvancilik
sektorii stirekli artis gdstermekte ve tarimsal GSYH nin %40-50’sine katkida bulunmaktadir. Bu biiyiik sektor
biiyiik miktarda giibre liretmektedir. Ortaya ¢ikan giibrenin yonetimi olduk¢a 6nemlidir. Hayvan giibresi
bitkisel liretim i¢in degerli bir besin kaynagidir. Uygun kosullarda yonetimi yapilmayan hayvan giibresi yilizey
ve yer alti sularinda fosfor ve azot gibi besin maddelerinin fazla birikmesine sebep olabilir. Yagish
mevsimlerde tarlaya serilen veya agikta kontrolsiizce depolanan giibrelerden olusan sizmalar yiizey ve yer
alt1 sularinda kirlilik ve 6trofikasyona sebep olabilir. Giibre yonetiminin uygun bir sekilde olup olmadigim
ve giibrenin tarlaya serilis mevsimini araziye ¢ikmadan kontrol edebilmek i¢in uzaktan algilama yontemleri
kullanilabilmektedir. Boylece daha biiyiik alanlar1 daha pratik bir sekilde izlemek miimkiin olmaktadir. Bu
caligmada giibre yonetiminde uzaktan algilamanin kullanim olanaklari iizerinde durulmustur.

Anahtar Kelimeler: Giibre yonetimi, uzaktan algilama, giibre Kirliligi, atik yonetimi
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ABSTRACT

Climate change, population pressure, the need for energy along with the increase in technology, energy
produced from fossil fuels, overuse and pollution of water resources, as a result of agriculture carried out
without resting the soil and by polluting it with various chemicals, unfortunately, both 7orthw to safe food
and a livable environment will be hard for people to achieve with each passing day. Effective management
of agricultural lands is one of the indispensable issues 7orthwe sustainability of natural resources and the
environment. “Land consolidation studies”, are defined as preventing the degradation and fragmentation of
agricultural lands due to natural and artificial effects, combining multiple land plots to create new parcels that
are economical, ecological and more functional by taking into account the natural characteristics, usage
integrity and property rights in fragmented lands, determining the usage patterns of these parcels by
evaluating their land characteristics and areas, and providing land development services, started in Tiirkiye
in 1961 with simple village-based land consolidation. As a result of the legal regulation made in 2018, which
required the planning of other infrastructure services (irrigation, on-farm development operations, etc.)
together with land consolidation, the authority to conduct land consolidation work throughout Tiirkiye was
given to the General Directorate of State Hydraulic Works with the Additional Article 9-11 of Law No. 6200
(Added: 19/4/2018-7139/7 art). Up to now land consolidation has been carried out in a total of 7.586.027
hectares of land with 367 projects in Tiirkiye. Currently, land consolidation 7orth are continuing in an area of
2.006.641 hectares with 204 projects by the General Directorate of State Hydraulic Works. The potential area
where land consolidation has not yet been carried out in Tiirkiye is approximately 4,8 million hectares.

Keywords: Land consolidation, property rights, on-farm development services, productivity
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OZET

Siirdiiriilebilir gida giivenligi ile cevresel siirdiiriilebilirligin saglanmasi yasam dongiisiiniin devami i¢in
sarttir. iklim degisikligi, niifus baskis1, teknolojinin artmast ile beraber enerjiye olan ihtiyag, fosil yakitlardan
iiretilen enerji, su kaynaklarinin asir1 kullanimi ve kirletilmesi, topraklarin dinlendirilmeden ve gesitli
kimyasallarla kirletilerek yapilan ziraat ile hem giivenilir gidaya ulasim hem de yasanabilir cevre maalesef
her gecen giin insanlar i¢in ulasilmast zor olacaktir. Dogal kaynaklarin ve ¢evrenin siirdiiriilebilirligi igin
tarim arazilerinin iyi yonetilmesi vazgecilmez konularin basinda gelmektedir. Tarim arazilerinin dogal ve
yapay etkilerle bozulmasini ve pargalanmasini dnlemek, par¢alanmis arazilerde ise dogal 6zellikleri, kullanim
biitlinligli ve miilkiyet haklar1 gozetilerek birden fazla arazi parcasinin birlestirilip ekonomik, ekolojik ve
daha islevsel yeni parsellerin olusturulmasini, bu parsellerin arazi 6zellikleri ve alan1 degerlendirilerek
kullanim sekillerinin belirlenmesini ve arazi gelisimi hizmetlerinin saglanmasi olarak tanimlanan “arazi
toplulastirma ¢alismalar1”, Tiirkiye’de 1961 yilinda kdy bazli basit arazi toplulagtirma ile baglamistir. Arazi
toplulastirmasi ile birlikte diger altyapi hizmetlerinin de (sulama, tarla i¢i gelistirme islemleri vb.) birlikte
planlanmasi geregi ile 2018 yilinda yapilan yasal diizenleme sonucu Tiirkiye genelinde arazi toplulagtirma
caligmas1 yapma yetkisi 6200 sayili yasanin Ek Madde 9-11 (Ek: 19/4/2018-7139/7 md.) maddesiyle DSI
Genel Miidiirligiine verilmistir. Tiirkiye’de bugiine kadar toplam 367 proje ile 7586027 ha alanda arazi
toplulastirmasi yapilmistir. Hali hazirda DSI Genel Miidiirliigii tarafindan 204 proje ile 2006641 ha alanda
arazi toplulagtirmasi ¢aligmalarina devam edilmektedir. Tiirkiye’de heniiz arazi toplulastirmasi yapilmamis
potansiyel alan yaklasik 4,8 milyon ha’dir.

Anahtar Kelimeler: Arazi toplulastirmasi, miilkiyet hakki, tarla i¢i gelistirme hizmetleri, verimlilik
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ABSTRACT

Urban agriculture practices refer to the areas established within or around cities to meet wholly or partially
the needs of people for food. These areas, which can be used for agricultural production year-round or
seasonally, are generally publicly owned and allocated to users. Urban agricultural spaces, also known as
allotment gardens, urban gardens, or community gardens, have a history dating back to ancient times, yet
they have recently regained prominence. Urban agricultural areas provide significant physical, social, and
economic benefits to city dwellers. They function as green spaces in urban environments, offering all the
physical advantages associated with green areas. As recreational spaces, they contribute positively to the
mental and physical well-being of individuals, particularly the elderly and children, while also fostering social
integration and communication. The products grown in these areas provide notable economic benefits to
cities, supporting both carbon reduction efforts and food security. Successful examples of urban agriculture
show that these spaces are systematically planned within or periphery of cities. Innovative methods are
employed for maintenance and irrigation. The aim of this study is to evaluate innovative approaches to water
supply and irrigation methods in urban agricultural areas by reviewing literature and case studies, categorize
these approaches, and develop recommendations for urban agricultural areas to be established in various
regions of Tiirkiye.

Keywords: Food security, climate change, urban agriculture, irrigation
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OZET

Kentsel tarim uygulamalar1 kent igerisinde ve ¢evresinde insanlarin gida ihtiyaclarinin tamamini ya da bir
boliimiini karsilamak amaciyla olusturulan, yi1l boyu ya da mevsimlik olarak tarimsal {iretim yapilan,
miilkiyeti genellikle kamuya ait olan ve tahsis seklinde kullanicilara verilen alanlardir. Tahsisli bahgeler, kent
bostanlari, toplum bahgeleri seklinde farkli isimleri bulunan kentsel tarim alanlarinin tarihi antik caglara
kadar gitse de son zamanlarda yeniden giindeme gelmistir. Kentsel tarim alanlarinin kentlerde yasayan
insanlar lizerinde fiziksel, sosyal ve ekonomik agidan 6nemli faydalar1 bulunmaktadir. Kentlerde yesil alan
fonksiyonu gérmekte ve kentsel yesil alanlarin sagladigi biitiin fiziksel avantajlar1 saglamaktadir. Rekreasyon
alan islevi gordiikleri icin insanlarin ozellikle yashi ve ¢ocuklarin ruh ve beden sagligina olumlu katki
saglamakta ve toplumsal biitiinlesmeyi ve iletisimi artirmaktadir. Uretilen iiriinlerin kente sagladigi dnemli
ekonomik katkilar1 bulunmakta ve bu sayede hem karbon azaltimma hem de gida giivenligine hizmet
etmektedir. Kentsel tarim alanlar1 iyi uygulama 6rneklerinde kent i¢inde ve yakin ¢evresinde planlt alanlara
olarak yerlestirilmistir. Bu alanlarda bakim ve sulama konusunda farkli yenilik¢i metotlar kullanilmaktadir.
Bu c¢alismanin amaci; kentsel tarim konusunda literatiirden ve uygulama orneklerinden hareket edilerek
kentsel tarim alanlarinda su temini ve sulama yontemlerinde yenilik¢i yaklasimlarin degerlendirilmesi, bu
yaklasimlarin gruplandirilmast ve Tirkiye’de farkli bolgelerde olusturulacak kentsel tarim alanlari igin
Oneriler gelistirilmesidir.

Anahtar kelimeler: Gida giivenligi, iklim degisikligi, kentsel tarim, sulama
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ABSTRACT

Nowadays, there is growing interest in precision farming 1lorthwestern with the aim of increasing
agricultural productivity and reducing chemical use. Especially in rice production, weeds both reduce yield
and lead to costly pesticide applications. In this context, multispectral cameras integrated with unmanned
aerial vehicles (UAV) offer an effective solution for detecting plant health and weed presence over large areas.
In this study, a multispectral camera with five different spectral bands—Blue (475 nm), Green (560 nm), Red
(668 nm), Red Edge (717 nm), and Infrared (842 nm)—was used for applications with unmanned aerial
vehicles. Two different deep learning models (U-Net and DUCK-Net) were used with multispectral raw
images collected from rice fields for weed detection. Images were taken 20 days after the average planting
date of the rice plant. The image data was collected from areas with different irrigation conditions, and both
models were evaluated in terms of pixel-based and object-based detection performance. Among the weeds,
barnyard grass species (Echinochloa spp.) were detected with the highest accuracy in the 5th band (red edge).
The findings indicate that the integration of UAV-based imaging and deep learning can make significant
contributions to selective spraying and sustainable production goals in rice farming.

Keywords: Rice, deep learning, uav, multispectral camera

Note: This project (1230500) is supported by TUBITAK.
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OZET

Giiniimiizde tarimsal iiretimde verimliligi artirmak ve kimyasal kullanimim azaltmak amaciyla hassas tarim
teknolojilerine olan ilgi artmaktadir. Ozellikle geltik iiretiminde, yabanc1 otlar hem verimi diisiirmekte hem
de yiiksek maliyetli ilaglamalara neden olmaktadir. Bu baglamda, insansiz hava araglar1 (IHA) ile entegre
edilen multispektral kameralar, genis alanlarda bitki sagligini ve yabanci ot varligini tespit etmede etkili bir
¢Oziim sunmaktadir. Bu calismada, insansiz hava araci ile yapilacak uygulamalar amaciyla gelistirilmis olan
ve Blue (475 nm), Yesil (560 nm), Kirmiz1 (668 nm), Kirmizi Kenar (717 nm), Kizil6tesi (842 nm) olmak
iizere 5 farkli spektral banda sahip bir multispektral kamera kullanilmistir. Calismada celtik tarlalarinda
yabanci ot tespiti amaciyla toplanan multispektral ham goriintiiler kullanilarak iki farkli derin 6grenme
modeli (U-Net ve DUCK-Net) kullanilmistir. Celtik bitkisinin ortalama ekimden sonraki 20. Giin itibariyle
goriintiiler alinmigtir. Goriintii verileri, farkli sulama kosullarina sahip alanlardan toplanmais, her iki model de
piksel tabanli ve obje tabanli tespit performansi agisindan degerlendirilmistir. Yabanci otlardan darican tiirleri
(Echinochloa spp.) 5. Bantta (Kirmizi kenar) en yiiksek dogrulukta tespit edilmistir. Elde edilen bulgular,
IHA tabanli goriintiileme ve derin 6grenme entegrasyonunun celtik tarminda selektif ilaglama ve
siirdiiriilebilir tiretim hedeflerine 6nemli katkilar sunabilecegini gdstermektedir.

Anahtar kelimeler: Celtik, derin 6grenme, iha, multispektral kamera

Not: Bu proje (1230500) TUBITAK tarafindan desteklenmistir.
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ABSTRACT

Soil salinity is a widespread environmental problem that arises from 13orthweste human processes,
particularly in arid and semi-arid climate regions, and negatively affects plant growth, agricultural
productivity, and ecosystem balance. Salinity limits plants’ ability to absorb water and nutrients in agricultural
areas, leading to reduced crop yield and quality. Additionally, salinity issues degrade soil quality, posing a
significant threat to sustainable agricultural production and food security. Therefore, the accurate, rapid, and
large-scale identification of salinity issues is critical for developing effective management strategies.
Traditional methods such as field observations and laboratory analyses, while highly accurate, are limited in
terms of time, cost, and labour. In contrast, remote sensing 13orthwestern offer an effective alternative for
monitoring soil salinity by providing data that covers large areas, is repeatable, and low-cost. Additionally,
machine learning and deep learning-based classification algorithms supported by image processing
techniques enhance accuracy and efficiency in mapping processes. Within the scope of this study, the
approaches, data sources, spectral indices, classification methods, and evaluation criteria used in the
13orthweste to determine soil salinity through remote sensing were evaluated, and the basic stages of remote
sensing-based salinity monitoring were addressed within a conceptual framework.

Keywords: Soil salinity, remote sensing, spectral indices, artificial intelligence

13


mailto:%20torune@ankara.edu.tr

ICASI 2025
3. ULUSLARARASI & 16. ULUSAL TARIMSAL YAPILAR VE SULAMA KONGRESI
24-27 HAZIRAN 2025

TOPRAK TUZLULUGUNUN UZAKTAN ALGILAMA iLE iZLENMESIi: SPEKTRAL
INDEKSLER, VERi KAYNAKLARI VE YAPAY ZEKA UYGULAMALARI

Aras. Gor. Elifnaz TORUN!
Ankara Universitesi, Ziraat Fakiiltesi, Tarimsal Yapilar ve Sulama Boliimii, Ankara, Tiirkiye
ORCID: 0000-0003-1712-3819

torune@ankara.edu.tr

Prof. Dr. Giiliizar Duygu SEMiZ?
Ankara Universitesi, Ziraat Fakiiltesi, Tarimsal Yapilar ve Sulama Boliimii, Ankara, Tiirkiye
ORCID: 0000-0003-2070-0496

OZET

Toprak tuzlulugu, 6zellikle kurak ve yar1 kurak iklim bolgelerinde dogal ya da beseri siireglerle ortaya ¢ikan
ve bitki gelisimini, tarimsal verimliligi ve ekosistem dengesini olumsuz etkileyen yaygin bir ¢evresel
sorundur. Tuzluluk, tarim yapilan alanlarda bitkilerin su ve besin maddesi alimini sinirlandirarak bitki verim
ve kalitesinin bozulmasina yol agmaktadir. Ayn1 zamanda tuzluluk problemleri toprak kalitesini bozarak
siirdiiriilebilir tarimsal iiretim ve gida giivenligi agisindan da 6nemli bir tehdit olusturmaktadir. Bu nedenle,
tuzluluk sorununun dogru, hizli ve genis olgekte belirlenmesi, etkili yonetim stratejilerinin gelistirilmesi
acisindan kritik 6neme sahiptir. Geleneksel yontemlerle yapilan arazi gézlemleri ve laboratuvar analizleri,
dogrulugu yiiksek olmakla birlikte zaman, maliyet ve is giicii agisindan sinirlayicidir. Buna karsin, uzaktan
algilama teknolojileri genis alanlar1 kapsayabilen, tekrarlanabilir ve diisiik maliyetli veri saglayarak toprak
tuzlulugunun izlenmesinde etkin bir alternatif sunmaktadir. Ayrica, goriintii isleme teknikleriyle desteklenen
makine 0grenmesi ve derin 6grenme tabanli siniflandirma algoritmalari, haritalama siireclerinde dogruluk ve
verimliligi artirmaktadir. Bu c¢aligma kapsaminda, literatiirde uzaktan algilama ile toprak tuzlulugunun
belirlenmesine yonelik kullanilan yaklagimlar, veri kaynaklari, spektral indeksler, siniflandirma yontemleri
ve degerlendirme oSlgiitleri degerlendirilmis ve tuzlulugun uzaktan algilama temelli izlenmesine iliskin temel
asamalar kavramsal bir ¢ergevede ele alinmuistir.

Anahtar Kelimeler: Toprak tuzlulugu, uzaktan algilama, spektral indeksler, yapay zeka
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ABSTRACT

With the widespread use of Unmanned Aerial Vehicles (UAVs), the application of remote sensing methods
in precision agriculture has significantly expanded. The development and miniaturization of multispectral
and thermal cameras compatible with UAVs have further accelerated this trend. UAV technology offers high
spatial and temporal resolution, making it particularly advantageous for agricultural practices that require
detailed monitoring. In this study, high-resolution multispectral images were captured using a UAV to
150rthwe water stress in maize under different irrigation treatments. These treatments included full irrigation
(soil moisture in a 60 cm profile to field capacity on a weekly basis), and deficit irrigation at 75%, 50%, and
25% of the full irrigation amount, along with a rainfed control. The experiment was conducted at the Alata
Horticultural Research Institute, Tarsus Soil and Water Resources Location. Various vegetation indices related
to crop water stress (NDVI, TCARI/OSAVI, PRI, GNDVI, SAVI) were derived from the UAV imagery. To
validate the UAV data, ground-truth measurements were collected simultaneously at georeferenced locations
using GPS. Significant correlations were found between UAV-derived vegetation indices (especially NDVI
and GNDVI) and ground measurements such as leaf water potential, leaf area index, and plant height. The
results demonstrated that UAV-mounted multispectral cameras can effectively detect water stress in maize.
However, further research is recommended to integrate vegetation indices with climatic and soil data through
modeling to support irrigation scheduling and water management decisions.

Keywords: Crop water stress, UAV, NDVI, leaf water potential, leaf area index
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OZET

Ozellikle IHA (Insansiz Hava Araglari) sistemlerinin yaygin olarak kullanilmasi ile birlikte hassas tarimda
uzaktan algilama yontemlerinin kullanimi yayginlasmaktadir. IHA teknolojilerine takilabilen multispektral
ve termal kameralarin hafiflemesi ve gelismesi ile ivme kazanmistir. Bu calismada (IHA) iizerine yerlestirilen
multispektral yiiksek mekansal ve zamansal ¢oziiniirliige sahip goriintiiler alinarak farkli su diizeylerinin
(Tam sulama: TS 60 cm’lik toprak profilindeki eksik neminin tarla kapasitesine getirildigi konu; tam sulama
konusuna uygulanan suyun %75; 50 ve 25’inin uygulandigi konular ve sulanmayan tanik konu (RF)) misir
bitkisi iizerinde olusturdugu su stresinin belirlenmesi ve izlenmesi amaglanmistir. Elde edilen goriintiiler
kullanilarak bitki su stresi ile ilgili farkli vejetasyon (NDVI, GNDVI) indeksler olusturulmustur. IHA aracilig
ile toplanan verilerin dogrulugunun kontrolii ve kullanilabilirliginin saglanmasi amaciyla goriintii alinan
noktalar GPS ile belirlenerek es zamanl olarak yiiksek hassasiyetli yersel verilerle karsilastirma yapilmistir.
Misir bitkisinde yaprak su potansiyeli, yaprak alan indeksi ve bitki boyu gibi yersel dlgiimler ile IHA
kullanilarak elde edilen goriintiiler kullanilarak hesaplanan NDVI ve GNDVI arasinda 6nemli iligkiler elde
edilmistir. Bu durum IHA iizerine yerlestirilen multispektral kamera kullamlarak hassas bir sekilde su
stresinin belirlenebileceginiz gdstermektedir. Ancak sulama programinda; sulama suyu miktar1 ve zamaninin
belirlenmesinde vejetasyon indekslerin, iklim ve toprak verileri ile modellemeleri yapilarak kullanilmasina
yonelik ¢alismalarin yapilmasi 6nerilmektedir.

Anahtar kelimeler: Bitki su stresi, IHA, NDVI, yaprak su potansiyeli, yaprak alan indeksi

16


https://orcid.org/0000-0002-0471-9376
mailto:engin.gonen@tarimorman.gov.tr

ICASI 2025
3. ULUSLARARASI & 16. ULUSAL TARIMSAL YAPILAR VE SULAMA KONGRESI
24-27 HAZIRAN 2025

AN INTEGRATED APPROACH TO SOIL SALINITY MONITORING: REMOTE SENSING
DATA AND MACHINE LEARNING ALGORITHMS

Lecturer Ihsan GOLGUL!
Bakircay University,
Ecological University Coordination, Izmir, Tiirkiye
ORCID: 0000-0002-2813-5885

Prof. Dr. Serafettin ASIK?
Ege University, Faculty of Agriculture,
Department of Farm Structures and Irrigation, izmir, Tiirkiye
ORCID: 0000-0002-5888-8829

Dr. Umut SUZAN?

Ege University, Faculty of Agriculture,
Department of Farm Structures and Irrigation, Izmir, Tiirkiye
ORCID: 0000-0003-1590-6000
umut.suzan@ege.edu.tr

Dog. Dr. Ersel YILMAZ*
Aydin Adnan Menderes University,Faculty of Agriculture,
Department of Biosystems Engineering, Aydin, Tiirkiye
ORCID: 0000-0002-4148-7789

ABSTRACT

The integration of remote sensing (RS) and machine learning (ML) techniques has become a significant
research area in monitoring and mapping soil salinity. Radar and optical satellite data such as Sentinel-1/2,
Landsat, and MODIS are effectively used to determine the spatial distribution of salinity. The condition of
vegetation, particularly through vegetation indices like the Normalized Difference Vegetation Index (NDVI),
is considered an important indirect indicator of salt stress. Among ML algorithms, Random Forest (RF) and
Support Vector Machines (SVM) stand out for their high accuracy, while deep learning-based approaches
(e.g., Convolutional Neural Networks — CNN) and hybrid models (e.g., RF-TCN) demonstrate superior
performance in temporal and multi-layer analyses. Studies conducted in arid and semi-arid regions have
confirmed the effectiveness of RS-based methods in detecting surface salinity; the use of Sentinel-1 data with
SVM in the Mekong Delta is a successful example. However, challenges such as soil heterogeneity, spatial-
scale differences, and the integration of multi-sensor data remain areas that need improvement. RS and ML
approaches supported by laboratory analyses provide critical data for sustainable agricultural practices and
effective land management. In the future, integrating physically based models with ML and developing long-
term monitoring systems should be key focuses of research in this field. These technological approaches offer
significant advantages in terms of cost and time, especially in salinity management.

Keywords: Deep learning, machine learning, soil salinity, remote sensing
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OZET

Uzaktan algilama (UA) ve makine 6grenimi (ML) tekniklerinin entegrasyonu, toprak tuzlulugunun izlenmesi
ve haritalanmasinda 6nemli aragtirma alani haline gelmistir. Sentinel-1/2, Landsat ve MODIS gibi radar ve
optik uydu verileri, tuzlulugun mekénsal dagiliminin belirlenmesinde etkili bir sekilde kullanilmaktadir. Bitki
ortiisiiniin durumu, 6zellikle Normalize Edilmis Bitki Fark indeksi (NDVI) gibi vejetasyon indeksleri
araciligiyla, tuz stresinin onemli dolayli gostergeleri olarak degerlendirilmektedir. Makine &6grenimi
algoritmalarindan Rassal Orman (RF) ve Destek Vektor Makineleri (SVM), yiiksek dogruluk oranlari ile 6ne
cikarken; derin 6grenme tabanli yaklasimlar (6rnegin Konvoliisyonel Sinir Aglart — CNN) ve hibrit modeller
(6rnegin RF-TCN), zamansal ve ¢ok katmanli analizlerde iistiin performans sergilemektedir. . Kurak ve yari
kurak bolgelerde yapilan caligmalar, UA tabanli yontemlerin yiizey tuzlulugunu tespitte etkinligini
kanitlamistir; Mekong Deltasi’nda Sentinel-1 verisi ile SVM kullanim1 basarili bir 6rnektir. Bununla birlikte,
toprak heterojenligi, mekansal-6l¢ek farkliliklar1 ve ¢oklu sensdr verilerinin entegrasyonunda karsilasilan
zorluklar, bu yontemlerin gelistirilmesi gereken yodnlerini olusturmaktadir. Laboratuvar analizleriyle
desteklenen UA ve ML yaklasimlari, siirdiiriilebilir tarim uygulamalar1 ve etkin arazi yonetimi acisindan
kritik veri saglamaktadir. Gelecekte, fiziksel tabanli modellemelerin ML ile biitlinlestirilmesi ve uzun vadeli
izleme sistemlerinin gelistirilmesi, bu alandaki aragtirmalarin odak noktasi olmalidir. Bu tiir teknolojik
yaklagimlar, 6zellikle tuzluluk yonetiminde maliyet ve zaman agisindan dnemli avantajlar sunmaktadir.

Anahtar Kelimeler: Derin 6grenme, makine 6grenimi, toprak tuzlulugu, uzaktan algilama
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ABSTRACT

In the project carried out under Sanlurfa-Tektek conditions in 2005-2020, 5 different mulch materials were
used for Pistachio plants grown in Negarim-type microcatchments. 1- Control, 2- Stone Cover, 3- straw
mulch, 4- Compression, 5- Plastic cover. The trial method; coincidence blocks are in the trial pattern and have
three iterations. The “Uzun” variety was used as the pistachio variety in the research. Increases have been
observed on the pistachio yield of mulch applications with the Negarim type microavza method according to
the issue of control. The average yield of the control parcels was 1.73 kg tree™!, while the stone cover was
1.83 kg tree!, 2.24 kg tree™! for the compressed surface, pistachio yield 19orthwe sap-straw cover application
was 2.11 kg tree”! and pistachio yield 19orthwe plastic cover as a mulch material was 6.86 kg tree!. When
the yield averages are taken into consideration, plastic cover caused 397%, stone cover caused 6%,
compressed surface caused 30% and sap-straw cover caused 22% yield increases. In the development of
trees,. In terms of moisture accumulation and conservation, water harvesting application issues are ahead of
the control issue. The most moisture accumulation has been on the subject of plastic covers. In the economic
analysis, water harvesting issues brought more income than control issues. 3.46 Times more profit was made
from the plastic cover issue compared to the control. In the light of the results obtained from this study, it is
recommended to use plastic cover as a covering material together with water harvesting techniques in fruit
growing to be carried out in sloping areas in Sanliurfa and similar regions.

Keywords: Pistachio, mulch, water harvesting, Sanliurfa
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OZET

2005-2020 yillarinda Sanlurfa-Tektek kosullarinda yiiriitilen projede Negarim tipi mikrohavzalarda
yetistirilen Antepfistig1 bitkisi icin 5 farkli mal¢ malzemesi kullanilmstir. 1- Kontrol, 2- Tas Ortii, 3- Sap-
saman Ortiisil, 4- Sikistirilmis yiizey, 5- Plastik 6rtii. Deneme metodu; tesadiif bloklar1 deneme deseninde ve
¢ yinelemelidir. Arastirmada Antepfistigi ¢esidi olarak “Uzun” ¢esidi kullanilmigtir. Negarim tipi
mikrohavza yontemi ile mal¢ uygulamalarinin antepfistig1 verimi iizerinde kontrol konusuna gore artiglar
ortaya ¢ikmustir. Kontrol parsellerinin ortalama verimi 1,73 kg agag¢™ iken, tas orti 1,83 kg agag™,
sikistirilmig yiizey konusunda 2,24 kg aga¢™!, sap-saman ortii uygulamasinda ise antepfistidi verimi 2,11 kg
agag™' ve malg malzemesi olarak plastik ortii konusunda antepfistigi verimi 6,86 kg aga¢™ olmustur. Verim
ortalamalar1 dikkate alindiginda plastik ortii %397, tas ortii %6, sikistirilmis yiizey %30 ve sap-saman Ortii
ise %22 verim artiglarina neden olmustur. Aga¢ gelisimlerinde nem birikimi ve korunumu yoniinden ise su
hasadi uygulama konular1 kontrol konusundan ondedir. En fazla nem birikimi plastik ortii konusunda
olmustur. Ekonomik analizde su hasadi konular1 kontrol konusundan daha fazla gelir getirmistir. Plastik ortii
konusundan kontrole gore 3.46 kat fazla kar elde edilmistir. Yapilan bu calismadan elde edilen sonuglar
1s18inda Sanliurfa ve benzer 6zellik gosteren yorelerde egimli alanlarda yapilacak meyvecilikte su hasadi
teknikleriyle birlikte ortii materyali olarak plastik oOrtiintin kullanilmas1 6nerilmektedir.

Anahtar Kelimeler: Antepfistigi, malg, su hasadi, Sanhurfa
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ABSTRACT

The project was carried out in an irrigable area totaling 156,000 decares located in the neighborhoods of
Ayakli, Biiyiilkmutlu, Biiyiikbardake¢l, Gomiild, Gilirpinar, Kemberli, Matla, Sozeri, Yagizlar, Yazgiinesi,
Yesilalig, Yildiz, Elgiin, Kinalitepe, Giizlek, German, Toklu, Bozca, Dedekdy, and Tekneli in Viransehir
District. Within this area, irrigation has been introduced through modern irrigation techniques (sprinkler and
drip irrigation systems) with the aim of enabling the local farming community to produce high-value crops
and to obtain two cropping cycles within a year. Within the scope of the project, in areas where irrigation has
been implemented or planned, producers were informed about irrigation practices using modern irrigation
systems through both training activities and the establishment of demonstration fields. Through these
activities, visual and practical information was provided to farmers in order to promote efficient water use
and to prevent excessive irrigation. In the field crops cultivated in the region, numerous studies have been
conducted by the research institute and the university, and the crop water requirements and appropriate
fertilizer application levels have been determined. However, it has been observed that producers often apply
irrigation water in excess of crop water requirements, and the irrigation methods commonly used lead to
overconsumption of water. In recent years, water resources have been decreasing due to climate change.
Therefore, within the framework of this project, modern irrigation methods aimed at improving water-use
efficiency were promoted among producers. Demonstration activities were conducted in 10-decare plots with
the participation of 30 farmers, and smart irrigation and fertigation systems were introduced. Through these
practices and training activities, it was aimed to encourage producers to adopt water-saving irrigation
practices and sustainable cultivation methods.

Keywords: Drip irrigation, fertigation, Viransehir, Sanhurfa
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OZET

Proje, Viransehir Ilgesine bagl olan, Ayakh, Biiyiikmutlu, Biiyiikbardak¢1, Gémiilii, Giirpinar, Kemberli,
Matla, Sozeri, Yagizlar, Yazgiinesi, Yesilalig, Yagizlar, Yildiz, Elgiin, Kinalitepe, Giizlek, German, Toklu,
Bozca, Dedekdy, Tekneli mahallelerine ait sulanabilir toplam 156 bin dekar arazi modern tekniklerle
(Yagmurlama-damlama) sulamaya agilmig sahada, bolge halkinin ekonomik degeri yiiksek iriinler
iiretmesini, yil i¢inde iki iirlin almasin1 saglamak amaciyla yiiriitiilmiistiir. Bu proje kapsaminda sulamaya
acilmis ve agilacak alanlarda yetistiriciligi yapilan iriinlerde iireticilerimize modern sulama sistemleriyle
sulama konusunda gerek egitim gerekse uygulamali alanlar olusturarak gorsel olarak ciftcilerimizi
bilgilendirerek asir1 sulama ve suyun etkin kullanilmasi hedeflenmistir. Bolgede yetistiriciligi yapilan tarla
bitkilerinde enstitiimiiz ve tiniversite tarafindan bir¢ok arastirma yiiriitiilmiis bitkilerin su ihtiyaci ve ne kadar
giibre uygulanacag: tespit edilmistir. Ureticilerimiz sulama suyu uygulamalarinda bitkinin ihtiyacinin
iizerinde fazla su tiiketmekte uyguladiklar1 sulama yontemleri asir1 su kullanimima neden olmaktadir. Son
yillarda iklim degisikligi nedeniyle su kaynaklarmiz gittikce azalmakta bu proje kapsaminda su
kaynaklarimizin daha tasarruflu kullanimma yo6nelik modern sulama yontemlerini (Demonstrasyon
faaliyetleri; 10 da x 30 ¢iftei, Akilli sulama ve fertigasyon sistemi alinmigtir.) iireticilerimize benimseterek
yetistiricilik yapmalari saglanmistir. Ayrica bu kapsamda egitim verilmistir.

Anahtar Kelimeler: Damla sulama, fertigasyon, Viransehir, Sanlurfa
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ABSTRACT

Climate change, population growth, and increasing water demand are intensifying pressure on Turkey’s water
resources. While the effective and sustainable management of these resources has become a necessity, the
efficient use of water in agriculture is a top priority for sustainable development and food security. The
management of water resources—which are vital for agriculture, domestic use, energy, and the
environment—requires a holistic, effective, and data-driven approach and constitutes one of the fundamental
elements of future planning. In Turkey, high-level policies related to water and irrigation management are
established through development plans, medium- and long-term programs, councils, national strategies, and
action plans. These frameworks not only guide the future but also form the basis for upcoming studies,
strategies, and policies by evaluating both past and present experiences. R&D and innovation activities are
critical for generating sustainable solutions to mitigate the pressure on water resources caused by population
growth, industrial demands, and climate change. Increasing drought due to changing climatic conditions is
negatively affecting water resources, agriculture, and consequently, food access. Therefore, all kinds of
research and development activities aimed at increasing water use efficiency in agriculture will play a
significant role in shaping the country’s agricultural irrigation policies. This paper will examine the R&D
activities related to agricultural irrigation within the scope of the 4™ Agriculture and Forestry Council,
highlighting both the progress made to date and evaluations concerning future plans.

Keywords: Agricultural water efficiency, R&D, shura, agricultural irrigation policies
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OZET

Iklim degisikligi, niifus artis1 ve artan su talebi, Tiirkiye’nin su kaynaklar1 {izerindeki baskisini artirmaktadr.
Su kaynaklarinin etkin ve siirdiiriilebilir yonetimi bir zorunluluk haline gelirken, tarimda suyun etkin ve
verimli kullanimi, siirdiiriilebilir kalkinma ve gida giivenligi i¢cin Oncelik arz etmektedir. Tarim, i¢gme-
kullanma enerji ve ¢evre gibi bir¢ok alanda hayati neme sahip olan su kaynaklarinin, biitiinciil etkin ve veri
temelli yaklasimla ydnetilmesi gelecege yonelik planlamalarin temel unsurlari arasindadir. Ulkemizde su ve
sulama yOnetiminde {ist politikalar, kalkinma planlarinda, orta uzun vadeli programlarda, stira’larda, ulusal
strateji ve planlarda belirlenmektedir. Bu planlamalar gelecege 151k tutarken, ayni zamanda diinii ve bugiinii
de gbzden gecirerek ileriye doniik yapilacak caligmalar, strateji, politika ve eylem planlarina dayanak
olusturmaktadir. AR-GE yenilik faaliyetleri artan niifus, sanayi talepleri ve iklim degisikligi nedeniyle su
kaynaklari lizerindeki baskiy1 azaltacak siirdiiriilebilir ¢éziimler iiretmek icin kritik 6neme sahiptir. Degigsen
iklim kosullartyla artan kuraklik, su kaynaklarini etkileyerek tarimi dolayisiyla da gidaya ulagimi olumsuz
etkilemektedir. Bu sebeple tarimda su kullanim etkinliginin artirllmasinda yapilacak her tiirlii arastirma
gelistirme faaliyetleri iilkenin tarimsal sulama politikalarma yon verecektir. Bu bildiride I'V. Tarim Orman
Stras1 kapsaminda tarimsal sulamada AR-GE c¢aligmalar1 ele alinarak bugiine kadar katedilen yol ve
gelecekte yapilmasi planlanan siirece iligkin degerlendirmeler tartisilacaktir.

Anahtar Kelimeler: Tarimsal su verimliligi, AR-GE, siira, tarimsal sulama politikalar
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ABSTRACT

Global climate change, population growth, and the depletion of freshwater resources pose significant threats
to agricultural production, particularly in arid regions, making interdisciplinary strategies essential for
sustainable solutions. Resource-efficiency approaches such as virtual water trade, integrated watershed
management, atmospheric water utilization, and rainwater harvesting help balance the geographical
distribution of water stress. At the same time, smart irrigation 25orthwestern—including loT-based systems
and soil moisture sensors—and the cultivation of drought-resistant crop varieties help prevent yield losses.
For instance, Israel sets a global example by reusing 85% of its treated wastewater in agriculture, while
women-led water cooperatives in India enhance community participation. At the policy level, promoting
water footprint management and the adoption of digital agriculture tools (e.g., drone-based soil analysis and
satellite-based drought monitoring systems) should be supported by farmer training (particularly on climate-
smart agricultural practices at the local level) and government subsidies. Additionally, ecosystem-based
approaches such as agroecology (e.g., mulching, conservation agriculture, organic fertilization) and
permaculture improve soil water retention capacity and enhance long-term resilience. Success in combating
water scarcity depends on the synergy between technology, policy, and society, as well as the alignment of
local 250rthwes with global frameworks. Concrete examples—such as solar-powered irrigation systems in
Morocco and water trading markets in Australia—demonstrate that sustainable agriculture is indeed
achievable. Policymakers must integrate data-driven strategies with local realities and foster civic
engagement to ensure long-term sustainability.

Keywords: Climate crisis, drought, water efficiency, irrigation strategies
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OZET

Kiiresel iklim degisikligi, niifus artis1 ve tath su kaynaklarinin azalmasi, 6zellikle kurak bolgelerde tarimsal
iiretimi tehdit ederken, siirdiiriilebilir ¢6ziimler i¢in disiplinlerarasi stratejiler kritik onem tagimaktadir. Sanal
su ticareti, entegre havza yonetimi, atmosferik su kullanimi1 ve yagmur suyu hasadi gibi kaynak verimliligi
odakli yaklagimlar, su stresinin cografi dagilimini dengelerken, IoT tabanli sulama ve toprak nem sensorleri
gibi akilli sulama teknolojileri ve kurakliga dayanikli bitki tiirleri iiretimde kayiplar1 dnlemektedir. Ornegin
Israil, artilmis atik sularm %85’ini tarimda kullanarak diinyaya model olurken, Hindistan’da kadin
liderligindeki su kooperatifleri toplumsal katilimi artirmaktadir. Politik diizeyde, su ayak izi yonetimi ve
dijital tarim uygulamalariin yayginlasmasi (drone ile toprak analizi ve uydu tabanli kuraklik izleme
sistemleri), cift¢ci egitimi (iklim dostu tarim teknikleri konusunda yerel diizeyde -egitimler) ve
siibvansiyonlarla desteklenmelidir. Ayrica, agroekoloji (malglama, koruyucu tarim, organik giibreleme vb.)
ve permakiiltiir gibi ekosistem tabanli yontemler, topragin su tutma kapasitesini iyilestirerek uzun vadeli
direng saglar. Su kithgma kars1 basari, teknoloji-politika-toplum is birligine ve yerel dinamiklerin kiiresel
0lcekte uyumuna baglhidir. Fas’ta giines enerjili sulama sistemleri veya Avustralya’daki su borsalari gibi somut
ornekler, siirdiiriilebilir tarimim miimkiin oldugunu kamitlamaktadir. Karar vericilerin, veriye dayali
politikalar1 yerel dinamiklerle harmanlamasi ve sivil toplumun katilimini tesvik etmesi, siirdiiriilebilirligin
anahtar1 olacaktir.

Anahtar Kelimeler: iklim krizi, kuraklik, su verimliligi, sulama stratejileri
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ABSTRACT

The water footprint approach is a comprehensive indicator that measures the amount of water consumed
directly and indirectly in the production process of a product or service. In this context, virtual water refers
to the transfer of total water used in production processes to other countries indirectly through the
international circulation of goods. A comprehensive analysis of virtual water transfers is critical to
understanding the level of external dependency and water risks in countries’ water management strategies.
This study presents a virtual water analysis based on Turkey’s foreign trade data 27orthwe period 2015-2024
and reveals the basic trends in the country’s global water footprint balance. Based on agricultural products
with high import and export volumes, the virtual water content of traded goods was calculated and evaluated
by considering blue and green water components. The findings show that Turkey imports food products with
particularly high water footprints. Turkey’s annual wheat imports of 7.5 million tons, based on the average
over the last ten years, correspond to approximately 9.7 billion m?® of virtual water. Approximately 75% of
this water originates from Russia, which is the country that transfers the most virtual water to Turkey. On the
other hand, cotton stands out in exports; the average annual cotton export of 142,000 tons corresponds to a
virtual water transfer of 707 million m®. The results show that Turkey is a net importer of virtual water on a
global scale and that this situation offers an important strategic advantage that supports sustainability in
agricultural production by reducing pressure on domestic water resources. Meeting water-intensive
production processes through external sources contributes to the conservation of Turkey’s limited water
resources, enabling a more balanced approach to resource management between environmental sustainability,
food security, and trade policies. In this context, integrating the concepts of water footprint and virtual water
into decision-making processes is critical for effective and comprehensive water management.

Keywords: Foreign trade, virtual water, Turkey, water footprint
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OZET

Su ayak izi yaklasimi, bir iiriiniin veya hizmetin iiretim siirecinde dogrudan ve dolayl olarak tiiketilen su
miktarii 6l¢en kapsamli bir gostergedir. Bu ¢ergevede sanal su, iiretim siireglerinde kullanilan toplam suyun,
mallarin uluslararas1 dolagimiyla dolayli bigimde bagka iilkelere transfer edilmesini ifade eder. Sanal su
transferlerinin kapsamli bir sekilde analiz edilmesi, iilkelerin su yoOnetimi stratejilerinde disa bagimlilik
diizeylerini ve su risklerini anlamak agisindan kritik 6neme sahiptir. Bu ¢aligma, Tiirkiye’nin 2015-2024
donemine ait dis ticaret verileri lizerinden yiiriitiilmiis bir sanal su analizini sunmakta ve iilkenin kiiresel
olcekteki su ayak izi dengesine iliskin temel egilimleri ortaya koymaktadir. ithalat ve ihracat hacmi yiiksek
olan tarimsal {iriinler temel alinarak, ticarete konu olan mallarin sanal su icerikleri hesaplanmis; mavi ve yesil
su bilesenleri dikkate alinarak degerlendirme yapilmistir. Elde edilen bulgular, Tiirkiye’nin 6zellikle yiiksek
su ayak izine sahip gida iirlinlerini ithal ettigi gostermektedir. Tiirkiye nin son on yillik ortalamaya gore yillik
7,5 milyon tonluk bugday ithalati, yaklasik 9,7 milyar m* sanal suya karsilik gelmektedir. Bu suyun yaklasik
%75’i Rusya kaynakli olup, Tiirkiye’ye en fazla sanal su transferi bu iilke iizerinden gerceklesmektedir. Ote
yandan, ihracatta pamuk One ¢ikmakta; yilda ortalama 142 bin tonluk pamuk ihracati, 707 milyon m?3
diizeyinde sanal su transferine karsilik gelmektedir. Sonuglar, Tiirkiye’nin kiiresel dlgekte net bir sanal su
ithalat¢ist oldugunu ve bu durumun, iilke i¢i su kaynaklari tizerindeki baskiy1 azaltarak tarimsal {iretimde
sirdiriilebilirligi destekleyen onemli bir stratejik avantaj sundugunu goéstermektedir. Su agisindan yogun
iiretim siireglerinin dis kaynaklardan karsilanmasi, Tiirkiye’nin sinirlt su kaynaklarmi korumasina katki
saglamakta; boylece cevresel siirdiiriilebilirlik, gida giivenligi ve ticaret politikalar1 arasinda daha dengeli bir
kaynak yonetimi yaklagimi miimkiin hale gelmektedir. Bu baglamda, su ayak izi ve sanal su kavramlarinin
karar alma siireglerine entegre edilmesi, etkin ve biitiinciil bir su yonetimi agisindan kritik dnemdedir.

Anahtar kelimeler: Dis ticaret, sanal su, Tiirkiye, su ayak izi
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ABSTRACT

In 2017, Tarsim implemented a new insurance type called District-Based Drought Yield Insurance for wheat
products grown in agricultural areas based on natural rainfall. Although it is only referred to as Drought
insurance in farmer language, this insurance type actually protects farmers against the risks of drought, frost,
hot wind, heat wave, excessive humidity and excessive rainfall. This insurance type, which was implemented
with a state support of 60% of the premium to be paid by farmers, has been met with interest by producers.
In the ongoing process, the product range in this insurance type has been increased. As of 2018, wheat, barley,
oats, rye, triticale products and the seeds of these products have been included in the scope. As of 2019, the
scope has been expanded by adding legume products such as chickpeas, red lentils and green lentils to the
previous scope. As of 2021, the Village-Based Drought Yield Insurance (VBDYI), which evaluates each
village in terms of yield, has been introduced. As of 2025, the system continues to develop by adding oil
sunflower products to the previous scope. Along with these developments, there are problems that have been
ongoing for 9 years. The most important of these is that the distinction between irrigated and dry agricultural
lands is still not made properly. VBDY], as its name suggests, is applied only to agricultural lands that depend
on natural rainfall (non-irrigated). Other insurance certificate types are provided for irrigated agricultural
lands. Currently, dry agricultural land information is obtained from the Farmer Registration System (FRS).
Since farmers do not show the necessary importance to the Farmer Registration System, fields that were
previously registered as dry agricultural lands are still seen as dry agricultural lands even if they have become
irrigated over time. This causes high yields in the fields where samples are cut and farmers cannot receive
payment. On the other hand, if the sample taken randomly was cut from fields that depend on natural rainfall
and a drought occurs, the owners of irrigated fields receive unfair payments. In this study, 3 methods are
suggested to TARSIM to identify irrigated lands. The first of these is that the digital maps of all irrigation
areas completed by the State Hydraulic Works (SHW) from the past to the present should be processed into
TARSIM’s geographical information system and the TARSIM system should be closed to the issuance of
drought insurance certificate for lands within the irrigation area. The second is that agricultural lands with
boreholes registered by DSI should be marked as islands/parcels and these lands should be closed to the
issuance of drought insurance certificate. The third is that areas suitable for receiving real or artificial (dam
lake) water should also be closed to the issuance of drought insurance certificate for fields within 200 meters
of the water’s edge. It is thought that it would be more accurate not to issue drought insurance certificate for
irrigated agricultural lands with such an application from the beginning. In case of a possible cancellation
after the issuance of a insurance certificate for irrigated agricultural lands, the farmer also feels deceived. In
order to prevent this situation, it is recommended to apply 3 methods together.

Keywords: DSI, drought yield insurance, mmsurance, TARSIM
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OZET

TARSIM 2017 yilinda dogal yagisa dayali tarim alanlarinda yetistirilen bugday iiriiniinde ilge Bazli Kuraklik
Verim Sigortasi isimli yeni bir sigorta tipi uygulamaya koymustur. Ciftci dilinde sadece Kuraklik sigortast
olarak bahsedilse bile aslinda bu sigorta tipi; kuraklik, don, sicak riizgar, sicak hava dalgasi, asir1 nem ve asir1
yagis risklerine kars1 ¢iftciyi koruma altina almaktadir. Ciftgilerin 6deyecegi prime %60 oranindaki Devlet
destegi ile uygulamaya konulan bu sigorta tipi iireticiler tarafindan ilgi ile karsilanmistir. Devam eden siirecte
bu sigorta tipinde {iriin yelpazesi artirilmistir. 2018 y1li itibari ile bugday, arpa, yulaf, ¢cavdar, tritikale {irtinleri
ve bu iiriinlerin tohumluklar kapsama alimmuistir. 2019 yili itibari ile 6nceki kapsama nohut, kirmizi mercimek
ve yesil mercimek gibi baklagil tirlinleri de ilave edilerek kapsam genisletilmistir. 2021 yil1 itibari ile her
koyli verim acisindan kendi icinde degerlendiren Koy Bazli Kuraklik Verim Sigortasina (KBKVS)
gecilmigtir. 2025 yili itibari ile dnceki kapsama yaglik aycicegi iiriinii de ilave edilerek sistem gelismesine
devam etmektedir. Bu gelismelerle birlikte 9 yildir siiregelen problemler bulunmaktadir. Bunlardan en
onemlisi sulu ve kuru tarim arazi ayrimimin halen diizgiin bir sekilde yapilamiyor olmasidir. KBKVS,
isminden de anlasilacagi lizere sadece dogal yagislara dayali (sulanmayan) tarim arazilerine uygulanmaktadir.
Sulu tarim arazilerine ise baska police tiplerinde hizmet verilmektedir. Su anda kuru tarim arazi bilgisi, Ciftci
Kayit Sisteminden (CKS) alinmaktadir. Ciftgiler; Cift¢i Kayit Sistemine gerekli nemi gdstermediklerinden
eskiden kuru tarim arazi olarak kaydedilen tarlalar, zamanla sulu hale gelmis olsa bile halen kuru tarim arazi
olarak goriilmektedir. Bu ise numune kesilen tarlalarda yiliksek verim ¢ikmasina ve g¢iftgilerin 6deme
alamamasina neden olmaktadir. Diger taraftan tesadiifi olarak alinan numune, dogal yagisa dayali tarlalardan
kesildi ve kuraklik ¢ikti ise bu seferde sulu tarla sahipleri haksiz 6deme almaktadirlar. Yapilan bu ¢aligmada
sulu arazileri tespit etmek i¢in TARSIM’e 3 adet yontem &nerilmektedir. Bunlardan ilki gegmisten giiniimiize
Devlet Su Isleri (DSI) tarafindan ingas1 tamamlanan tiim sulama sahasinin dijital paftalarinin TARSIM’in
cografi bilgi sistemine islenmelidir ve sulama sahasina giren arazilere kuraklik poligesi kesmeye TARSIM
sisteminin kapatilmasidir. Ikincisi ise DSI tarafindan kayit altma alinmis, sondaj kuyusu bulunan tarim
arazilerinin ada/parsel olarak isaretlenerek bu arazilerin kuraklik police kesmeye kapatilmasidir. Ugiinciisii
ise gercek ya da yapay (baraj golii) su almaya miisait alanlarin suyun kiyisindan 200 metre uzaklig1 i¢ine
giren tarlalara da kuraklik poligesi kesmeye kapatilmasidir. Bastan bu sekilde yapilan bir uygulama ile sulu
tarim arazisine polige kesmemek daha dogru bir yol oldugu diisiiniilmektedir. Sulu tarim arazisine, police
kesildikten sonra olast bir iptal durumunda cift¢i de kendini kandirilmis hissetmektedir. Bu durumun
olusmamast i¢in 3 adet yontemin birlikte uygulanmasi tavsiye edilmektedir.
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ABSTRACT

Global climate change is being observed worldwide, leading to rising air temperatures on Earth, a decrease
in precipitation, and frequent occurrences of abnormal conditions in various regions. Across the globe, cereal
crops are cultivated on an area of 340 million hectares, of which 17% consists of spring soft wheat varieties.
As is well known, sowing spring wheat in spring, particularly in the northern regions, helps prevent crop loss
due to winter frosts. In recent years, in major wheat-producing countries (Canada — 55%, USA —42%, Mexico
— 70%, European Union — 35%, Russia — 23%), the sharp increase in temperature before harvest from year
to year has resulted in an eightfold increase in spring wheat production. Additionally, the expansion of spring
wheat cultivation areas globally is driven by the high-quality indicators of spring wheat (protein — 16-24%,
gluten — 28-40%, and good baking properties) and the possibility of obtaining 2—3 harvests per year. In
Uzbekistan, more than 1,012,000 hectares of land were planted with cereals in 2024, with approximately
10,000 hectares allocated for spring soft wheat. This accounts for 1.2% of the total cereal production in the
Republic of Uzbekistan. During the heading and ripening period in the southern regions, high temperatures,
and in the northern regions, air temperatures dropping to -30°C without snow cover, necessitate the
development of drought-resistant and cold-tolerant varieties.

Keywords: Global climate change, grain, wheat varieties, temperature, hectare
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OZET

Diinya genelinde kiiresel iklim degisikligi gozlemlenmekte, yeryiiziinde hava sicakligimin artmasi, yagis
miktarinin azalmasi ve cesitli bolgelerde anormal durumlarin sik sik meydana gelmesine yol agmaktadir.
Diinya genelinde 340 milyon hektar alanda hububat {iriinleri yetistirilmektedir; bunlarin %17’sini ilkbahar
yumusak bugday c¢esitleri olusturmaktadir. Bilindigi lizere, ilkbahar bugdayinin ilkbaharda ekilmesi, 6zellikle
kuzey bolgelerimizde kis soguklarinda bitkilerin yok olmasinin Oniine gecilmesini saglamaktadir. Son
yillarda bugday tireten biiyiik iilkelerde (Kanada - %55, ABD - %42, Meksika - %70, Avrupa Birligi - %35,
Rusya - %23), hasattan 6nce sicakligin yildan yila keskin sekilde artmasi nedeniyle ilkbahar bugday1 liretimi
8 kat artmigtir. Ayrica, ilkbahar bugdayinin kalite gostergelerinin yiiksek olmasi (protein — %16-24, gluten —
%28-40, ekmek yapma 6zelligi) ve yilda 2-3 kez iiriin alinabilmesi sayesinde diinyada ilkbahar bugday1 ekim
alanlar1 artmaktadir. Ozbekistan’da 2024 yilinda 1 milyon 12 bin hektardan fazla alana hububat ekilmis olup,
bu alanlarin yaklasik 10 bin hektarma ilkbahar yumusak bugday: ekilmektedir. Bu gosterge, Ozbekistan
Cumhuriyeti’'nde toplam hububat {iiretiminin %1,2°sini olusturmaktadir. Giiney bdlgelerinde hububat
bagaklanma-olgunlagsma doéneminde yiiksek sicakliklar, kuzey bdlgelerinde ise kar Ortiisii olmaksizin hava
sicakliginin -30°C’ye kadar diismesi, kurakliga dayanikli ve soguga toleransh cesitlerin gelistirilmesini
gerektirmektedir. Kisin agir1 soguk ve kuru gegmesi, mayis ayimnin tiglincii on giinliigii ile haziran ayinda hava
sicakliginin 45-50 dereceye kadar ¢ikmasi, sonbaharda ekilen hububatin gelisimine ve verim gdstergelerine
olumsuz etkide bulunmaktadir. Bu durumu dikkate alarak, ilkbahar bugdayinda yogun tipte, verimli, abiyotik
(cevresel) faktorlere dayanikli, tane kalitesi yiiksek gesitlerin gelistirilmesi i¢in baslangic materyallerinin
bulunmasi ve bunlar iizerinde bilimsel arastirmalar yapilmasi 6nemli bir gérevdir.

Anahtar Kkelimeler: Kiiresel iklim degisikligi, tahil, bugday cesitleri, sicaklik, hektar
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ABSTRACT

This study was conducted in the Lewiston region of Utah, United States, to evaluate the effects of different
seasonal irrigation treatments on the yield of tall fescue. The experimental design consisted of five distinct
irrigation treatments and four replications, for a total of 20 plots. Soil moisture sensors were installed in every
two replications to monitor soil water content. The irrigation treatments included: (1) no irrigation (control),
(2) irrigation through May, (3) irrigation through June, (4) irrigation through July, and (5) full-season
irrigation (irrigation maintained until harvest). To monitor growth and estimate tall fescue yield, both
Unmanned Aerial Vehicles (UAV) and Sentinel-2 satellite imagery were utilized. UAV data were primarily
used for ground truthing and validation purposes, while Sentinel-2 imagery was employed for large-scale
yield estimation. Yield estimations were performed using the Normalized Difference Vegetation Index
(NDVI). The results showed that predictions made 21 days prior to harvest demonstrated high accuracy, with
an R? value of 0.93 and a root mean square error (RMSE) of 0.04 tons per acre. The high correlation between
UAV-based and Sentinel-2-based yield estimations validated the reliability of Sentinel-2 imagery for yield
prediction (R?>=0.90). Based on this estimation, plot-level yield maps were generated, providing a spatial
representation of yield variability across treatments. The findings revealed that full-season irrigation
significantly increased tall fescue yields compared to treatments with no irrigation, irrigation through May,
irrigation through June, or irrigation through July. Conversely, reduced irrigation levels led to notably lower
yields, highlighting the importance of sustained water availability for maximizing tall fescue productivity.
These findings underscore the potential of UAV-based monitoring and NDVI analysis as effective tools for
pre-harvest yield estimation and irrigation management in tall fescue growth.

Keywords: Irrigation management, remote sensing, UAYV, yield estimation

Note: This article was derived from the master s thesis completed at Utah State University in 2020.
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OZET

Bu c¢aligma farkli dénemsel su uygulamalarinin kamigsi yumak (Festuca arundinacea Schreb.) verimi
tizerindeki etkilerini degerlendirmek amaciyla Amerika Birlesik Devletleri’nde Utah Eyaletinde Lewiston
sehrinde yiiriitiilmiistiir. Deneme bes farkli su uygulamasi ve her bir uygulamanin dort tekerriirii olmak iizere
toplamda 20 adet parselden olugmaktadir. Toprak su igeriginin takibi i¢in her iki tekerriir parsellerinden
birisinde toprak nem sensdrleri bulunmaktadir. Su uygulamalari: hi¢ sulama yapilmayan (kontrol konusu),
mayis ayl boyunca, haziran ay1 boyunca, temmuz ay1 boyunca ve tam sezon sulama (hasada kadar)
seklindedir. Kamiss1 Yumak’m verimini ve gelisimini tahmin etmek i¢in hem insansiz hava arac1 (IHA) hem
de Sentinel-2 uydu goriintiileri kullanilmistir. IHA verileri temel olarak yersel dogrulama ve kalibrasyon
amaciyla kullanilmis olup Sentinel-2 verileri biiyiik 6lgekli verim tahminleri i¢in kullanilmistir. Yapilan
degerlendirmeye gore hasattan 21 giin 6nce yliksek dogrulukta verim tahminleri yapilmistir. Bu tahminlerde
R2 degeri 0.93 ve RMSE degeri 0.04 ton/akre olarak belirlenmistir. IHA gériintiileri ile Sentinel-2 verileri
arasinda yiiksek diizeyde korelasyon (R? = 0.90) bulunmasi sebebiyle Sentinel-2 goriintiilerinden elde edilen
veriler ile gegmis yillara ait verim tahminleri de yapilmistir. Bu tahminler dogrultusunda, her bir parsel i¢in
uygulanan su konularina gore verim haritalar1 olusturulmustur. Elde edilen bulgular tam sezon sulamanin,
sulama yapilmayan (kontrol), mayis ayma boyunca, haziran ayma boyunca veya temmuz ay1 boyunca sulama
yapilan konulara kiyasla kamigs1 yumak verimini anlamh diizeyde artirdigini ortaya koymustur. Buna karsilik
azaltilmis sulama seviyeleri verimde belirgin bir diisiise neden olmus ve verimin yiiksek verimin
saglanabilmesi icin siirekli su temininin &nemi vurgulanmistir. Sonuc olarak, bu calisma IHA tabanl
gozlemlerin ve NDVI analizinin, kamigs1 yumak iiretiminde hasat oncesi verim tahmini ile etkili sulama
yonetimi i¢in gilivenilir ve uygulanabilir bir yontem oldugunu gostermektedir.

Anahtar kelimeler: Sulama yonetimi, uzaktan algilama, IHA, verim tahmini

Not: Bu makale, 2020 yilinda Utah Eyalet Universitesi’nde tamamlanan yiiksek lisans tezinden tiiretilmistir.
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OZET

Turkey grapples with escalating water stress and up to 50% water loss from traditional irrigation methods, a
situation critically intensified by climate change impacts. Digitalization in agricultural irrigation, leveraging
technologies such as [oT, Al, sensors, and drones, offers substantial potential to enhance water use efficiency,
increase crop yields, and promote sustainability. In this context, our DiSU project focuses on developing
remote sensing-based irrigation management models, while our ASDOS project emphasizes field automation
and domestic technology development. The TAGEM SuET system, in whose development we played a
significant role, serves as a national decision support mechanism for farmers and experts. Our efforts are
supported by tangible benefits, such as the 40% water savings observed in DSI pilot projects. However,
overcoming obstacles like high initial investment costs, insufficient digital literacy, and rural infrastructure
deficiencies is crucial. Government incentives (TKDK, KOP, Ziraat Bank) and technological advancements
present key opportunities. To foster the widespread adoption of this digital transformation, to which our
projects contribute, strategies focusing on education, robust financial support, infrastructure upgrades,
promotion of domestic R&D, and effective data management are vital. This transition is imperative for
Turkey’s effective water resource management and food security.

Keywords: Digital farming, water management, water efficiency, TAGEM
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OZET

Tiirkiye, artan su stresi ve geleneksel sulama yontemlerinin neden oldugu %50’ye varan su kayiplariyla
miicadele ederken, iklim degisikliginin etkileri durumu daha da kritik hale getirmektedir. Tarimsal sulamada
dijitallesme; Nesnelerin Interneti (I0T), yapay zeka, sensdrler ve drone teknolojileri gibi araglarla su kullanim
verimliligini artirma, lriin rekoltesini yiikseltme ve siirdiiriilebilirligi saglama potansiyeli sunmaktadir. Bu
baglamda, yiiriittiigiimiiz DiSU projesi uzaktan algilama tabanli sulama yonetimi modelleri gelistirirken,
ASDOS projemiz saha otomasyonu ve yerli teknoloji iiretimine odaklanmaktadir. Gelistirilmesinde énemli
rol oynadigimiz TAGEM SuET sistemi ise ulusal diizeyde bir karar destek mekanizmasi olarak ¢iftcilere ve
uzmanlara hizmet vermektedir. Bu galismalarimiz, DSI pilot projelerinde gdzlemlenen %40 su tasarrufu gibi
somut faydalarla desteklenmektedir. Ancak, yiiksek ilk yatirim maliyetleri, dijital okuryazarlik seviyesindeki
yetersizlikler ve kirsal altyapt sorunlart gibi engellerin asilmasi gerekmektedir. Devlet destekleri (TKDK,
KOP, Ziraat Bankasi) ve teknolojik ilerlemeler bu zorluklarin iistesinden gelinmesi igin 6nemli firsatlar
sunmaktadir. Projelerimizin de katkida bulundugu bu dijital doniisiimiin yayginlagsmasi i¢in egitim, finansal
desteklerin giliglendirilmesi, altyapi iyilestirmeleri, yerli Ar-Ge’nin tesviki ve etkin veri yonetimi stratejileri
hayati 6nem tagimaktadir. Bu doniisiim, Tiirkiye’nin su kaynaklarinin etkin yonetimi ve gida giivencesinin
saglanmasi i¢in bir zorunluluktur.

Anahtar Kelimeler: Dijital tarim, su yonetimi, su verimliligi, TAGEM
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ABSTRACT

It is necessary to examine the phenomenon of global warming and climate change along with widely accepted
theories, as well as alternative perspectives and its political-economic dimensions. The most devastating
effect of global warming on the agricultural sector is the potential drought events expected to occur with
varying severity. Drought is a complex process that is difficult to define. It generally has different definitions
in three main areas: meteorological drought, agricultural drought, and hydrological drought. This study
defines the types of drought and emphasizes the importance of using efficient irrigation methods such as
basin-based crop pattern planning, planting drought-tolerant crops, and drip irrigation in combating
agricultural drought. Additionally, the dominant theory that climate change is caused by increased greenhouse
gas (CO», CHa4, etc.) emissions resulting from human activities has been examined. Within the framework of
this theory, agricultural and livestock activities are shown to be among the main contributors to methane
emissions. In contrast, there are alternative theses arguing that climate change may originate from natural
processes. Contrary to the theory of climate change resulting from human activities, other theories suggest
that astrophysical events such as Milankovitch cycles (orbital and axial changes), sunspots, and changes in
the Earth’s magnetic field play a decisive role in climate change. Finally, today, climate change and global
warming are no longer just an environmental issue but are on their way to becoming a political and economic
problem. In this respect, this study explains, through the “ladder theory,” that regulations such as the Paris
Climate Agreement and the implementation of carbon taxes may be a strategy for developed countries to
maintain their competitive advantage by preventing developing countries from using fossil fuels after
completing their own industrialization processes. In this context, climate change should not be reduced to a
single factor (the human factor), and this issue should be evaluated with a rational and independent approach
against manipulation. At this point, instead of accepting the fear- and panic-inducing scenarios and
information presented to us, we need to develop our own solutions to existing problems by researching and
accessing accurate information.

Keywords: Global warming, climate change, agricultural drought, milankovitch cycles
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OZET

Kiiresel 1sinma ve iklim degisikligi olgusunu, yaygin olarak kabul edilen teorilerin yani sira alternatif bakis
acilar1 ve politik-ekonomik boyutlariyla birlikte incelemek gerekmektedir. Kiiresel 1sinmanin tarim sektorii
acisindan en yikici etkisi farkl siddetlerde meydana gelmesi beklenen olasi kuraklik olaylaridir. Kuraklik ise
tanimlanmasi zor ve kapsamli bir siiregtir. Kuraklik, genel olarak meteorolojik kuraklik, tarimsal kuraklik ve
hidrolojik kuraklik olmak iizere li¢ temel alanda farkli tanimlara sahiptir. Bu ¢alismada kuraklik tiirleri
tanimlanarak, tarimsal kuraklikla miicadelede havza bazinda iiriin deseni planlamasi, kurakliga toleransl
bitkilerin ekilmesi ve damla sulama gibi verimli sulama yontemlerinin kullanilmasinin 6nemi
vurgulanmaktadir. Bunula birlikte, iklim degisikliginin insan faaliyetleri sonucu artan sera gazi (CO,, CH4
vb.) emisyonlarindan kaynaklandig1 yoniindeki hakim teori incelenmistir. Bu teori ¢ergevesinde tarim ve
hayvancilik faaliyetleri, metan saliniminin ana sorumlulari arasinda gosterilmektedir. Buna karsilik, iklim
degisikliginin dogal siireglerden kaynaklanabilecegini savunan alternatif tezlerde bulunmaktadir. Insan
faaliyetleri sonucu ortaya c¢ikan iklim degisikligi teorisinin aksine diger teoriler, iklim degisikliginin
Milankovitch dongiileri (yoriinge ve eksenel degisimler), glines lekeleri ve diinyanin manyetik alanindaki
degisimler gibi astrofiziksel olaylarin iklim iizerinde belirleyici bir rol oynadigini1 6ne stirmektedir. Son
olarak, giiniimiizde iklim degisikligi ve kiiresel 1sinma artik ¢evresel bir sorun degil, politik ve ekonomik bir
sorun olma yolundadir. Bu yoniiyle bu calismada Paris Iklim Anlagmas: gibi diizenlemelerin ve karbon vergisi
uygulamalarinin, gelismis iilkelerin kendi sanayilesme siireclerini tamamladiktan sonra, gelismekte olan
iilkelerin fosil yakit kullanimimi engelleyerek rekabet avantajini siirdiirme stratejisi olabilecegi “merdiven
teorisi” ile aciklanmaktadir. Bu baglamda, iklim degisikligi tek bir faktére (insan faktoriine)
indirgenmemelidir ve bu konu manipiilasyonlara kars1 akilc1 ve bagimsiz bir yaklasimla degerlendirilmelidir.
Gelinen noktada bize sunulan korku ve panige neden olan senaryo ve bilgileri kabul etmek yerine, arastirip
dogru bilgilere ulagarak mevcut sorunlara kendi ¢oziimlerimizi gelistirmemiz gerekmektedir.

Anahtar Kkelimeler: Kiiresel 1sinma, iklim degisikligi, tarimsal kurakhk, milankovitch dongiileri
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ABSTRACT

Climate change has emerged as an escalating stress factor on agricultural production systems, directly
affecting citrus cultivation, which is among the most climate-sensitive crop groups. According to global
climate projections, the availability of freshwater resources is expected to decrease by approximately 66%
by 2050. This alarming trend is anticipated to intensify agricultural drought in Turkey, exerting significant
adaptive pressure on various dynamic physiological processes in plants most notably those related to growth,
metabolism, reproduction, and defense mechanisms, including epigenetic regulation. Perennial crops such as
fruit trees are particularly vulnerable to extreme climatic events, including sudden temperature increases and
severe frost episodes. These conditions not only undermine their productive capacity but also challenge
existing breeding strategies. Climatic uncertainty poses a serious threat to fruit-bearing species with economic
significance, alterations in both gene expression and the adaptive potential of these plants. This necessitates
a comprehensive reevaluation of agricultural practices, particularly for crops of strategic importance in
Turkey. This study aims to assess the future of citrus cultivation in the context of climate change, focusing
on high-value species such as orange, mandarin, and lemon. It provides an integrated evaluation of changes
in cultivation practices, orchard management, and breeding approaches to inform adaptive strategies for
sustaining citrus production under evolving environmental conditions.

Keywords: Epigenetics, climate change, citrus
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OZET

Iklim degisikligi, tarimsal iiretim sistemleri iizerinde artan bir stres unsuru olarak karsimiza ¢ikmakta olup,
ozellikle duyarlilig: yiiksek iirtin gruplarindan biri olan turunggil iiretimini dogrudan etkilemektedir. Kiiresel
iklim projeksiyonlarina gore, 2050 yilina kadar diinya genelinde su kaynaklarmin kullanilabilirliginde
yaklasik %66 oraninda bir azalma ongoriilmektedir. Bu durum, iilkemizde de tarimsal kurakligin artmasina
ve bitkisel {iretime ait basta epigenetik faktorler olmak iizere; biiylime, metabolizma, lireme, savunma gibi
dinamik siireglerin tamaminda adaptif baskilarin yogunlasmasina neden olmaktadir. Ozellikle meyve agaclari
gibi ¢ok yillik bitkiler, ani sicaklik artislart ve siddetli don olaylar1 gibi ekstrem iklim kosullarina maruz
kalmakta, bu da s6z konusu tiirlerin iiretim kapasitesini ve mevcut 1slah stratejilerini énemli 6lgiide
etkilemektedir. iklim kosullarindaki bu belirsizlikler gidaya doniisen bir iiriin olarak meyvesi ile ekonomik
deger tastyan bitkinin kalitimsal olarak gen ifadesi degisikliklerini ve adaptasyon yetenegini biiyiik 6l¢iide
etkilemektedir. Bu degisim iilkemiz agisindan stratejik 6nem tasiyan iiriinlerdeki tarimsal uygulamalar
yeniden degerlendirmeyi zorunlu kilmaktadir. Bu ¢alisma, Tiirkiye agisindan ekonomik degeri yiiksek olan
turunggil tiirleri olan portakal, mandarin ve limon bitkilerinin iklim degisikligi baglaminda yetistiriciligi,
bahge yonetimi ve 1slah yaklasimlarindaki degisimlerini gelecegine yonelik bir degerlendirme ile sunmay1
amaclamaktadir.

Anahtar kelimeler: Epigenetik, iklim degisikligi, turuncgil
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ABSTRACT

Alfalfa (Medicago sativa L.) is a high-nutritional-value, perennial forage crop that stands out in forage
production in Tiirkiye. Its notably high crude protein content (15-25%) makes it an essential feed source for
both dairy and beef livestock production. Climate change poses significant threats to forage crop production
in terms of both quality and yield. This study aims to systematically review scientific 41orthweste evaluating
the potential effects of elevated CO: (Eco2), increased temperature, and cyclic drought conditions on forage
quality and methane emissions in alfalfa (Medicago sativa L.). The 41orthweste review covers national and
international academic publications published between 2010 and 2024. Elevated CO: has been shown to
increase the carbon-to-nitrogen ratio, leading to a decrease in protein content, while potentially improving
digestibility. Increased temperature negatively affects biomass and shortens phenological phases, whereas
cyclic drought triggers adaptive plant responses. Changes in forage quality are closely linked to alterations in
methane emissions from livestock production. A detailed evaluation of the reactions of local Turkish alfalfa
cultivars to these stress factors is of strategic importance for climate-smart agriculture and sustainable
livestock systems.

Keywords: Cyclic drought, elevated CO., forage quality, medicago sativa
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OZET

Yonca (Medicago sativa L.), Tirkiye’de yem bitkileri tiretiminde 6ne ¢ikan, yiiksek besin degerine sahip, cok
yillik bir yem bitkisidir. Ozellikle yiiksek ham protein igerigi (%15-25) sayesinde siit ve besi hayvanciligi
i¢in vazgecilmez bir yem kaynagidir. iklim degisikligi, yem bitkileri iiretiminde kalite ve verim yoniinden
ciddi tehditler olusturmaktadir. Bu galisma, yiikseltilmis CO:z (Ecoz), artirilmig sicaklik ve dongiisel kuraklik
kosullarinin yonca (Medicago sativa L.) bitkisinin yem kalitesi ve metan emisyonlari lizerine potansiyel
etkilerini degerlendiren bilimsel ¢alismalar sistematik olarak incelemeyi amaglamaktadir. Literatiir taramast,
2010-2024 yillar1 arasinda yayimmlanmis wulusal ve wuluslararasi1 akademik yayimnlar {izerinden
gergeklestirilmistir. Yiikseltilmis CO:’nin karbon-azot oranini artirarak protein igerigini diislirdiigii, ancak
sindirilebilirligi olumlu etkileyebilecegi belirlenmistir. Artirilmis sicaklik, biyokiitlede azalma ve fenolojik
stireclerde kisalma gibi olumsuz etkiler gosterirken, dongiisel kuraklik ise bitkisel adaptasyon
mekanizmalarini tetiklemektedir. Yem kalitesindeki degisimler, dolayli olarak hayvansal liretimde metan
salmmmini da etkilemektedir. Tiirkiye’de yaygin kullanilan yerli yonca cesitlerinin bu stres kosullarina
verecegi tepkilerin ayrintili olarak degerlendirilmesi, iklim-akilli tarim ve siirdiiriilebilir hayvancilik
acisindan stratejik 6nem tagimaktadir.

Anahtar kelimeler: Dongiisel kuraklik, yiikseltilmis CQO:, medicago sativa, yem Kkalitesi
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ABSTRACT

With increasing food demand and changing precipitation patterns, the need for irrigation is rising; however,
irrigation practices are known to alter soil microbial activity, thereby contributing to greenhouse gas (GHG)
emissions. This study aims to investigate the effects of different irrigation levels (S1: full irrigation, S2: 70%
of S1, S3: 40% of S1, and S4: rainfed) on soil-based emissions of CO2, CHa, and N-O in silage maize irrigated
with a drip system under the climatic conditions of Central Anatolia. Field experiments were conducted over
two years (2019-2020), where gas measurements were taken using static chambers before and after irrigation
events. Global Warming Potential (GWP) and Greenhouse Gas Intensity (GHGI) were also calculated. The
findings showed that increasing irrigation volumes significantly elevated CO: and N>O emissions from the
soil. The soil acted as a methane (CHa) sink, with CHa4 uptake increasing significantly with higher irrigation
levels. Soil moisture and temperature were observed to be influential factors affecting gas emissions. While
GWP per area increased with higher irrigation levels, GHGI—greenhouse gas emissions per unit yield—
decreased. These results suggest that, in high water-use-efficiency crops, meeting the same production levels
through irrigated agriculture on smaller land areas may contribute more positively to the greenhouse gas
budget compared to extensive rainfed production.

Keywords: Drip irrigation, deficit irrigation, greenhouse gas emissions, silage maize
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OZET

Artan gida talebi ve degisen yagis rejimleri nedeniyle sulama ihtiyaci artarken, sulama uygulamalarinin
toprak mikrobiyal aktivitesini degistirerek sera gazi salimina neden olabilecegi bilinmektedir. Bu ¢alisma,
Orta Anadolu iklim kosullarinda damla sulama sistemiyle sulanan silajlik misirda farkli sulama diizeylerinin
(S1: tam sulama, S2: S1’in %70 diizeyi, S3: S1’in %40 diizeyi ve S4: yagisa dayali) topraktan kaynakli CO,,
CHs ve N>O salimlarma etkisini aragtirmay1 amaglamustir. Iki y1l (2019-2020) boyunca yiiriitiilen arazi
denemesinde, statik ¢cemberler kullanilarak sulama &ncesi ve sonrasi gaz dl¢limleri yapilmis, kiiresel 1sinma
potansiyeli (GWP) ve sera gazi yogunlugu (GHGI) hesaplanmistir. Bulgular, sulama suyu miktarinin
artmasiyla topraktan CO, ve N,O salimlariin istatistiksel olarak anlamh diizeyde arttigimi gostermistir.
Toprak, metan (CHa) i¢in bir yutak gorevi gérmiis ve sulama miktar1 arttikga CH4 emiliminin istatistiksel
olarak arttig1 belirlenmistir. Toprak nem igerigi ve sicakliginin gaz salimlar iizerinde etkili faktdrler oldugu
gozlemlenmistir. Alansal bazda sera gazi salimi (GWP) sulama miktar1 arttikga artmisken, birim verime
karsilik sera gaz1 emisyonu (GHGI) sulama diizeyi arttik¢a azalmistir. Bu durum, su-verim tepkisi yiiksek
bitkilerde, ayn1 liretim miktarini daha az alanda sulu tarim ile karsilamanin, sera gazi biitgesi agisindan yagisa
dayal1 genis alan tiretimine gére daha olumlu bir katki saglayabilecegini gostermektedir.

Anahtar kelimeler: damla sulama, kisintili sulama, sera gaz1 emisyonu, silajiik misir
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ABSTRACT

Droughts are among the most severe impacts of climate change, with the Middle East being particularly
vulnerable due to its already arid climate. The aridity index, defined as the ratio of precipitation to potential
evapotranspiration, is a key indicator of drought severity and is closely linked to the irrigation water
requirements of various crops. In this study, temporal and spatial variations in the aridity index across the
Middle East are analyzed. The aridity index is computed at a 0.1° x 0.1° grid resolution using the ERAS-
Land reanalysis dataset. The calculated values are validated against observational station data, and a trend-
preserving bias correction is applied through a linear adjustment based on station-observation relationships.
Aridity index maps are generated for three distinct time periods between 1950 and 2024, allowing for a
detailed assessment of long-term drought trends. Based on the aridity index, land classification is conducted
following UNEP criteria. In addition to spatial analyses, country-level averages and statistical summaries are
provided. The findings highlight the increasing severity of drought across the region and offer valuable
insights for policymakers concerned with climate resilience and agricultural planning.

Keywords: Aridity index, climate change, drought, Middle East
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OZET

Kurakliklar, iklim degisikliginin en siddetli etkileri arasinda yer almakta olup, halihazirda kurak bir iklime
sahip olan Orta Dogu bu etkilere karsi 6zellikle savunmasizdir. Yagis miktariin potansiyel buharlagma-
terleme miktarina orani olarak tanimlanan kuraklik indeksi, kuraklik siddetinin 6nemli bir gdstergesi olup,
gesitli tarim {irlinlerinin sulama suyu ihtiyaciyla yakindan iligkilidir. Bu ¢alismada, Orta Dogu genelinde
kuraklik indeksinin zamansal ve mekansal degisimleri analiz edilmistir. Kuraklik indeksi, ERAS5-Land
yeniden analiz verileri kullanilarak 0.1° x 0.1° grid ¢oziiniirliigiinde hesaplanmistir. Hesaplanan degerler,
gozlemsel istasyon verileriyle dogrulanmis ve istasyon-gozlem iliskilerine dayali dogrusal bir diizeltme ile
egilimleri koruyan bir sapma diizeltmesi uygulanmistir. 1950 ile 2024 yillar1 arasindaki ii¢ farkli donem igin
kuraklik indeksi haritalar1 olusturularak uzun vadeli kuraklik egilimleri ayrintili bir sekilde
degerlendirilmistir. Kuraklik indeksine dayanarak, UNEP kriterleri dogrultusunda arazi siniflandirmasi
yapilmistir. Mekansal analizlere ek olarak, lilke bazinda ortalamalar ve istatistiksel 6zetler de sunulmustur.
Bulgular, bolge genelinde kurakligin giderek artan siddetini ortaya koymakta ve iklim direnci ile tarimsal
planlamaya yonelik politika yapicilar i¢in degerli bilgiler saglamaktadir.

Anahtar kelimeler: Kuraklik indeksi, iklim degisikligi, kuraklik, Orta Dogu

46


mailto:yilhasan@metu.edu.tr

ICASI 2025
3. ULUSLARARASI & 16. ULUSAL TARIMSAL YAPILAR VE SULAMA KONGRESI
24-27 HAZIRAN 2025

ESTIMATION OF CROP WATER REQUIREMENTS USING GRIDDED CLIMATE DATASETS
IN THE EUPHRATES-TIGRIS RIVER BASIN OF TURKIYE

Osama ALAWI!
Middle East Technical University, Department of Civil Engineering,
Hydraulics Laboratory, Ankara, Tiirkiye
ORCID: 0009-0004-6048-6126

osama.alawi@metu.edu.tr

Hasan Huseyin YILDIRIM?
Middle East Technical University, Department of Civil Engineering,
Hydraulics Laboratory, Ankara, Tiirkiye
ORCID: 0000-0003-1139-1687

Assoc. Prof. Dr. Ali ERCAN?
Middle East Technical University, Department of Civil Engineering,
Hydraulics Laboratory, Ankara, Tiirkiye
ORCID: 0000-0003-1052-4302

ABSTRACT

The growing impacts of climate change and increasing water scarcity underscore the need for robust tools in
agricultural water planning. Accurate estimation of crop water requirements (CWR) is essential for
optimizing irrigation and ensuring sustainable water use. While many existing tools rely on empirical
assumptions and limited station data, their effectiveness can be constrained in regions with sparse
observations or high spatial variability. Advances in climate datasets and modeling techniques now offer the
potential to improve spatial and temporal resolution in water demand assessments, enabling more informed
agricultural decision-making. This study aims to estimate crop water requirements using a high-resolution
gridded climate reanalysis dataset, bias-corrected with station observations. The approach enables spatially
detailed and accurate CWR estimates, improving upon traditional station-based methods. Reference
evapotranspiration (ETo) is calculated using the FAO Penman-Monteith method, followed by crop water
requirement (ET.) estimation. Preliminary analysis using CLIMWAT data compared with General Directorate
of Agricultural Research and Policies (TAGEM) report station results showed percentage differences in ETy
(avg: 1.32%, SD: 9.54%) and ET. for sunflower (avg: -4.36%, SD: 12.09%). To improve spatial evaluation
and allow comparison with TAGEM results, the upcoming analyses will include downscaled ERAS data that
show average correlations over 0.8 with observed values. Also, will evaluate the effects of climate change
using downscaled CMIP6 projections under different emission scenarios.

Keywords: Reference evapotranspiration (ETy), climate variability, planning of irrigation systems,
water resources management
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OZET

Iklim degisikliginin biiyiiyen etkileri ve artan su kitlig1 tarimsal su planlamasinda giivenilir araglara duyulan
ihtiyacin altin1 ¢izmektedir. Sulamanin optimize edilmesi ve siirdiiriilebilir su kullaniminin saglanmasi i¢in
tarim su gereksinimlerinin dogru tahmin edilmesi esastir. Mevcut birgok ara¢ ampirik varsayimlara ve sinirli
istasyon verilerine dayanirken, seyrek gozlemlere veya yiiksek mekansal degiskenlige sahip bolgelerde
etkinlikleri kisitlanabilir. Iklim veri setleri ve modelleme tekniklerindeki gelismeler artik su talebi
degerlendirmelerinde mekansal ve zamansal ¢oziinlirliigii iyilestirme potansiyeli sunarak daha bilingli
tarimsal karar verme imkani saglamaktadir. Bu ¢aligma istasyon gozlemleriyle yanliliklar1 diizeltilmis yiiksek
¢Oziiniirlikli bir iklim reanalizi veri seti kullanarak mahsul suyunu tahmin etmeyi amaglamaktadir. Bu
yaklagim, mekéansal olarak detayli ve dogru tarim su tahminlerine olanak taniyarak geleneksel istasyon tabanl
yontemlerini geligtirmektedir. Referans evapotranspirasyon (ETy) FAO Penman-Monteith yontemi
kullanilarak hesaplanir ve ardindan tarim su ihtiyaci (ET.) tahmini yapilir. CLIMWAT verileri kullanilarak
yapilan 6n analizler, Tarimsal Arastirmalar ve Politikalar Genel Midiirliigli (TAGEM) rapor istasyon
sonuclar ile karsilastirildiginda, aygigegi i¢in ETy (ortalama: %1,32, SD: %9,54) ve ET.’de (ortalama: -
%4,36, SD: %12,09) degerlerini gostermektedir. Mekansal degerlendirmeyi iyilestirmek ve TAGEM
sonuclariyla karsilastirmaya olanak saglamak icin, onlimiizdeki analizler, gbzlemlenen degerlerle 0,8’in
iizerinde ortalama korelasyon gosteren kiictiltiilmiis ERAS verilerini icerecektir. Ayrica, farkli emisyon
senaryolar1 altinda kiiciiltiilmiis CMIP6 projeksiyonlart kullanilarak iklim degisikliginin etkileri
degerlendirilecektir.

Anahtar Kelimeler: Referans evapotranspirasyon (ET,), iklim degiskenligi, sulama sistemlerinin
planlanmasi, su kaynaklar1 yonetimi
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ABSTRACT

Water is essential not only for sustaining life but also as a critical input in all forms of production. According
to the World Resources Institute, by 2050, 31% of the global population will face high to extremely high
water stress, underscoring the urgency of effective water management. The Organization of Islamic
Cooperation (OIC), established in 1969 to enhance economic, social, and political cooperation among
member states—many of which are in arid and semi-arid regions—prioritizes sustainable water resource
management on its agenda. OIC’s water-related initiatives foster knowledge sharing, promote solidarity in
addressing common challenges, and contribute to the Sustainable Development Goals. Strengthening
multilateral cooperation under the OIC umbrella is increasingly vital as pressure on water resources
intensifies. Turkey stands out as a model among OIC countries, offering advanced technical capacity,
institutional expertise, and a comprehensive legal framework in water management. Its experience in
integrated water resources management, water efficiency, and disaster risk reduction is highly relevant to
regional needs. Additionally, Turkey’s dynamic private sector in water 49orthwestern offers strategic
opportunities to transform cooperation into practical, impactful projects. By leveraging such strengths,
Turkey contributes meaningfully to regional water security efforts and supports OIC member states in
building resilient and sustainable water management systems.

Keywords: OIC, cooperation, sustainable water management
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OZET

Su hayati 6neminin yan1 sira her tiirlii iiretim i¢in vazgegilmez bir girdi durumundadir. Diinya Kaynaklar
Enstitiistinlin projeksiyonlarina gére diinya niifusunun %31’°inin 2050 yila kadar yiiksek- asir1 yiiksek su
stresi ile kars1 karsiya kalmasi beklenmektedir. Dolayisiyla suyun etkin yonetimi konusu bir¢ok uluslararasi
kurulusun ana konusu olmustur. Su kaynaklarinin siirdiiriilebilir yonetimi konusu, iiye iilkelerinin tigte biri
kurak ve yar1 kurak bélgelerde bulunan, Islam diinyasinda ekonomik, sosyal ve siyasi is birligini
giiclendirmeyi amaciyla 1969 yilinda kurulan islam Isbirligi Teskilatinin giindeminde 6ncelikli bir yere
sahiptir. IIT ¢atis1 altinda yiiriitiilen su faaliyetleri, iiye iilkeler arasinda bilgi ve deneyim paylasimini tesvik
etmesi, ortak sorunlara yonelik dayanisma ruhunu gii¢clendirmesi ve siirdiiriilebilir kalkinma hedeflerine katk1
sunmas1 agisindan biiylik onem arz etmektedir. Su kaynaklarinin giderek artan baski altinda oldugu
giiniimiizde, IiT biinyesinde gelistirilecek ¢ok tarafli is birlikleri, ortak sorunlara ¢6ziim iiretme kapasitesini
artiracaktir. Turkiye, sahip oldugu teknik altyapi, kurumsal deneyim ve su yonetimi konusundaki kapsamlt
mevzuat gergevesiyle, 1T {iyesi iilkeler i¢in &rnek teskil etmektedir. Ozellikle entegre su kaynaklar1 ydnetimi,
su verimliligi uygulamalari, kuraklik ve tagkin yonetimi gibi alanlarda Tiirkiye’nin kazandig: tecriibeler, iiye
tilkelerle paylasilmaya hazir 6nemli bir potansiyel olusturmaktadir. Ayrica, Tiirk 6zel sektoriiniin su
teknolojileri alanindaki {iretim ve uygulama kapasitesi, is birliklerinin somut projelere doniismesi agisindan
stratejik bir imkandir.

Anahtar kelimeler: IiT, is birligi, siirdiiriilebilir su yonetimi
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ABSTRACT

Wheat (Triticum spp.), mainly grown under rainfed conditions in Central Anatolia, is a key income source
for local farmers. However, increasing droughts due to climate change have negatively impacted wheat
development. This study utilized 51orth PlanetScope satellite imagery with 3-meter resolution to analyze
spectral vegetation indices (NDVI, SAVI, EVI, and LAI) for wheat yield prediction from 2021 to 2023. Each
year, 25-30 cloud-free images were used to evaluate an experimental rainfed plot, which had a heterogeneous
structure and was divided into 24 different homogeneity classes, with yield estimated separately for each
point and over 100 pilot plots under various management practices. The indices were transformed into 51orth
values using an iterative method, and cumulative and spatial metrics were calculated across four phenological
periods (Sowing Time — Beginning of Heading Stage, Sowing Time — Beginning of Heading Stage, Sowing
Time — End of Flowering Stage, Beginning of Heading Stage — End of Flowering Stage) from sowing
Slorthw-harvest. The highest prediction accuracy was obtained between the sowing and End of Flowering
Stage, particularly using cumulative and spatial NDVI and estimated crop coefficient values. Determination
coefficients (R?) ranged from 0.81 to 0.90, while RMSE values varied between 39 and 50 kg/da over the
three-year period.

Keywords: Remote sensing, planetscope, vegetation indices, yield estimation
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OZET

Bugday (Triticum spp.), I¢ Anadolu’da ¢ogunlukla kuru kosullarda yetistirilmekte olup, bolge ¢iftcileri icin
onemli bir gelir kaynagidir. Ancak iklim degisikligine bagl olarak artan kurakliklar, bugday gelisimini
olumsuz etkilemistir. Bu calisma, 2021-2023 yillar1 arasinda bugday verimini tahmin etmek amaciyla, 3
metre ¢Oziinlirliikli glinliik PlanetScope uydu goriintiileri kullanilarak spektral vejetasyon indeksleri (NDVI,
SAVI, EVI ve LAI) analiz edilmistir. Her yil, bulutsuz 25-30 uydu goriintiisii, heterojen yapiya sahip kuru
kosullardaki deneme parseli ile farkli yetistirme kosullarindaki 100°den fazla pilot parsellerde analiz
edilmistir. Deneme parseli, 24 farkli homojenlik sinifina ayrilmig ve her bir noktada verim tahmini ayr1 ayri
yapilmustir. Indeksler enterpolasyon ile giinliik degerlere déniistiiriilmiis ve ekimden hasat dncesine kadar
olan dort farkli fenolojik doneme (Ekim Zamani — Bagaklanma Doénemi Baslangici, Ekim Zamani —
Basaklanma Dénemi Baslangici, Ekim Zamani — Cigeklenme Donemi Sonu, Bagsaklanma Donemi Baglangici
— Cigeklenme Donemi Sonu) ait kiimiilatif ve alansal metrikler hesaplanmigtir. Sonugta, en yliksek tahmin
dogrulugu, ekimden ¢i¢ceklenme donemi sonuna kadar olan kiimiilatif veya alansal NDVI ile elde edilmistir.
Belirleme katsayist (R?) degerleri 0,81 ile 0,90 arasinda degismis olup tahmin hatasinin standart sapmasi
(RMSE) degerleri ise ii¢ yillik donemde, 39 ile 50 kg/da arasinda gerceklesmistir.

Anahtar kelimeler: Uzaktan algilama, PlanetScope, vejetasyon indeksleri, verim tahmini
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ABSTRACT

Conventional methods used to monitor and assess agricultural drought often fail to adequately capture its
effects because they do not consider plant-based indicators. This study utilizes data from the Adana
meteorological station to evaluate whether the Standardized Precipitation Index (SPI) can effectively
represent plant water demand—an indicator of agricultural drought—during the wheat growing season. Daily
total precipitation (mm), minimum and maximum temperature (°C), total global solar radiation (kWh/m?),
mean relative humidity (%), and wind speed (m/s) data from 1960 to 2024 were used. Reference
evapotranspiration (ET,) was calculated using the FAO Penman-Monteith method, while effective
precipitation (Pe) was estimated using the USDA-SCS CROPWAT model. Drought severity was determined
using the SPI on a 1-month time scale. Actual evapotranspiration (Etc) values during the wheat growing
season (December 1-June 30) were calculated by multiplying the plant coefficient (Kc) values by Eto.
Precipitation deficit (PD) values for wheat were calculated for the 65-year observation period. Monthly SPI
values were compared graphically with PD values for the December-June period. PD and SPI values showed
similar variations in January, February, and March. A good correlation between PD and SPI was observed
during the stem elongation phase of wheat (late February to early March). However, significant discrepancies
were found between PD and SPI during the heading (March) and milk development (late April to mid-May)
stages. Based on the PD values, it was concluded that SPI does not adequately depict the agricultural drought
of wheat, especially during the critical stages when crop water demand is highest. Therefore, SPI on a 1-
month time scale is not an adequate indicator of agricultural drought. Since plants play a vital role in
accurately detecting agricultural drought, it has been proposed that agricultural drought studies should be
plant-based.
Keywords: Precipitation deficit, crop water requirement, drought, actual evapotranspiration
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OZET

Tarimsal kurakligi izlemek ve degerlendirmek i¢in kullanilan geleneksel yontemler, bitki bazli gdstergeleri
dikkate almadiklar1 i¢in genellikle kurakligin etkilerini yeterince agiklayamamaktadir. Adana meteoroloji
istasyonu verileri kullanilarak yapilan bu ¢alisma ile; bugdayin biiylime periyodunda tarimsal kurakligin bir
gbstergesi olan bitki su ihtiyacinin, Standardize Yagis indeksi (SPI) yontemi ile agiklamp
aciklanamayacaginin belirlenmesi amaglanmigtir. Caligmada 1960-2024 yillarina ait giinliik olarak temin
edilen; toplam yagis (mm), minimum ve maksimum sicaklik (°C), toplam kiiresel gilines radyasyonu
(kWh/m?), ortalama bagil nem (%) ve riizgar hizi (m/s) verileri kullanilmistir. Referans evapotranspirasyon
(ETo) FAO Penman-Monteith yontemi kullanilarak hesaplanirken, etkili yagis (Pe) USDA-SCS CROPWAT
modeli kullanilarak tahmin edilmistir. Kuraklik siddeti 1-ay zaman Ol¢egi esas alinarak SPI ile tespit
edilmisti. Bugdaym biiylime mevsimi (1 Aralik-30 Haziran) boyunca gercek evapotranspirasyon (ET.)
degerleri, bitki katsayis1 (K¢) degerleri ile ETy carpilarak hesaplanmistir. Bugday icin yagis agig1 (PD)
degerleri 65 yillik gézlem donemi i¢in elde edilmistir. Aylik SPI degerleri, Aralik-Haziran donemi i¢in PD
degerleri ile grafiksel olarak karsilastirilmistir. PD ve SPI degerleri Ocak, Subat ve Mart aylarinda benzer
degisiklikler gdstermistir. Bugdayin sapa kalkma déneminde (Subat sonu ile Mart basi) PD ve SPI arasinda
iyi bir korelasyon gozlemlenmistir. Ancak, basaklanma (Mart) ve siit olum (Nisan sonu ile Mayis ortasi)
donemlerinde PD ve SPI arasinda dénemli farkliliklar bulunmustur. PD degerleri dikkate alindiginda; SPI
degerlerinin tarimsal kurakligi ozellikle bitki su ihtiyacinin en fazla oldugu donemlerde yeterince
aciklayamadigi sonucuna varilmistir. Bu nedenle, zaman 6l¢egi k=1-ay alindiginda SPI degerlerinin tarimsal
kuraklig: yeterli diizeyde temsil edemedigi goriilmiistiir. Bitkiler, tarimsal kuraklig1 dogru bir sekilde tespit
etmede hayati bir rol oynadigindan, tarimsal kuraklik ¢alismalarinin bitki esasli yapilmasi 6nerilmistir.

Anahtar Kkelimeler: Yagis acigy, bitki su ihtiyaci, kuraklik, gercek evapotranspirasyon
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ABSTRACT

Tiirkiye is situated within the Mediterranean climate zone, where the impacts of global climate change are
expected to be particularly pronounced, posing substantial risks to national water resources. Projections
indicate that, due to increasing temperatures and altered precipitation patterns, water resources in Tiirkiye
could decrease by 20-30%. This scenario necessitates the sustainable management and efficient utilization
of water. Such reductions are anticipated to generate wide-ranging social and environmental consequences,
affecting agricultural production, drinking water supply, ecosystem services, and economic activities. In
response, the Ministry of Agriculture and Forestry initiated the “Water Efficiency Campaign” to protect and
sustainably manage water resources for future generations. The campaign targets enhanced water efficiency
across urban, agricultural, industrial, and individual sectors through comprehensive policy frameworks,
strategic initiatives, and actionable plans. As part of this effort, the ““Water Efficiency Strategy Document and
Action Plan within the Framework of Adaptation to Climate Change” was developed and enacted. The
strategic document defines a series of actions to be implemented between 2023 and 2033. Its key targets
include reducing water losses in drinking water supply and distribution systems from 32% to 25%, increasing
agricultural irrigation efficiency from 50% to 60%, achieving a 30% water recovery rate in industry, and
lowering individual 55orth water consumption from 150 to 120 liters. By meeting these objectives, Tiirkiye
seeks to advance the sustainable management of water resources while enhancing resilience to climate
change. This integrated approach is expected to contribute significantly to national water security, economic
sustainability, and environmental protection.

Keywords: Climate change, water efficiency, sustainable water management
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OZET

Tiirkiye, kiiresel iklim degisikliginin etkilerinin yogun olarak hissedilecegi Akdeniz iklim kusaginda yer
almakta olup, bu nedenle su kaynaklar {izerinde 6nemli riskler tagimaktadir. Artan sicakliklar ve degisen
yagis rejimleri sonucunda, Tiirkiye’de su kaynaklarinda %20-30 oraninda azalma beklenmektedir. Bu durum,
suyun siirdiiriilebilir yonetimi ve verimli kullanimini zorunlu kilmaktadir. Su kaynaklarindaki azalma,
tarimsal {iretimden igme suyuna, ekosistem hizmetlerinden ekonomik faaliyetlere kadar genis bir yelpazede
toplumsal ve ¢evresel etkiler dogurmaktadir. Bu kapsamda, su kaynaklarinin korunmasi ve gelecek nesillere
aktarilmast amaciyla Tarim ve Orman Bakanligi koordinasyonunda “Su Verimliligi Seferberligi”
baglatilmistir. Seferberlik, kentsel, tarimsal, endiistriyel ve bireysel su kullaniminda verimliligin artirilmasini
hedeflemekte ve bu dogrultuda kapsamli politika, strateji ve eylemler gelistirmektedir. Buna ydnelik olarak
hazirlanan “Degisen Iklime Uyum Cercevesinde Su Verimliligi Strateji Belgesi ve Eylem Plan1” yiiriirliige
konmustur. Bu strateji belgesi kapsaminda, 2023-2033 yillarim1 kapsayan eylemler belirlenmistir. Bu
kapsamda, igme suyu temin ve dagitim sistemlerindeki su kayiplarinin %32’den %25’¢ indirilmesi, tarimsal
sulama randimaninin %50’den %60’a yiikseltilmesi, sanayide su kazanim oraninin %30’a ¢ikarilmasi ve
bireysel giinliik su tiikketiminin 150 litreden 120 litreye diisiiriilmesi hedeflenmektedir. Belirlenen hedefler ve
uygulanacak eylemlerle, Tiirkiye’nin su kaynaklarinin siirdiiriilebilir yonetimi saglanarak iklim degisikligine
uyum kapasitesinin artirilmasi amag¢lanmaktadir. Bu biitiinciil yaklasim, {ilkenin su giivenligi, ekonomik
siirdiiriilebilirlik ve ¢evresel koruma hedeflerine 6nemli katkilar sunacaktir.

Anahtar kelimeler: iklim degisikligi, su verimliligi, siirdiiriilebilir su yonetimi
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ABSTRACT

Accurate moisture estimation is very important for precise irrigation management. With technological
developments, various moisture sensors have been developed. However, the calibration of moisture sensors
requires a certain process. In this study, neutron probes, frequency domain probes, and tensiometers were
compared in terms of their calibrations and performances under field (field) conditions. Various soil moisture
sensing devices were tested for irrigation planning in clayey loam soil at the Agricultural Experiment Station
of the Western Mediterranean Agricultural Research Institute between 2019 and 2020. As a result of the study,
it was determined that the moisture values obtained with the tested soil moisture measuring devices were
generally closely related to each other. Although the calibration of the neutron probe for the studied soil was
easy, the lack of fast data acquisition indicates that it is not suitable for automation. The calibration of
frequency domain sensors takes longer. It was also determined that they were not reliable enough without
engineering improvements or soil-specific calibrations. The calibration of tensiometers was relatively easier
and the moisture values were found to be quite useful for irrigation planning.

Keywords: Irrigation planning, soil moisture sensor, soil water, porous ceramics
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OZET

Dogru nem tahmini, hassas sulama yonetimi i¢in olduk¢a 6nemlidir. Teknolojik gelismelerle birlikte, cesitli
nem sensorleri gelistirilmistir. Ancak nem sensorlerinin kalibrasyonu belirli bir siire¢ gerektirmektedir. Bu
calismada, nétron problari, frekans alan problari ve tansiyometreler dahil olmak iizere saha (arazi)
kosullarindaki kalibrasyonlar1 ve performanslari acisindan karsilagtirilmistir. Cesitli toprak nem algilama
cihazlari, 2019 ve 2020 yillar1 arasinda Bat1 Akdeniz Tarimsal Aragtirma Enstitiisii Aragtirma Enstitiisii Tarim
Deney Istasyonu’nda killi tinli toprakta sulama planlamasi igin test edilmistir. Calismanin sonucunda, test
edilen toprak nem Ol¢iim cihazlar ile elde edilen nem degerlerinin genellikle birbirleriyle yakindan iliskili
oldugu tespit edilmistir. Notron probunun c¢alisilan toprak i¢in kalibrasyonu kolay olmasina ragmen, veri
temininin hizli olmamasi otomasyon i¢in uygun olmadigi gostermektedir. Frekans alani sensorlerinin,
kalibrasyonu ise daha uzun siirmektedir. Ayrica miithendislik iyilestirmeleri veya topraga 6zgii kalibrasyonlar
olmadan yeterince giivenilir olmadig1 belirlenmistir. Tansiyometrelerin kalibrasyonu nispeten daha kolay
olmus ve nem degerleri sulama planlamasi i¢in oldukca faydali oldugu goriilmiistiir.

Anahtar kelimeler: Sulama planlamasi, toprak nem sensorii, toprak suyu, géozenekli seramik
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ABSTRACT

Climate change and global warming are leading to the depletion of water resources and causing serious
problems in agricultural production. The growing population and increasing food demand have made more
efficient water use in agriculture a necessity. In this context, water management has become not only an
environmental concern but also a strategic priority. In the short term, one of the effective solutions is the use
of water-retaining polymers (hydrogels), which enhance the soil’s water-holding capacity, reduce irrigation
requirements, and improve the efficiency of nutrients applied with water. This study was carried out as a pot
experiment in the field of during the 2013—2014 period at the Soil and Water Resources Campus of the
Transitional Zone Agricultural Research Institute in Eskisehir, Turkey. The research aimed to determine the
effects of two different soil textures (heavy and light) and four different hydrogel doses (0.1, 0.2, 0.3, and 0.4
g/kg), along with a control group (0 g/kg), on water use efficiency and soil water retention in pepper plants.
The experiment was carried out in a randomized factorial design with four replications.According to the
results, the 0.3 g/kg hydrogel dose stood out in both soil types. The amount of water used in light textured
soil was 30409 Ml in 2013 and 20221 Ml in 2014, while it was 65160 Ml in 2013 and 50194 Ml in 2014 for
heavy textured soil.In light soil, the 0.3 g/kg dose resulted in a 22—-38% reduction in water use, while in heavy
soil, the difference was not statistically significant. These findings suggest that such polymers can particularly
contribute to water savings in light-textured soils.

Keywords: Polymer, water use efficiency, water holding capacity, water retainer
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OZET

iklim degisikligi ve kiiresel 1sinma, su kaynaklarinin azalmasina ve tarmmsal iiretimde ciddi sorunlara yol
acmaktadir. Artan niifus ve gida ihtiyaci, tarimda suyun daha verimli kullanilmasini zorunlu kilmistir. Bu
baglamda, su yOnetimi yalnizca g¢evresel degil, ayn1 zamanda stratejik bir oncelik haline gelmistir. Kisa
vadede etkili ¢ozlimlerden biri olan su tutucu polimerler (hidrojeller), topragin su tutma kapasitesini
artirarak sulama ihtiyacim1 azaltmakta, ayni zamanda suyla verilen besin maddelerinin etkinligini
artirmaktadir. Bu arastirma, 2013-2014 yillarinda Eskisehir Gegit Kusagi Tarimsal Arastirma Enstitiisii
Toprak ve Su Kaynaklar Yerleskesi arazisinde saks1 denemesi olarak yiiriitlilmiistiir. Arastirma konular1 2
farkl: toprak biinyesi (agir ve hafif biinyeli toprak) ve dort farkl: hidrojel dozu (0.1; 0.2; 0.3; 0.4 g/kg) ve bir
kontrol grubu (0 g/kg) olacak sekilde biber bitkisinde etkin su kullamimina etkisine ve toprakta su tutma
ozelliklerine etkisini belirlemek adina tesadiif parselleri faktdriyel deneme desenine gore 4 tekerriirlii olarak
ylriitiilmiistiir. Arastirma sonuglarina gore; iki farkl toprak biinyesinde de 0.3 g/kg hidrojel dozu konusu 6n
plana ¢ikmistir. Hafif biinyeli toprakta kullanilan su miktar1 2013’ te 30409 M1, 2014’de 20221 Ml iken agir
biinyeli toprakta 2013 te 65160 M1, 2014° de 50194 M1’ dir. Hafif biinyeli toprakta 0.3 g/kg dozu ile %22—
38 oraninda su tasarrufu saglanirken, agir biinyeli toprakta fark istatistiksel olarak anlamli bulunmamustir.
Sonuglar, bu tiir polimerlerin 0Ozellikle hafif topraklarda su tasarrufuna katki saglayabilecegini
gostermektedir.

Anahtar Kelimeler: Polimer, su kullanim etkinligi, su tutma kapasitesi, su tutucu
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ABSTRACT

Increasing the oxygen concentration in irrigation water and the plant root zone is generally beneficial for
most plants, but the effects depend on the plant species, soil conditions, and the extent of oxygenation. Plant
roots require oxygen for aerobic respiration, which provides energy for nutrient uptake and growth. Higher
oxygen levels in the root zone can improve root health and metabolic efficiency. Also, in some cases, high
oxygen levels can alter soil microbial activity or chemical processes (e.g., oxidation of certain minerals),
potentially affecting nutrient availability. Other way, oxygen-rich environments enhance the absorption of
essential nutrients like nitrogen, phosphorus, and potassium, leading to better plant growth and yield. In
waterlogged or poorly aerated soils, low oxygen levels can cause root hypoxia (oxygen deficiency), leading
to root rot or reduced growth. High concentration of Oxygen in irrigation water or aerated root zones can
mitigate this. However, increased oxygen reduces the growth of anaerobic microorganisms that can harm
roots, such as certain fungi and bacteria. However, in some cases, high oxygen levels can alter soil microbial
activity or chemical processes (e.g., oxidation of certain minerals), potentially affecting nutrient availability.
The effect of hydrogen peroxide (H»O:) application with irrigation water in sugar beet production with
subsurface drip irrigation system was examined. As a result of the study, sugar beet yield increased by 10-
13% and purified sugar yield increased by 2-6%. At the end of the study, it was determined that H,O,
application with irrigation water caused an increase in both sugar beet yield and Purified Sugar Yield.

Keywords: Subsurface drip irrigation, H,O,, sugar beet, refined sugar yield
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OZET

Sulama suyundaki ve bitki kok bolgesindeki oksijen konsantrasyonunu artirmak genellikle ¢ogu bitki igin
faydalidir, ancak etkileri bitki tiiriine, toprak kosullarina ve oksijenlenme derecesine baglidir. Bitki kokleri,
besin alimi ve biiylimesi i¢in enerji saglayan aerobik solunum icin oksijene ihtiya¢ duyar. Kok bolgesindeki
daha yiiksek oksijen seviyeleri kok sagligini ve metabolik verimliligi iyilestirebilir. Ayrica, bazi durumlarda
yiiksek oksijen seviyeleri toprak mikrobiyal aktivitesini veya kimyasal siire¢leri (6rnegin, belirli minerallerin
oksidasyonu) degistirebilir ve potansiyel olarak besin bulunabilirligini etkileyebilir. Diger bir deyisle, oksijen
acisindan zengin ortamlar azot, fosfor ve potasyum gibi temel besin maddelerinin emilimini artirarak daha
iyi bitki biliylimesi ve verimine yol agar. Su dolu veya yetersiz havalandirilmis topraklarda, diisiik oksijen
seviyeleri kok hipoksisine (oksijen eksikligi) neden olabilir ve bu da kok ¢iiriimesine veya biiylimenin
azalmasina yol acabilir. Sulama suyunda veya havalandirilmis kok bolgelerinde yiiksek oksijen
konsantrasyonu bunu hafifletebilir. Ancak, artan oksijen, belirli mantarlar ve bakteriler gibi koklere zarar
verebilecek anaerobik mikroorganizmalarin biiylimesini azaltir. Ancak bazi durumlarda yiiksek oksijen
seviyeleri toprak mikrobiyal aktivitesini veya kimyasal siirecleri (6rnegin belirli minerallerin oksidasyonu)
degistirebilir ve potansiyel olarak besin bulunabilirligini etkileyebilir. Yiizey alt1 damla sulama sistemi ile
seker pancari liretimde sulama suyu ile hidrojen peroksit (H,O») uygulamasinin etkisi incelenmistir. Calisma
sonucunda sekerpancari verimi %10-13 ve aritilmis seker verimi %2-6 oraninda artig saglanmistir. Calisma
sonunda sulama suyu ile birlikte H>O, uygulamasinin hem seker pancari veriminde hem de Aritilmis Seker
Veriminde artisa neden oldugu belirlenmistir.

Anahtar Kelimeler: Yiizey alti damla sulama, H,O,, seker pancari, aritilmis seker verimi
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ABSTRACT

This study aimed to evaluate the effects of three different deficit irrigation levels on crop evapotranspiration
(Etc), yield, and quality parameters in eggplant (Solanum melongena L.) cultivated under semi-humid
climatic conditions. The research was conducted over two years at the Atatlirk Central Horticultural Research
Institute to investigate the relationships between varying deficit irrigation levels and yield components, and
to determine the most suitable irrigation 63orthwes 63orthwe crop. Full irrigation (100%) was used as the
control treatment, along with three deficit irrigation treatments (25%, 50%, and 75%). The effects of these
treatments on vegetative growth, fruit quality, and yield were assessed. It was observed that under deficit
irrigation conditions, the full irrigation (FI) treatment yielded the best results in terms of productivity. The
total applied irrigation water was 671 mm, and the seasonal crop evapotranspiration was determined as 770
mm. Results indicated that increasing water deficit led to reductions in fruit weight, fruit diameter, fruit
length, plant height, plant diameter, leaf area index, and brightness index. Conversely, certain quality
attributes such as soluble solids content, total anthocyanin, and browning index increased to varying degrees
under water-deficit conditions.

Keywords: Eggplant, deficit irrigation, crop evapotranspiration
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OZET

Bu ¢aligma, yar1 nemli iklim kosullarinda yetistirilen patlicanda (Solanum melongena L.) ii¢ farkh kisintil
sulama diizeyinin bitki su tiiketimi, verim ve kalite parametreleri {izerindeki etkilerini degerlendirmeyi
amaglamistir. Calismada farkli kisintili sulama diizeyinin verim ve verim bilesenleri arasindaki iligkileri
arastirmak ve bitkinin en uygun sulama programini belirlemek amaciyla Atatiirk Bahge Kiiltiirleri Merkez
Arastirma Enstitiisii’nde iki yilda yiiriitiilmistiir. Arastirmada tam sulama konusu (%100) ve buna bagh
olarak ii¢ farkli kisintili sulama konusunun (%25, %50 ve %75) vejetatif gelisme, meyve kalitesi ve verim
iizerine etkilerini belirleyerek, kisintili su kosullarinda patlicanda tam sulama (TS) konusunun verim
yoniinden en iyi sonuglar1 verdigi gozlenmistir. Aragtirma sonucunda uygulanan sulama suyu miktar1 671
mm, mevsimlik bitki su tiiketimi degeri 770 mm olarak bulunmustur. Arastirma sonucunda su kisit1 arttikca,
meyve agirligi, meyve ¢api, meyve boyu, bitki boyu, bitki ¢api, yaprak alan indeksi ve beyazlik indeksinin
azaldigl, suda ¢Oziinliir kuru madde miktari, toplam antosiyanin, kahverengilesme gibi bazi kalite
ozelliklerinde gesitli oranlarda arttig1 goriilmiistiir.

Anahtar kelimeler: Patlican, kisintili sulama, bitki su tiiketimi
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ABSTRACT

Nanotechnology offers innovative solutions for efficient water use and enhanced productivity in agricultural
irrigation practices. Nanomaterials improve irrigation system performance, reduce water losses, and support
plant growth due to their unique physical and chemical properties. Nanoparticles are used as carriers 65orthwe
slow and controlled release of water and plant nutrients. Nano-fertilizers (e.g., ZnO, TiOz, FesO4) enable
direct and efficient delivery of nutrients to leaves and roots, thereby minimizing over-fertilization and
associated groundwater pollution. Nanohydrogels can absorb and gradually release water during drought
periods. These polymer structures enhance soil water retention capacity. Membranes fabricated with
nanomaterials can purify irrigation water by removing salts, heavy metals, and pathogens. Nano-scale
sensors 65orthwe soil moisture, temperature, Ph, and nutrient levels in real time, enabling precise irrigation
decisions. These systems often integrate with the Internet of Things (IoT) to optimize automated irrigation
management. Nano-clay coatings or nano-silica-based films applied to soil surfaces reduce water loss
through evaporation. The use of nanomaterials in irrigation provides significant advantages for sustainable
water resource management, reduced input costs, and improved agricultural productivity. However, further
research and regulations are needed to address potential environmental impacts and toxicity risks.

Keywords: Nanoparticles, irrigation, agriculture
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OZET

Nanoteknoloji, tarimsal sulama uygulamalarinda suyun etkin kullanimi ve verimliligin artirilmasi igin
yenilik¢i ¢ozlimler sunmaktadir. Nanomalzemeler, fiziksel ve kimyasal oOzellikleri sayesinde sulama
sistemlerinin performansini gelistirmekte, su kayiplarini azaltmakta ve bitki gelisimini desteklemektedir.
Nanopartikiiller, bitki besin elementlerinin ve suyun yavas ve kontrolli salimini saglamak amaciyla tasiyici
olarak kullanilmaktadir. Ozellikle nano-giibreler (6r. ZnO, TiO2, FesO4) sayesinde besin maddeleri yapraklara
ve koklere dogrudan ve verimli sekilde iletilebilir. Bu sayede asir1 giibreleme ve buna bagli yer alt1 su kirliligi
azaltilmig olur. Nanohidrojeller, suyu absorbe edip kuraklik donemlerinde yavasca serbest birakma
kapasitesine sahiptir. Bu polimer yapilar topragin su tutma kapasitesini artirir. Nanomalzemelerle iiretilmis
membranlar kullanilarak sulama suyu tuzdan, agir metaller ve patojenlerden temizlenebilir. Nano 6l¢ekli
sensorler, toprak nemi, sicaklik, Ph ve besin seviyelerini ger¢ek zamanli izleyerek sulama kararlarinin hassas
bigimde verilmesini saglar. Bu sistemler genellikle IoT (Nesnelerin interneti) ile entegre ¢alisarak otomatik
sulama sistemlerinin yonetimini optimize eder. Toprak yiizeyine uygulanan nano-kil kaplamalar ya da nano-
silika bazli filmler, buharlagma ile su kaybin1 azaltmak i¢in kullanilmaktadir. Nano malzemelerin sulamada
kullanimu, su kaynaklarinin siirdiiriilebilir yonetimi, girdi maliyetlerinin diisiirilmesi ve tarimsal verimliligin
artirilmasi agisindan bilyilik avantajlar sunmaktadir. Ancak ¢evresel etkileri ve toksisite riskleri gdz 6nilinde
bulundurularak daha fazla arastirma ve diizenleme gerekmektedir.

Anahtar kelimeler: Nanopartikiil, sulama, tarim
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ABSTRACT

In this study, the effects of UHI (Urban Heat Island), which occurs with the population growth in cities, on
the agricultural areas of the city were investigated. 67orthwes purpose, the relationship between LST (Land
Surface Temperature), which is closely related to the UHI phenomenon, and the changes in NDVI, NDBI,
and LC (Land Cover) was investigated by remote sensing method. It was observed that the changes in these
parameters closely affect the agricultural areas. Algorithms were applied to the raw data of Landsat 8
OLI/TIRS and Landsat 7 ETM+ satellite images by utilizing ArcGIS 10.2 and QGIS 3.16 auxiliary programs.
The study area was determined as Bafra district, the central rural district and plain of Samsun province located
on the Black Sea coast of Turkey. It was determined that there was a 14.1% decrease in agricultural areas in
the Bafra district between 2000-2020. It was observed that this decrease was reflected as a 7.1% increase in
the built-up areas in the city center and a 7.33% increase in bare soil areas. When the effect of the decrease
in agricultural areas on the LST value is examined, it is seen that while the maximum LST was 41.75 °C in
2000, the maximum LST increased to 43.44 °C in 2020. It was observed that the increase in LST was in the
built-up area class. While the NDVI index decreased by 0.05 in 20 years in the study area, the NDBI index
increased by 0.03. As a result of the findings, the effect of the increase in UHI on agricultural areas was
quantitatively revealed.

Keywords: LST, Bafra plain, UHI, agricultural areas
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OZET

Calismada Kentlerde niifus artisi ile birlikte olusan KIA’nin (Kentsel Is1 Adasi), kentin tarim alanlarina varan
etkisi aragtirilmistir. Bu amagla KIA olgusu ile yakindan iligkili olan AY S nin (Arazi Yiizey Sicakligi), NDVI,
NDBI ve AO (Arazi Ortiisii) degisimi ile iliskisi uzaktan algilama yontemi ile incelenmistir. Bu
parametrelerdeki degisimin tarim alanlarini yakindan etkiledigi goriilmiistiir. Landsat 8 OLI/TIRS ve Landsat
7 ETM+ uydu goriintillerinin ham verilerine, ArcGIS 10.2 ve QGIS 3.16 yardimci programlarindan
faydalanilarak algoritmalar uygulanmistir. Calisma alani olarak, Tiirkiye’de Karadeniz kiyisinda yer alan
Samsun ilinin merkez kirsal il¢esi ve ovasi olan Bafra ilgesi belirlenmistir. 2000-2020 yillar1 arasinda Bafra
ilgesindeki tarim alanlarinda %14,1 oraninda azalma oldugu tespit edilmistir. Bu azalisin, kent merkezindeki
yapilasmus alanlara %7,1, ¢iplak toprak alanlara ise %7,33 oraninda artis olarak yansidigi goriilmistiir. Tarim
alanlarindaki azalisin AY'S degerine olan etkisine bakildiginda 2000 yilinda maksimum AY'S 41,75 °C iken,
2020 yilinda maksimum AY S’nin 43,44 °C’ye ¢iktig1 goriilmektedir. AYS’ igindaki artigin yapilagmis alan
sinifinda oldugu goriilmiistiir. Caligma alani genelinde 20 yilda NDVI indeksi 0,05 azalig gosterirken, NDBI
indeksi 0,03’liik artig gostermistir. Elde edilen bulgular sonucunda tarim alanlarina KIA artiginin etkisi nicel
olarak ortaya konulmustur.

Anahtar Kelimeler: AYS, Bafra ovasi, KIA, tarim alanlar
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ABSTRACT

Climate change has emerged as one of the most significant concerns 69orthwe future in contemporary
scientific discourse. This phenomenon contributes to the increasing frequency and severity of extreme events
such as droughts and floods, necessitating a more integrated approach to water resources management.
Accurate identification of drought trends is essential for managing the increasing risk of drought and
developing sustainable planning strategies. Given that drought is a slowly evolving hydrological process, its
monitoring and analysis gain critical importance. Such efforts play a fundamental role in mitigating the
impacts of drought and ensuring the long-term sustainability of water resources. In this study, it was aimed
to determine the potential trends in monthly average precipitation values 69orthwe period 1975-2022 at the
Ceyhan and Karatag meteorological stations. 69orthwes purpose, the Mann-Kendall rank correlation test was
applied to analyze the trends at both stations. At the Ceyhan station, a decreasing trend was observed in the
months of April-July and October—December, whereas an increasing trend was detected in the remaining
months. At the Karatas station, a statistically significant decreasing trend was particularly identified 69orthwe
month of October. When evaluated annually, both stations exhibited an overall decreasing trend in
precipitation.

Keywords: Drought trends, climate change, Mann-Kendall test, precipitation analysis
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OZET

Iklim degisikligi, giiniimiiz bilim diinyasinda gelecege yonelik en biiyiik endise kaynag1 olarak 6n plana
cikmaktadir. Bu durum, kuraklik ve tagkin gibi risklerin giderek artmasina yol agmakta ve su yonetimi
konusunda daha biitilinciil bir yaklagimin benimsenmesini tesvik etmektedir. Artan kuraklik riskinin yonetimi
ve siirdiiriilebilir planlamalar olusturulabilmesi i¢in dncelikle kuraklik egilimlerinin dogru bir sekilde tespit
edilmesi gerekmektedir. Kurakligin yavas ilerleyen hidrolojik bir siire¢ olmasi, izlenmesi ve analizi
konusundaki 6nemin altin1 ¢izmektedir. Bu tiir izleme ve analizler, kuraklik etkilerinin azaltilmasinda ve su
kaynaklarinin uzun vadeli korunmasinda temel bir rol oynamaktadir. Bu ¢alisma Ceyhan ve Karatag
istasyonlarina ait 1975-2022 yillar1 arasindaki aylik ortalama yagis degerlerinin olas1 gidisin belirlenmesi
amaglanmistir. Bu amagla 2 istasyona Mann- Kendall sira korelasyon testi kullanilarak incelenmistir. Ceyhan
istasyonun da Nisan-Temmuz ve Ekim-Aralik aylarinda azalma diger aylarda artma egilimi belirlenmistir.
Karatag istasyonunda ise Ozellikle Ekim aymmda onemli azalma egilimi tespit edilmistir. Yillik olarak
bakildiginda her iki istasyonda azalma egilimi ortaya ¢ikmuistir.

Anahtar kelimeler: Kurakhk egilimleri, iklim degisikligi, Mann-Kendall testi, yagis analizi
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ABSTRACT

In experimental studies to determine evaporation from water surfaces, the characteristics of factors
influencing evaporation were examined, and the factors affecting evaporation from reservoirs in various
regions of the southern territories were substantiated. The possibility of using data from nearby weather
stations to determine wind speed in reservoir areas and water surface layer temperature, when direct
observations at reservoirs are not conducted, has been established through correlation analysis. Based on
experimental studies, the method for determining water temperature in the surface layer of reservoirs has
been improved, taking into account the hydrometeorological and hydrological indicators of the reservoir area.
Comparison of the calculated values from other scientists for determining evaporation from the surface of
reservoirs and the data obtained from observations showed that the proposed calculation method yielded good
results. The difference between the data obtained from experimental studies and the calculated results was 6-
7%. A method for determining the amount of water lost to evaporation from reservoirs has been developed
based on changes in water level. It was found that evaporation accounts for 9.2% of the water volume in the
Talimarjan reservoir and 2.9% of the water volume in the Hisorak reservoir.

Keywords: Reservoir, water temperature, wind speed, evaporation, 71orthw of the reservoir (or
Reservoir capacity)
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OZET

Su yilizeyinden buharlasmay1 belirlemek igin yapilan deneysel calismalarda, buharlagmayi etkileyen
faktorlerin 6zellikleri incelenmis ve giiney bolgelerinin farkli alanlarindaki barajlarda buharlagmayi etkileyen
faktorler tespit edilmistir. Baraj bolgesindeki riizgr hizin1 ve su yiizeyindeki sicakligi belirlemek igin,
barajlarda dogrudan gézlem yapilmadigi durumlarda, yakininda bulunan meteoroloji istasyonunun verilerinin
kullanilabilirligi, korelasyon iliskisi yoluyla kanitlanmistir. Deneysel arastirmalara dayanarak, barajlarin
ylizey katmanindaki su sicaklifini belirleme yontemi, baraj bolgesinin hidrometeorolojik ve hidrolojik
gostergelerini dikkate alarak gelistirilmistir. Su rezervuarlarindaki su yiizeyinden gerceklesen buharlasmay1
belirlemek i¢in diger bilim insanlarmin hesaplama degerleri ve yapilan gézlemlerden elde edilen verilerin
karsilagtirilmasi, Onerilen hesaplama yonteminin iyi sonuglar verdigini gdstermistir. Deneysel
aragtirmalardan elde edilen veriler ile hesaplama sonuglarindan elde edilen veriler arasindaki fark %6-7
olarak tespit edilmistir. Su rezervuarlarindan buharlagma yoluyla kaybedilen su miktarini belirleme yontemi,
su seviyesindeki degisikliklere bagl olarak gelistirilmistir. Talimarjan rezervuarinin su hacminin %9,2’sini,
Hisorak rezervuarinin su hacminin %2,9’unu olusturdugu belirlenmistir.

Anahtar Kelimeler: Rezervuar, su sicakhgi, riizgar hizi, buharlasma, rezervuar hacmi (veya rezervuar
kapasitesi)
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ABSTRACT

Climate change is one of the most significant environmental factors directly affecting agricultural production.
Tiirkiye is among the regions most widely experiencing the impacts of global climate change. Viticulture,
which holds a prominent place in the country’s agricultural production, is affected by climatic changes in
various aspects. Factors such as rising temperatures, changes in precipitation regimes, and increased
frequency of extreme weather events influence numerous parameters, including grape yield, quality, and the
spread of pests and diseases. Recent studies on climate change have increasingly focused on trend analyses
of temperature and precipitation parameters, which exhibit significant temporal and spatial variability. The
objective of this study, conducted between 2021 and 2024 at the Manisa Viticulture Research Institute, is to
determine the trends of two important climate indices Huglin and Winkler derived based on air temperature
in vineyards. 73orthwes purpose, the presence of significant increasing or decreasing trends in these indices
was analyzed using the Innovative Trend Analysis (ITA) method for early (Spil Karas1), mid-season (Sultan
7), and late (Crimson Seedless) grape varieties. The ITA method was applied across three periods: 2021—
2022, 2021-2023, and 2021-2024 for both indices. According to the results, while no significant trend was
observed in the Huglin Index 73orthwe 2021-2022 period, a statistically significant increasing trend was
detected 73orthwe periods 2021-2023 and 2021-2024. In the case of the Winkler Index, statistically
significant trends were identified across all examined periods.

Keywords: Viticulture, Huglin index, Winkler index, innovative trend analysis
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OZET

Iklim degisikligi, tarimsal iiretimi dogrudan etkileyen en onemli cevresel faktdrlerden biridir. Tiirkiye,
kiiresel iklim degisikligine ait etkilerin yaygin olarak gériildiigii bdlgelerin basinda gelmektedir. Ulkenin
tarimsal {iretiminde 6nemli bir yere sahip olan bagcilik sektorii, iklimsel degisimlerden ¢esitli yonleriyle
etkilenmektedir. Sicaklik artislari, yagis rejimlerindeki degisiklikler ve ekstrem hava olaylarinin sikligindaki
artis gibi faktorlerle {iziim verimi, kalitesi, hastalik ve zararlilarin yayilimi gibi bir¢ok parametre
etkilenmektedir. Son zamanlarda iklim degisikligi ile ilgili yapilan ¢aligmalarda, hem zamansal hemde
mekansal biiyiik degisiklik gosteren yagis ve sicaklik parametrelerinin trend analizlerine odaklanilmaktadir.
Caligmanin temel amaci1 2021-2024 yillar1 arasinda Manisa Bagcilik Aragtirma Enstitlisii Miidiirliigiinde
yiiriitiilen ¢calismada baglarda hava sicakligina bagli olarak elde edilen 6nemli iklimsel gostergelerden Huglin
ve Winkler indekslerinin egilimlerinin belirlenmesidir. Bu amag¢ dogrultusunda erkenci (Spil Karasi),orta
(Sultan 7) ve gegci (Crimson Seedeless) cesitlerde, belirtilen indekslerde Onemli artis veya azalig
egilimlerinin olup olmadig1 Yenilik¢i Trend Analizi (YTA) testi ile analiz edilmistir. YTA testi, her iki indeks
icin 2021-2022, 2021-2023, 2021-2024 olmak iizere ii¢ periyot olacak sekilde uygulanmistir. Elde dilen
sonuglara gore Huglin indeksinde 2021-2022 yillarinda 6nemli bir egilim tespit edilmezken, 2021-2023 ve
2021-2024 yillar arasinda istatistiki anlamda artan bir egilim tespit edilmistir. Winkler indeksinde ise tiim
periyotlarda istatistiki anlamda 6nemli egilimler saptanmistir.

Anahtar Kelimeler: Bagcilik, Huglin Indeksi,Winkler Indeksi, Yenilik¢i Trend Analizi
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ABSTRACT

This study aims to determine the possible trend in seasonal total precipitation using both the Mann-Kendall
(MK) method and the recently proposed Innovative Trend Method (ITM). This new method was used to
analyze the trend of total seasonal rainfall data recorded at Anamur, Silifke, Erdemli, Mersin and Alanya
stations in the Mediterranean region. For comparison purposes, the well-known Mann-Kendall trend test was
also applied to the same data. According to the Mann-Kendall rank correlation results 75orthwe
Mediterranean region at 5 stations, it was determined that there will be a trend towards a decrease in
precipitation at all stations in the winter season and the 75orthwest of the decrease varies between -0.569 and
-3.035 mm/season. In the fall season, the increasing tendency value in Alanya station was found to be 1.716
mm/season, while the decreasing tendency in Erdemli station was found to be -0.347 mm/season. In the spring
season, Anamur station had the highest decreasing trend value (-0.693 mm/season), while Mersin station had
the highest increasing trend value with 0.305 mm/season. While an increasing trend was determined at Silifke
station in the summer season, the 75orthwest value of the trend was determined as 0.001. According to the
innovative trend analysis method, a decreasing trend was determined in low and high precipitation values at
Anamur and Silifke stations in the winter season. During the autumn season, there was an increase in low
precipitation values and a decrease in high precipitation values at the Mersin and Alanya stations. A decline
in precipitation values was observed at both the Anamur and Silifke stations during the spring season. The
findings of the study revealed a decreasing trend at Silifke station and an increasing trend at Mersin station
during the summer months. It can be posited that the results of the Sen method are more pronounced than the
MK test results; therefore, it is beneficial to observe the trends of the highest and lowest values.

Keywords: Mann-Kendall trend test, Sen’s innovative trend method, precipitation
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OZET

Bu ¢alisma, hem Mann-Kendall (MK) yontemini hem de yakin zamanda 6nerilen Yenilik¢i Egilim Y 6ntemini
(ITM) kullanarak mevsimsel toplam yagistaki olas1 egilimi belirlemeyi amaglamaktadir. Bu yeni yontem,
Akdeniz bolgesindeki Anamur, Silifke, Erdemli, Mersin ve Alanya istasyonlarinda kaydedilen toplam
mevsimsel yagis verilerinin egilimini analiz etmek i¢in kullanilmistir. Karsilagtirma amaciyla, ayn1 verilere
iyi bilinen Mann-Kendall egilim testi de uygulanmistir. Akdeniz bolgesi i¢in 5 istasyonda uygulanan Mann-
Kendall sira korlasyon sonuglarina gore Kis mevsiminde biitiin istasyonlarda yagislarda azalma yoniinde
gidisin olacagi ve azalmanin biiyiikliigiiniin ise -0.569 ile -3.035 mm/mevsim arasinda degistigi
belirlenmistir. Sonbahar mevsiminde Alanya istasyonunda gidislerde artma egilim degeri 1.716 mm/mevsim
olarak bulunmus, Erdemli istasyonunda ise azalma egilimi -0.347 mm/mevsim olarak tespit edilmistir.
IIkbahar mevsiminde Anamur istasyonu en fazla azalma egilim degerine (-0.693 mm/mevsim) sahip olurken,
artma egilim degeri en fazla 0.305 mm/mevsim ile Mersin istasyonu olmustur. Yaz mevsiminde Silifke
istasyonunda artma egilim belirlenirken, egilimin biiyiiklilk degeri 0.001 olarak tespit edilmistir. Yenilik¢i
trend analizi yontemine gore Kis mevsiminde Anamur ve Silifke istasyonlarinda diisiik ve yiiksek yagis
degerlerinde azalma egilimi belirlenmistir. Sonbahar mevsiminde Mersin ve Alanya istasyonlarinda diisiik
yagis degerlerinde artma, yiiksek yagis degerlerinde ise azalma belirlenmistir. Ilkbahar mevsiminde Anamur
ve Silifke istasyonlarinda tiim yagis degerlerinde azalma egilimi belirlenmistir. Yaz mevsiminde ise Silifke
istasyonunda azalma, Mersin istasyonunda ise artma egilimi belirlenmistir. Sen yonteminin sonuglarinin MK
test sonuclarina gore daha belirgin oldugu sdylenebilir; bu nedenle en yiiksek ve en diisiik deger egilimlerinin
gozlemlenmesine yardimeci olur.

Anahtar Kelimeler: Mann-Kendall trend testi, Sen’in yenilikc¢i trend yontemi, yagis
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ABSTRACT

In recent decades, long-term observations of the global climate system have indicated a marked upward trend
in average air temperatures, with minimum temperatures exhibiting a more rapid rate of increase compared
to maximum temperatures. This situation has led to noticeable shifts in the timing of frost events throughout
the year. Identifying changes in the duration of frost periods is critically important for enhancing adaptation
to climatic conditions in agricultural production and for minimizing frost-related damages. This study aims
to investigate the spatiotemporal changes of parameters (first frost day in autumn (FFD), last frost day in
spring (LFD) and frost- free season (FFS)) using 77orth minimum temperature data from 1980 to 2024 in the
Meric-Ergene Basin. Spatial distribution patterns were determined using the IDW (Inverse Distance
Weighted) method. Statistical significance of trends were assessed by non-parametric Mann-Kendall test and
magnitudes of trends were quantifed by Sen’s Slope Estimator. For series having significant serial correlation
at %S5 level and high coefficient of variation Trend-Free Prewhitening procedure were applied.

Keywords: Meric-Ergene basin, global warming, frost, Mann-Kendall test, Sen’s slope estimator
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OZET

Iklim sistemine iliskin uzun dénemli analizler, kiiresel ortalama sicakliklarin son yillarda artis yoniinde bir
egilim gosterdigini dogrulamaktadir. Ozellikle minimum sicakliklarda, maksimum sicakliklara gére daha
belirgin bir artis gozlemlenmektedir. Bu durum yil i¢inde don olaylarinin gerceklestigi tarih araliklarinda
degisiklige neden olmaktadir. Don donemlerinin siirelerindeki degisimlerinin belirlenmesi tarimsal {iretimde
iklim kosullarina uyumunun artirilmasi ve don kaynakli zararlarin azaltilmasi agisindan biiyiikk 6nem
tagimaktadir. Bu amagla, Merig-Ergene havzasinda 1980-2024 yillar1 arasinda giinliik minimum sicaklik
verileri kullanilarak sonbahar ilk don giinii (IDG), ilkbahar son don giinii (SDG) ve don olmayan dénem
(DOS) parametrelerinin mekansal ve zamansal degisimleri analiz edilmistir. Mekansal dagilimi IDW (Inverse
Distance Weighted) teknigiyle belirlenmistir. Zaman serilerindeki egilimlerin (trendlerin) énem diizeyi
Mann-Kendall testi, egilimlerin biiyiikliikleri ise Sen’in egim testi yontemleri kullanilarak belirlenmistir. Seri
korelasyon katsayisi %5 diizeyinde 6nemli olan ve yiiksek varyasyon katsayisi igeren serilere TFPW (Trend-
Free Prewhitening) siireci uygulanmistir.

Anahtar Kelimeler: Meri¢-Ergene havzasi, iklim degisikligi, don, Mann-Kendall testi, Sen’in egim testi
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ABSTRACT

Drought, which makes agricultural life difficult, affects all life. The importance of planning the irrigation
time and the amount of water given in the fight against the increasing drought in recent years is better
understood. In order to plants to show normal development, sufficient water must be in the soil in the plant
root zone during the growth season. Since each region receives different amounts of precipitation at different
times, the amount of water to be given to plants also varies from year by year. Precipitation amounts measured
at different time intervals are usually expressed as weekly, ten-day, monthly and annual totals. Long annual
average precipitation values are used when determining the capacities of irrigation systems in our country.
The use of long annual average precipitation values causes some problems. One of these problems is
preventing irrigation of the entire area to be irrigated and causing limited irrigation practice. Due to the
insufficient capacity of irrigation system in dry years. This situation causes decreases of the agriculture
mcomes, obtained from irrigated areas. In order to solve the emerging those problems, reliable precipitation
values of the region are needed to determine the capacity of irrigation systems and to establish the most
efficient irrigation programs in many countries. Obtained reliable precipitation values, at the result of the
analyzed of meteorological data can be used in the design and operation of irrigation systems, thereby
increasing their performance. In this study, dependable rainfall values calculated and drought analysis has
been made, according to data of meteorological stations in Yalova city located. The dependable rainfall values
were determined from rainfall values between 1991-2024 years, by RAINBOW software. Accordingly, in
the last 34-year period in Yalova, 7 years have been rainy and 6 years have been dry. Precipitation is 860,5
mm and above in a rainy year, and 613,0 mm and below in a dry year.

Keywords: Reliable rainfall, drought analysis, rainfall analysis, rainbow
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OZET

Tarimsal hayat1 zora sokan kuraklik tiim yasami etkilemektedir. Son yillarda artan kuraklikla savasta sulama
zamaninin planlanmasinin ve verilen su miktarinin 6nemi daha iyi anlagilmaktadir. Bitkilerin normal gelisme
gosterebilmeleri igin biliylime mevsimi boyunca bitki kdk bolgesindeki toprakta yeterli diizeyde suyun
bulunmasi gerekmektedir. Her bolgeye farkli miktarlarda ve farkli zamanlarda yagis diistiiglinden dolayt,
bitkilere verilecek su miktar1 da yildan yila degisiklik gosterir. Degisik zaman araliklarinda olciilen yagis
miktarlar1 genellikle haftalik, on giinliik, aylik ve yillik toplam olarak ifade edilir. Ulkemizde, sulama
sistemlerinin kapasiteleri belirlenirken uzun yillik ortalama yagis degerleri kullanilmaktadir. Uzun yillik
ortalama yagis degerlerinin kullanilmasi bazi sikintilara yol agmaktadir. Bu sorunlardan bir tanesi kurak
yillarda sulama sistemlerinin kapasitesinin yetersiz kalmasiyla birlikte, sulanacak alaninin tamaminin
sulanmasim engellemekte ve kisintili sulama uygulamasina yol agmaktadir. Bu durum sulu tarim alaninda
elde edilen gelirin azalmasina neden olmaktadir. Ortaya ¢ikan bu sorunlari ¢ézmek lizere birgok iilkede
sulama sistemlerinin kapasitelerinin belirlenmesinde ve isletilmesinde en verimli programlarin
olusturulabilmesi i¢in s6z konusu bolgeye ait giivenilir yagis degerlerine ihtiya¢ duyulmaktadir. Analiz
sonucunda elde edilen giivenilir yagis degerleri sulama sistemlerinin projelenmesi ve isletilmesi
caligmalarinda kullanilarak performanslarinin arttirilmasi saglanabilmektedir. Bu calismada, Yalova ili
meteoroloji istasyonlarindan elde edilen verilere gore, giivenilir yagis degerlerinin belirlenmesi ile kuraklik
analizi yapilmaya c¢aligilmistir. Giivenilir yagis degerleri 1991-2024 yillar1 arasindaki yagis degerlerinden
RAINBOW yazilim programi kullanilarak belirlenmistir. Buna gore Yalova’da son 34 yillik siiregte 7 yil
yagisl, 6 yil ise kurak gecmistir. Yagislt bir yilda 860,5 mm ve iistiinde yagis, kurak bir yilda ise 613,0 mm
ve altinda yagis beklenmektedir.

Anahtar Kkelimeler: Giivenilir yagis, kuraklhik analizi, yagis analizi, rainbow

80



ICASI 2025
3. ULUSLARARASI & 16. ULUSAL TARIMSAL YAPILAR VE SULAMA KONGRESI
24-27 HAZIRAN 2025

WATER SCARCITY AND IRRIGATION WATER MANAGEMENT IN OIC COUNTRIES

Dr. Moynul AHSAN
Researcher

The Statistical, Economic and Social Research and Training Centre for Islamic Countries (SESRIC)

ABSTRACT

Water scarcity is an escalating challenge for the 57 OIC member countries, particularly those in arid and
semi-arid regions with limited renewable water resources. Diverse climates, geographies, ecosystems, and
levels of economic development contribute to significant disparities in water availability, infrastructure, and
management capacity across the member countries. This paper examines the current state of water scarcity
in OIC countries, with a focus on irrigation water management in agriculture -the largest water-consuming
sector. Projections indicate that by 2040, water demand in most OIC countries will increase by 1.4 to 1.7
times or more, with water stress levels rising by at least 1.4 times. Currently, 80% of the total area equipped
for irrigation relies on surface irrigation- the least water-efficient method compared to sprinkler and localized
systems. The study highlights key challenges including rising water stress, climate change impacts, inefficient
irrigation practices, low water use efficiency, and weak governance structures. Despite the adoption of various
policies and strategies, many OIC countries continue to face socio-economic, institutional, political, financial,
and technological barriers that hinder progress towards sustainable water, agriculture and irrigation water
management. Emphasizing the OIC Water Vision as a framework for collective action, the paper recommends
strengthening institutional and technical capacities, promoting climate-smart irrigation and agriculture,
investing in water-efficient technologies, reforming water governance, and fostering regional cooperation and
knowledge sharing. These actions aim to alleviate water scarcity, improve agricultural productivity, and
advance sustainable development aligned with OIC and UN SDG goals.

Keywords: Water scarcity, irrigation water management, OIC countries, OIC water vision
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OZET

Su kitlig1, 6zellikle yenilenebilir su kaynaklarimin sinirli oldugu kurak ve yar1 kurak bolgelerde yer alan 57
[T iiyesi iilke igin giderek biiyiiyen bir sorundur. Uye iilkeler arasinda iklim, cografya, ekosistem ve
ekonomik kalkinma diizeylerindeki farkliliklar; su kaynaklarinin mevcudiyeti, altyapt durumu ve yonetim
kapasitesinde &nemli esitsizlikler yaratmaktadir. Bu calisma, IiT iilkelerindeki su kithgmin mevcut
durumunu, suyun en ¢ok tiiketildigi sektor olan tarimdaki sulama suyu yoOnetimine odaklanarak
incelemektedir. Ongoriilere gore, 2040 yilina kadar ¢ogu IiT iilkesinde su talebinin 1,4 ila 1,7 kat artmas1 ve
su stresi seviyelerinin en az 1,4 kat yilikselmesi beklenmektedir. Giiniimiizde sulanan arazilerin yaklagik
%80’1, yagmurlama ve lokalize sulama sistemlere kiyasla en az su verimliligi diisiik olan ylizey sulama
yontemleriyle sulanmaktadir. Calismada; artan su stresi, iklim degisikligi, verimsiz sulama uygulamalari,
diisiik su kullanim1 verimliligi ve yetersiz yonetisim gibi baslica sorunlar vurgulanmaktadir. Cesitli politika
ve stratejilerin benimsenmesine ragmen, birgok IiT iilkesi sosyo-ekonomik, kurumsal, siyasal, finansal ve
teknolojik engeller nedeniyle siirdiiriilebilir su, tarim ve sulama yonetiminde sinirli ilerleme kaydetmektedir.
IIT Su Vizyonu’nun ortak eylem i¢in sundugu ¢erg¢evenin Snemine dikkat ¢eken ¢alisma; kurumsal ve teknik
kapasitelerin artirilmasi, iklim dostu sulama uygulamalarinin tesvik edilmesi, su verimliligi yiiksek
teknolojilere yatirim yapilmasi, yoOnetisim yapilarmin gili¢lendirilmesi ve bolgesel is birligi ile bilgi
paylagiminin artirilmasi yoniinde Oneriler sunmaktadir. Bu tedbirler, su kithigin1 hafifletmeyi, tarimsal
verimliligi artirmay1 ve Islam Isbirligi Teskilati ve BM Siirdiiriilebilir Kalkinma Hedefleri ile uyumlu
stirdiiriilebilir kalkinmayi ilerletmeyi amaglamaktadir.

Anahtar kelimeler: Su kithg1, sulama suyu yénetimi, IiT iilkeleri, IiT su vizyonu
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ABSTRACT

This study assesses reference evapotranspiration (ET,) using historical meteorological data from Adana,
Tiirkiye, during periods 1960—2024. The Penman—Monteith method was applied at a monthly scale, utilizing
only monthly climatic inputs, and the resulting ET, estimates were compared against those derived from
83orth cumulative data. Statistical analyses, including Pearson’s correlation and paired t-tests, indicated no
statistically significant difference between the two approaches. The monthly ET, values calculated from
monthly climatic data closely aligned with those from the 83orth-based method, exhibiting a high correlation
coefficient (r = 0.99) and a mean difference of —0.92 mm. These results demonstrate that, in the absence of
83orth climatic records, the Penman—Monteith method using monthly inputs provides a reliable alternative
for estimating monthly ET,. The findings underscore the method’s applicability in regions with long-term but
coarse-resolution data and offer valuable implications for water resource management and agricultural
planning.

Keywords: Reference Evapotranspiration (ET,), climate variability, planning of irrigation systems,
water resources management
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OZET

Bu c¢alisma, 1960-2024 donemine ait Tiirkiye’nin Adana meteoroloji istasyonunda gozlenen tarihsel
meteorolojik veriler kullanarak referans evapotranspirasyon (ET,) tahminlerini degerlendirmektedir.
Arastirmada, Penman-Monteith yontemiyle yalnizca aylik iklim verileri kullanilarak aylik dlgekte ET,
tahminleri yapilmig; bu tahminler, giinliik kiimiilatif veriler kullanilarak elde edilen ET, hesap sonuclartyla
karsilastirilmistir. Pearson korelasyonu ve eslestirilmis t-testleri dahil olmak tizere istatistiksel analizler, iki
yaklasim arasinda istatistiksel olarak anlamli bir fark olmadigin1 gostermistir. Aylik iklim verilerinden
hesaplanan ET, degerleri, giinlik hesaplanan ET, degerlerinin yigistirllmasiyla elde edilen aylik ET,
degerleriyle uyumlu bulunmustur. Elde edilen ET, serileri arasinda yiiksek korelasyon (r = 0.99) tespit edilmis
ve ortalama fark —0.92 mm bulunmustur. Bu sonuglar, giinliik iklim kayitlarinin bulunmadigi durumlarda,
aylik ortalamalar kullanilarak Penman-Monteith yontemiyle ET,’in giivenle kestirilebilecegine isaret
etmistir. Bulgular, yontemin uzun vadeli ancak kaba ¢oziniirlikli verilerin bulundugu bdlgelerde
uygulanabilirligini vurgulamakta; su kaynaklari yonetimi ve tarimsal planlama igin Onemli sonuglar
sunmaktadir.

Anahtar kelimeler: Referans Evapotranspirasyon (ET,), iklim degiskenligi, sulama sistemlerinin
planlanmasi, su kaynaklar1 yonetimi
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ABSTRACT

Constructed wetlands, as Nature-based solutions, use natural biochemical and physical processes to treat
wastewater. Numerous studies worldwide emphasize that they are widely used to improve water quality by
treating wastewater from municipal, industrial, agricultural, and stormwater sources. Climate change affects
the environment in the Danube River Basin in many different ways, and given that constructed wetlands are
Nature-based solutions, it is important to analyze how weather conditions influence their performance. This
study analyzes future weather projections under climate change and their potential impact on constructed
wetlands (CWs) in Glozan, Serbia. Key climate indices were assessed: cold days (cd10), ice days (id), intense
drought frequency (SPEI6..s < -1.282), heat wave length (hwfid), and days with precipitation >20 mm (rr20).
Results show fewer cold (75 vs. 107) and ice days (5 vs. 17), but more heat wave days (38 vs. 7), droughts
(17 vs. 4), and heavy rain days (7 vs. 2) in 2041-2100 compared to 1971-2000. CWs are expected to perform
better in colder months but face challenges in warmer periods. This study highlights the importance of
investigation and preparation for future weather conditions under climate change pressure, because this
approach provides an opportunity for proper adaptation strategies and plans for site-specific micro-locations
of constructed wetlands.

Keywords: Climate change, constructed wetlands, 85orthw-based solutions, water quality
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OZET

Yapay sulak alanlar, doga temelli ¢oziimler kapsaminda, atik suyu aritmak amaciyla dogal biyokimyasal ve
fiziksel siirecleri kullanan sistemlerdir. Diinyanin birgok yerinde yapilan ¢alismalar, bu sistemlerin kentsel,
endistriyel, tarimsal ve yiizeysel akis kaynakli atik sularin aritilmasi yoluyla su kalitesini iyilestirmek
amactyla yaygin olarak kullamldigin1 vurgulamaktadir. Iklim degisikligi, Tuna Nehri Havzasi’ndaki gevresel
kosullar1 farkli sekillerde etkilemektedir ve yapay sulak alanlarin doga temelli ¢éziimler arasinda yer almasi
nedeniyle, hava kosullarinin bu sistemlerin performansi iizerindeki etkilerinin analiz edilmesi 6nem arz
etmektedir. Bu calismada, Sirbistan’in Glozan bolgesindeki yapay sulak alanlarin iklim degisikligi altindaki
gelecekteki hava projeksiyonlaria bagli olarak nasil etkilenebilecegi incelenmistir. Bu kapsamda bazi temel
iklim indeksleri degerlendirilmistir: soguk giin sayis1 (cd10), buzlu giin sayisi (id), siddetli kuraklik siklig:
(SPEI6avg < -1.282), sicak hava dalgasi siiresi (hwfid) ve 20 mm’den fazla yagish giin sayist (rr20). 2041—
2100 donemi, 1971-2000 ile karsilagtirildiginda daha az soguk giin (75’e kars1 107) ve buzlu giin (5’e kars1
17), ancak daha fazla sicak hava dalgasi giinii (38’¢ kars1 7), kuraklik (17’ye karsi 4) ve siddetli yagish giin
(7’ye kars1 2) ongoriilmektedir. Yapay sulak alanlarin soguk mevsimlerde daha iyi performans gostermesi
beklenirken, sicak donemlerde gesitli zorluklarla kars1 karsiya kalabilecegi dngoriilmektedir. Bu calisma,
iklim degisikliginin etkisi altindaki gelecekteki hava kosullarina yonelik arastirma ve hazirligin 6nemini
vurgulamakta; yerel diizeyde yapay sulak alanlara 6zel uyum stratejilerinin ve planlarinin gelistirilmesine
olanak tanmimaktadir.

Anahtar kelimeler: Iklim degisikligi, yapay sulak alanlar, doga temelli ¢oziimler, su Kkalitesi
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ABSTRACT

Evapotranspiration is a crucial element of the hydrological cycle, directly affecting water resource availability
and the sustainability of agricultural systems, whether they are irrigated or rain-fed. Understanding its long-
term variability is essential for developing effective climate adaptation and water resources management
strategies. This study investigates historical trends in reference evapotranspiration (ET,) at the Adana
meteorological station, situated in a semi-arid region of Tiirkiye, utilizing monthly climate records from 1960
to 2024. The standardized FAO Penman—Monteith method was employed to estimate ET, based on observed
meteorological variables. Temporal trends were assessed at monthly, seasonal, and annual scales using the
non-parametric Mann—Kendall test, while Sen’s slope estimator was applied to quantify the 87orthwest of
changes. Research results revealed statistically significant increasing trends in ET, during April, July,
October, and December, and decreasing trends in January, June, August, September, and November. At the
seasonal scale, ET, exhibited declining trend behavior in winter, summer, and autumn, despite an overall
increasing trend on an annual basis. These findings reflect the impact of climate change on evapotranspiration
and emphasize the importance of long-term monitoring to guide water resource management and climate-
resilient agricultural planning.

Keywords: Reference evapotranspiration, climate-resilient planning, trend analysis, climate
variability
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OZET

Buharlagma-terleme, hidrolojik dongiiniin kritik bir unsurudur ve sulanan ya da kuru tarim sistemlerinin
stirdiiriilebilirligi ile su kaynaklarmin mevcudiyetini dogrudan etkiler. Uzun vadeli degiskenliginin
anlasilmasi, etkili iklim uyum stratejileri ve su kaynaklar1 yonetimi igin biiyilk 6nem tagimaktadir. Bu
caligma, Tiirkiye’nin yar1 kurak bir bolgesinde yer alan Adana meteoroloji istasyonundaki referans
evapotranspirasyon (ET,) degerlerinin tarihsel egilimlerini, 1960-2024 donemine ait aylik iklim kayitlarini
kullanarak incelemektedir. Gozlemlenen meteorolojik degiskenlere dayanarak ET, tahmininde
standartlagtirilmis FAO Penman—Monteith yontemi kullanilmistir. Zamansal egilimler, parametrik olmayan
Mann—Kendall testi ile aylik, mevsimlik ve yillik 6l¢eklerde degerlendirilmis, degisimlerin biiyiikligii ise
Sen egim tahmincisi ile belirlenmistir. Arastirma sonuglari, Nisan, Temmuz, Ekim ve Aralik aylarinda Eto’da
istatistiksel olarak anlamli artis egilimleri, Ocak, Haziran, Agustos, Eyliil ve Kasim aylarinda ise azalis
egilimleri oldugunu ortaya koymustur. Mevsimlik 6l¢ekte, kis, yaz ve sonbahar mevsimlerinde ET, azalan
egilim gostermistir; ancak yillik bazda genel olarak artan bir egilim gdzlenmistir. Bu bulgular, iklim
degisikliginin buharlagma-terleme iizerindeki etkisini yansitmakta ve uzun doénemli izlemelerin, su
kaynaklar1 yonetimi ile iklim direngli tarimsal planlama agisindan dnemini vurgulamaktadir.

Anahtar Kelimeler: Referans evapotranspirasyon, iklim direncli planlama, egilim analizi, iklim
degiskenligi
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ABSTRACT

In this study, a comparative performance analysis of the widely used drought indices Standardized
Precipitation Index (SPI), Standardized Precipitation-Evaporation Index (SPEI), Palmer Drought Severity
Index (PDSI), self-calibrating Palmer Drought Severity Index (SC-PDSI) was conducted. The objective was
to determine the most appropriate drought index for evaluating sunflower (Helianthus annuus L.) yield for
three important agricultural provinces (Kirklareli, Edirne, Tekirdag) in the Thrace Region of 89orthwestern
Turkey and to reveal the vulnerability of sunflower production to climate change with climate projections
(RCP 4.5). Curvilinear regression-based crop yield models based on drought indices were developed for each
province. The index that best explained yield variability in years with high drought risk was SC-PDSI with
75.4% for Kirklareli province. In Edirne and Tekirdag provinces, PDSI showed the best performance,
reaching r’values of 71.3% and 69.2%, respectively. Considering the spatial resolution of the regional climate
model, the vulnerability of sunflower yield to future drought conditions according to RCP 4.5 projections
was evaluated for Kirklareli and Edirne provinces. In years with high drought risk, the expected sunflower
yield loss was estimated as 0.32 tons/ha in Kirklareli and 0.25 tons/ha in Edirne. In years with low drought
risk, the expected yield loss in Edirne was 0.09 tons/ha, while a slight yield loss of 0.08 tons/ha was predicted
in Kirklareli. These findings point to the importance of region-specific drought monitoring tools and adaptive
crop management strategies for climate change adaptation in the Thrace Region.

Keyword: Sunflower, climate change, drought indices, Thrace
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OZET

Bu calismada, yaygin olarak kullanilan kuraklik indislerinin Standardize Yagis indisi (SPI), Standardize
Yagis-Buharlasma Indisi (SPEI), Palmer Kuraklik Siddeti Indisi (PDSI), kendini kalibre eden Palmer
Kurakhik Siddeti Indisi (SC-PDSI) karsilastirmali bir performans analizi yapilmistir. Amag, kuzeybati
Tirkiye’de yer alan Trakya Bolgesi’ndeki i¢ 6nemli tarim ili (Kirklareli, Edirne, Tekirdag) igin aygigegi
(Helianthus annuus L.) verimini degerlendirmede en uygun kuraklik indisini belirlemek ve iklim
projeksiyonlariyla (RCP 4,5), aycicegi tiretiminin iklim degisikligine kars1 kirilganligini ortaya koymaktir.
Her bir il i¢in kuraklik indislerine dayali egrisel regresyon temelli {iriin verim modelleri gelistirilmistir.
Yiiksek kuraklik riski tastyan yillarda verim degiskenligini en iyi agiklayan indis, Kirklareli ili i¢in %75,4 ile
SC-PDSI olmustur. Edirne ve Tekirdag illerinde ise en iyi performans1 PDSI gdstermis olup, sirasiyla %71,3
ve %69,2 oranlarinda r? degerlerine ulagmigtir. Bolgesel iklim modelinin mekénsal ¢oziiniirliigii dikkate
alimarak, RCP 4,5 projeksiyonlarima gore aygicegi veriminin gelecekteki kuraklik kosullarina kars
kirilganlhigr Kirklareli ve Edirne illeri 6zelinde degerlendirilmistir. Yiiksek kuraklik riski tagiyan yillarda,
beklenen aygigegi verim kaybi Kirklareli’nde 0,32 ton/ha, Edirne’de ise 0,25 ton/ha olarak tahmin edilmistir.
Diistik kuraklik riski tasiyan yillarda ise Edirne’de beklenen verim kaybi 0,09 ton/ha iken, Kirklareli’nde 0,08
ton/ha’lik hafif bir verim kaybi 6ngoriilmiistiir. Bu bulgular, Trakya Bolgesi’nde iklim degisikligine uyum
kapsaminda bolgeye 6zgl kuraklik izleme araglarinin ve uyarlanabilir liriin yonetim stratejilerinin 6nemine
isaret etmektedir.

Anahtar Kelime: Aycicegi, iklim degisikligi, kurakhk indisleri, Trakya
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ABSTRACT

The increasing population in the world and Tiirkiye affects the urban and industrial use of water. The increasing water
demand in other sectors mostly causes the water used in agriculture to decrease. This necessitates more efficient and
economical use of existing water resources. Therefore, the use of low-pressure irrigation systems that save irrigation
water is recommended. The most efficient and sustainable water use irrigation method is the subsurface drip irrigation
method. In addition to the many advantages of the subsurface drip irrigation method, it also allows air application to the
plant root zone together with irrigation water. In this study, air injection was applied to sugar beet irrigated with the
subsurface drip irrigation system and the effects on plant quality parameters were investigated. The study was carried
out for 2 years according to the randomized block split plot experimental design with 4 replications. The experiment
was planned to have 2 main subjects (with and without air injection) and 4 irrigation water levels (125%, 100%, 75%
and 50% of cumulative ETc). In the first year of the experiment, 405.7-168.3 mm and in the second year, 430.7-172.3
mm irrigation water was applied. Seasonal plant water consumption was calculated as 591.4-471.6 mm and 598-455.3
mm in air injection applications and 674.3-450.4 mm and 685.4-461.5 mm in non-air injection applications. In the study,
it was seen that air application was significant on sugar content (p<0.05) and sugar content was obtained between 22.4%-
17.5% in air injection applications and 21%-17.4% in non-air injection applications.

Keywords: Air injection, polar sugar presence, sugar beet, subsurface drip irrigation
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OZET

Diinya ve Tiirkiye'de her gecen giin artan niifus, suyun kentsel ve endiistriyel kullanimim etkilemektedir.
Diger sektorlerdeki artan su ihtiyaci, cogunlukla tarimda kullanilan suyun azalmasina neden olmaktadir. Bu
da mevcut su kaynaklarinin daha etkin ve ekonomik kullanimini zorunlu hale getirmektedir. Bu nedenle,
sulama suyundan tasarrufu saglayan diisiikk basingli sulama sistemlerinin kullanimi 6nerilmektedir. Etkin ve
siirdiiriilebilir su kullaniminda en yiiksek randiman saglayan sulama yontemlerinin basinda yiizeyalti damla
sulama yontemi gelmektedir. Yiizeyalt1 damla sulama ydnteminin bir¢ok avantajmin yani sira bitki kok
bolgesine sulama suyu ile birlikte hava uygulamasina da olanak saglamaktadir. Bu ¢calismada, ylizeyalti damla
sulama sistemi ile sulanan seker pancarina sulama suyu ile hava enjeksiyonu uygulanmis ve bitki kalite
parametreleri lizerine etkileri incelenmistir. Calisma tesadiif bloklar1 boliinmiis parseller deneme desenine
gore 4 tekerriirlii olarak 2 yil boyunca yiiriitiilmiistiir. Deneme 2 ana konu (hava enjeksiyonlu ve hava
enjeksiyonsuz) ve 4 sulama suyu seviyesi (birikimli ETc’nin %125, %100, %75 ve %50’si) olacak sekilde
planlanmistir. Denemenin ilk yilinda 405.7-168.3 mm, ikinci yilinda ise 430.7-172.3 mm arasinda sulama
suyu uygulanmistir. Mevsimlik bitki su tiiketimi yillara gore hava enjeksiyonu uygulanan konularda 591.4-
471.6 mm ve 598- 455.3 mm, hava enjeksiyonu uygulanmayan konularda ise 674.3-450.4 mm ve 685.4-
461.5 mm arasinda hesaplanmistir. Arastirmada hava uygulamasinin seker orani iizerinde énemli oldugu
goriilmiis (p<0.05) ve hava enjeksiyonlu konuda %22.4-%17.5, hava enjeksiyonsuz konuda ise %21-%17.4
arasinda seker orani elde edilmistir.

Anahtar Kelimeler: Hava enjeksiyonu, polar seker varhg, seker pancari, yiizeyalti damla sulama
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ABSTRACT

This research was carried out on Talat Demirdren research area of GAP Agricultural Research Institute
between 2017-2019 in order to establish an irrigation program for cotton plants irrigated with subsurface drip
irrigation system, to determine the irrigation water requirement, plant water consumption, water use
efficiency, and the effects of irrigation on yield and quality. The study was designed as randomized completed
block with three repetitions and four subjects. Subjects were applied as S1(%100), where the missing moisture
of the 0-60 cm soil profile is complemented to the field capacity, and S2(%80), S3(%60) and S4(%40) were
irrigated respectively %80, %60 and %40 amount of full irrigated subject. Laterals were installed as one
lateral to the plant row, 70 cm interval and 40 cm deep from the soil surface. In the statistical evaluations
calculated between irrigation subjects and yield, a difference of 0.01 error level was found between subjects.
The highest yields were obtained from Si, S, S3 and S4, respectively, in every three years in which the
experiment was conducted. As a result of the average of three years, the change in the amount of irrigation
water for S; according to the subject of S| decreased by %20, the plant water consumption value was %17
and the yield was %5, for the S; the change in the amount of irrigation water is %40, the plant water
consumption value was %34 and the yield was %7. and Sa, the change in irrigation water amount decreased
by % 60, plant water consumption value decreased by % 49 and efficiency by % 33.The amount of irrigation
water applied in the study was 959 mm for S;, 767 mm for S», 576 mm for S; and 384 mm for S4, plant water
consumption values were found respectively as 1098, 915, 721 and 556 mm and average yield values 577,
546, 534 and 387 kg.

Keywords: Cotton, subsurface drip irrigation, water consumption, yield
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OZET

Bu aragtirma, yiizeyalt damla sulama sistemi ile sulanan pamuk bitkisinin sulama programinin olusturulmasi,
sulama suyu gereksinimi, bitki su tiikketimi, su kullanim randimani, sulamanin verim ve kalite iizerindeki
etkilerinin belirlenmesi amaciyla 2017-2019 yillar1 arasinda GAP Tarimsal Arastirma Enstitli Miidiirligi
Talat Demiroren arastirma alaninda yiiriitiilmiistiir. Calisma tesadiif bloklar1 deneme deseninde ii¢ tekerriirlii
ve 4 konu olarak planlanmistir. Konular 0-60 cm toprak profilinin eksik neminin tarla kapasitesine
tamamlandig1 tam su konusu Si(%100), tam sulanan konunun S (%80), S3 (%60) ve S4 (%40) olarak
uygulanmigtir Lateraller her bitki sirasina bir lateral olacak sekilde 70 cm aralikla ve toprak yiizeyinden 40
cm derinlige yerlestirilmigtir. Sulama konular1 ile verim arasinda yapilan istatistik degerlendirmelerde
konular arasinda 0.01 hata seviyesinde farklilik bulunmustur. Denemenin yiiritildiigi her ii¢ yilda da
sirastyla en yiiksek verimler S, Sz, S3 ve S4 konularindan elde edilmistir. Ug yilin ortalama sonucunda S;
konusuna gore S, konusunda sulama suyu miktarinda degisim % 20 bitki su tiiketim degeri % 17 verim ise
% 5 oraninda azalis,S; konusunda sulama suyu miktarinda degisim % 40, bitki su tiiketim degeri % 34 verim
ise % 7 oraninda azalig ve S4 konusunda sulama suyu miktarinda degisim % 60 , bitki su tiiketim degeri %
49 verim ise % 33 oraninda azalis gdstermistir. Aragtirmada uygulanan sulama suyu miktar1 {i¢ yilin
ortalamasina gore S; 959 mm, S, 767 mm, S; 576 mm ve S4384 mm, bitki su tilketim degerleri ise 1098, 915,
721 ve 556 mm, ortalama verim degerleri 577, 546, 534 ve 387 kg/da olmustur.

Anahtar Kkelimeler: Pamuk, yiizeyalti damla sulama, su tiiketimi, verim
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ABSTRACT

Recent global droughts have increased interest in irrigation and water management in agriculture. Efforts are
being made to produce more food using less water without damaging soil fertility. Subsurface drip irrigation,
one of the newest and most advanced irrigation methods, is an example of an efficient irrigation technology
that provides benefits in solving the problem of excess water use in agricultural irrigation. The main objective
of this research is to optimize water use in silage corn for subsurface drip irrigation system and for this
purpose, three different water applications (50%, 100% and 120%) were made. The study was carried out for
3 years as a field study with 3 replications according to the split-plot trial design in randomized blocks in the
Aksu Campus Application Field of the Western Mediterranean Agricultural Research Institute. The highest
values of green grass yield in 2022 were determined as 9245, 10952 and 8523 kg da™!, and in 2023, 9310,
11233 and 8753 kg da’!, respectively. In addition, plant weight, leaf weight and leaf area index values were
also determined in the study.

Keywords: Subsurface drip irrigation, silage corn, crop water consumption
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OZET

Son zamanlarda kiiresel olarak yasanan kurakliklar, tarimda sulama ve su yonetimine olan ilgiyi artirmaktadir. Daha az
su kullanarak, toprak verimliligini bozmadan daha fazla gida {iretmek i¢in ¢aba harcanmaktadir. Gelismis ve en yeni
sulama yontemlerinden biri olan yiizeyalt: damla sulama uygulamalari bu tarimsal sulamada fazla su kullanimina iligkin
problemin ¢éziimiinde fayda saglayan verimli sulama teknolojisine bir 6rnek olugturmaktadir. Bu arastirmanin temel
amaci, yiizeyalt: damla sulama sistemi i¢in silajlik misirda su kullanimini optimize etmektir ve bunun igin ti¢ farkli su
uygulamasi (%50, %100 ve %120) yapilmistir. Calisma Bat1 Akdeniz Tarimsal Arastirma Enstitiisii Aksu Yerleskesi
Uygulama Arazisinde tesadiif bloklarinda boliinmiis parseller deneme desenine gore 3 tekrarli arazi calismasi olarak 2
yil siireyle yiiriitiilmiistiir. 2022 yilinda yesil ot verimi en yiiksek degerleri sirastyla 9245, 10952 ve 8523 kg da™!, 2023
yilinda ise 9310, 11233 ve 8753 kg da™! olarak tespit edilmistir. Ayrica ¢alismada, bitki agirhigi, yaprak agirligi, yaprak
alan indeksi degerleri de belirlenmistir.

Anahtar kelimeler: Yiizeyalti damla sulama, silajlik misir, bitki su tiiketimi
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ABSTRACT

Soybean is a crop with high water consumption and sensitivity to water availability. Water stress in soybean
cultivation can lead to significant yield losses. Moreover, different levels of deficit irrigation can result in
noticeable yield variations. This study was conducted in 2024 at the Tarsus Soil and Water Resources
Department of the Alata Horticultural Research Institute to determine the effects of three different irrigation
levels (Ligo: Full irrigation, Igs: Application of 66% of the full irrigation water amount, Is3: Application of 33%
of the full irrigation water amount) on the yield of soybean irrigated by a drip system. The amount of irrigation
water applied to the full irrigation treatment was calculated based on the water needed to replenish the soil
moisture deficit in the 60 cm root zone to field capacity at 7-day irrigation intervals. The effect of irrigation
levels on yield was found to be statistically significant, with yield decreasing as the irrigation water amount
decreased. Soybean yields were determined as 506 kg da™* for L1009, 435 kg da™* for Ies, and 334 kg da™* for Iss.
Compared to the full irrigation treatment, yields were 14% and 34% lower in the 166 and 133 treatments,
respectively.

Keywords: Deficit irrigation, soybean, yield
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OZET

Soya bitkisi su tiiketimi yiiksek ve suya duyarli bir bitkidir. Soya bitkisinde su stresi dnemli verim kayiplarina
neden olmaktadir. Bununla birlikte, kisintili sulama uygulamalari1 sonucunda verimde belirgin farkliliklar
gostermektedir. Bu calisma, damla sulama ile sulanan soyada 3 farkli sulama diizeyinin (I100: Tam sulama,
Iss: Tam sulama konusuna uygulanan suyun %66’s1 kadar su uygulamasi, [33: Tam sulama konusuna
uygulanan suyun %33’ii kadar su uygulamasi) verime etkisini belirlemek amaci ile 2024 yilinda Alata Bahge
Kiiltiirleri Arastirma Enstitiisiit Miidiirligi Tarsus Toprak ve Su Kaynaklar1 Boliimii’nde yiiriitiilmistiir. Tam
sulama konusuna uygulanan sulama suyu miktari, 7 giin sulama araliginda 60 cm bitki kok bolgesindeki eksik
nemin tarla kapasitesine tamamlanmasi i¢in gereken miktar dikkate alinarak belirlenmistir. Sulama
diizeylerinin verime etkisi istatiksel olarak énemli bulunmus, sulama suyu miktarinin azalmasi ile verimde
de azalmalar belirlenmistir. Soya verim degerleri 1100, Iss ve 133 konularinda sirasiyla 506 kg da™!, 435 kg da™!
ve 334 kg da’! olarak belirlenmistir. 1,00 konusuna kiyasla Iss ve I33 konularinda sirasiyla %14 ve %34 daha
diisiik verimler elde edilmistir.

Anahtar kelimeler: Kisintih sulama, soya, verim
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ABSTRACT

Due to increasing temperature and drought on a global scale, agricultural water use has become more
important. In this study, the effects of partial root drying and conventional deficit irrigation practices on
growth, yield, some quality criteria and nutrient uptake in lettuce cultivation were investigated. In the study,
different amounts of irrigation water were applied to lettuce plants using conventional farmer's irrigation,
conventional deficit irrigation and partial root drying techniques. Irrigation water levels were determined as
125%, 100%, 75% and 50%. Evaporation values measured from Class-A Pan were used for irrigation water
levels. According to the results of the study, yield, some growth parameters, color, mineral nutrient contents
and lettuce water analysis values showed different results under different irrigation treatments and irrigation
water levels. Yield values varied between 3.50-3.67 kg/m?. Partial root drying treatments were more effective
in mineral nutrient contents for lettuce plants. Since lettuce is a highly water-sensitive plant, water deficit
caused problems in yield and some growth criteria under irrigation conditions. However, partial root drying
treatments showed positive effects on plant mineral nutrient contents and some quality parameters.

Keywords: Deficit irrigation, partial root drying, yield
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OZET

Kiiresel dlgekte artan sicaklik ve kuraklik nedeniyle tarimsal su kullanimi daha da 6nem kazanmistir. Bu
calismada, yar 1slatmali sulama ve geleneksel kisintili sulama uygulamalarinin marul yetistiriciliginde
bliylime, verim, bazi kalite kriterleri ve bitki besin maddesi alimi tizerindeki etkileri aragtirilmistir. Calismada;
geleneksel ¢iftgi sulama uygulamasi, geleneksel kisintili sulama ve yari 1slatmali sulama teknikleriyle farkli
miktarlarda sulama suyu marul bitkisine uygulanmistir. Sulama suyu diizeyleri ise %125, %100, %75 ve %50
olarak belirlenmistir. Sulama suyu diizeyleri i¢in A-Sinifi Buharlasma Kabr’indan 6lgiilen buharlagma
degerleri kullanilmistir. Arastirma sonuglarina gore farkli sulama uygulamalar1 ve sulama suyu diizeyleri
altinda; verim, kimi biiylime parametreleri, renk, mineral besin icerikleri ve marul suyu analizi degerleri farkl
sonuglar ortaya koymustur. Verim degerleri 3.50-3.67 kg/m? arasinda de@ismistir. Yar1 1slatmali sulama
uygulamalari marul bitkisi i¢in mineral besin igeriklerinde daha etkili olmustur. Marul, yiiksek su
hassasiyetine sahip bir bitki oldugundan, su eksikligi sulama kosullarinda verim ve baz1 biiylime kriterlerinde
sorunlara yol agmistir. Ancak, Yari 1slatmali sulama uygulamalar bitki mineral besin igerikleri ve bazi kalite
parametreleri {izerinde olumlu etkiler gdstermistir.

Anahtar kelimeler: Kisintili sulama, verim, yari islatmah sulama
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ABSTRACT

In recent years, agriculture has become increasingly important due to the effects of climate change and the
global economic crisis. In order to increase agricultural production and ensure its sustainability, it is necessary
to ensure the effectiveness and efficiency of production factors. One of the most important factors in
achieving this is irrigation. Irrigation is one of the most important factors that ensure the continuity and
profitability of agricultural production. It provides high efficiency by increasing the effectiveness of other
production factors; thus, it has an important share in increasing the production value. The increase in
production value in agriculture depends on the increase in irrigated areas and the product obtained from the
unit area. Therefore, when dry farming or fallow applications are applied or left empty in the areas opened to
irrigation, a loss of production value occurs. The aim of this study is to reveal the above-mentioned production
value losses for the lands in the Kumkale Plain of Canakkale province. The material of the study consists of
the reports titled “DSI-Operated and Transferred Irrigation Facilities Assessment Report” and “DSI-
Constructed and Put into Operation Irrigation and Marsh Improvement Facilities Crop Count Results” for the
years 2019-2023. According to the results obtained, there is a total production value loss of $17,401,187 due
to dry farming, leaving empty and fallowing in irrigated lands in the six years considered.

Keywords: Irrigation, irrigation management, plant production value
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OZET

Son yillarda iklim degisikligi ve kiiresel ekonomik krizin etkisi ile tarim gittikce daha da 6nem kazanmigtir.
Tarimsal {iretimin arttirilabilmesi ve stirdiiriilebilirliginin saglanabilmesi i¢in iiretim faktdrlerinin etkinliginin
ve verimliliginin saglanmasi gerekmektedir. Bunun saglanmasinda en énemli faktorlerden biri de sulamadir.
Sulama, tarimsal iiretimin siirekliligini ve karliligin1 saglayan en 6nemli faktorlerden biridir. Diger {iretim
faktorlerinin etkinligini arttirarak yiiksek verim alimmasinmi saglar dolayisiyla iiretim degerinde artig
saglanmasinda 6nemli paya sahiptir. Tarimda iiretim degerinin artmasi, sulanan alanlarin ve birim alandan
alman iirlin artigina baglidir. Dolayisiyla sulamaya agilan alanlarda, kuru tarim ya da nadas uygulamasi
yapildiginda ya da bos birakildiginda iiretim degeri kayb1 meydana gelmektedir. Bu ¢aligmanin amaci,
Canakkale ili Kumkale Ovasinda bulunan araziler i¢in yukarida belirtilen {iretim deger kayiplarinin ortaya
konulmasidir. Calismanin materyalini 2019-2023 aras1 yillara ait “DSi’ce Isletilen ve Devredilen Sulama
Tesisleri Degerlendirme Raporu” ile “DSI’ce Insa Edilerek Isletmeye Agilan Sulama ve Bataklik Islahi
Tesisleri Mahsul Sayimm Sonuglar1” adli raporlar olusturmaktadir. Elde edilen sonuglara gore, ele alinan alt1
yilda sulanabilen arazilerde, kuru tarim yapilmasi, bos birakilmasi ve nadasa birakilmasindan dolay1 toplam
17.401.187 § tiretim degeri kayb1 s6z konusudur.

Anahtar kelimeler: Sulama, sulama isletmeciligi, bitkisel iiretim degeri
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ABSTRACT

Sustainable use of water resources is crucial for agricultural production, especially in arid and semi-arid
regions. This study evaluated the use of treated domestic wastewater in processing pepper (Capsicum annuum
L., Yalova Yaglik 28) cultivation under three irrigation methods—subsurface drip, drip, and furrow—based
on field trials conducted between 2013 and 2015. Irrigation was applied up to field capacity when available
water content decreased by 30% in drip and subsurface drip methods, and by 50% in furrow irrigation. In
each method, both treated wastewater and groundwater were used; in 2015, total irrigation water ranged from
600 to 700 mm. The highest fruit yield (48.2 t/ha), fruit width (50.74 mm), and water productivity (6.1 kg/m?)
were obtained with the combination of subsurface drip irrigation and treated wastewater. Treated wastewater
increased yield by up to 12% compared to groundwater. While vitamin C and dry matter content were
generally similar between water sources, in drip irrigation, groundwater resulted in significantly higher
vitamin C (145.5 mg/100 g) compared to treated wastewater (127.4 mg/100 g). No adverse effects of treated
wastewater were observed on soil or plant growth. The results demonstrate that treated wastewater can be
effectively used with appropriate irrigation methods to support sustainable agriculture.

Keywords: Treated wastewater, pepper, irrigation method, yield, quality, water productivity

103



ICASI 2025
3. ULUSLARARASI & 16. ULUSAL TARIMSAL YAPILAR VE SULAMA KONGRESI
24-27 HAZIRAN 2025

ARITILMIS EVSEL ATIK SU iLE BiBER SULAMASINDA KULLANILAN SULAMA
YONTEMLERININ VERIM VE KALIiTE ACISINDAN DEGERLENDIRILMESI

Dr. Perihan TART AKAP!
Uluslararas1 Tarimsal Arastirma ve Egitim Merkezi, Izmir, Tiirkiye
ORCID: 0000-0002-2369-4880
perihan.tariakap@tarimorman.gov.tr

Prof. Dr. Serafettin ASIK?
Ege Universitesi, Ziraat Fakiiltesi, Tarimsal Yapilar ve Sulama Boliimii, Izmir, Tiirkiye
ORCID: 0000-0002-5888-8829

OZET

Kurak ve yari kurak bolgelerde su kaynaklarinin siirdiiriilebilir kullanimi biiyiik 6nem tagimaktadir. Bu
calismada, 2013-2015 yillar1 arasinda yiiriitiilen tarla denemeleriyle, aritilmig evsel atik suyun salcalik biber
(Capsicum annuum L., Yalova Yaglik 28) iiretiminde yiizey alt1 damla, damla ve karik sulama yontemleriyle
kullanimi degerlendirilmistir. Sulamalar, damla ve ylizey alt1 damla yontemlerinde elverisli nem %30, karikta
%50 azaldiginda tarla kapasitesine tamamlanacak sekilde yapilmistir. Her yontemde aritilmig atik su ve kuyu
suyu ayr1 ayri kullanilmig; 2015 yilinda toplam sulama suyu miktart 600—700 mm arasinda degismistir. En
yiiksek meyve verimi (48,2 t/ha), 50,74 mm meyve eni ve 6,1 kg/m? su verimliligi, aritilmis atik su + yiizey
altt damla sulama kombinasyonunda elde edilmistir. Aritilmis suyla verimde %12 artig saglanmigtir. C
vitamini ve kuru madde oranlar1 genelde benzer olsa da damla sulamada kuyu suyu ile sulanan {iriinlerde
daha yiiksek C vitamini (145,5 mg/100 g) tespit edilmistir. Aritilmis atik suyun toprak ve bitki gelisimine
olumsuz etkisi gézlenmemistir.

Anahtar kelimeler: Aritilmis atik su, salcalik biber, sulama yontemi, verim, kalite, su verimliligi
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ABSTRACT

Traditional field production systems are threatened by the destruction caused by egocentric thinking. The
deterioration of soil and water resource quality and the increasing number of urban areas cause the supply-
demand balance in agricultural products to deteriorate. Soilless agriculture, an agricultural production system,
is preferred because of factors such as climate stress, soil quality, protection against pests and diseases, water
conservation, and area efficiency. It has also been adopted as a significant advantage in sustainable
agricultural initiatives. Soilless agriculture separates crop cultivation from soil and provides precise control
over plant nutrient and water use. They are categorized as substrate-based solid media and water-based
systems, with different design requirements, nutrient management strategies, and product compatibility. In
these systems, the use of treated wastewater or low-quality water as irrigation water provides two-sided
environmental benefits. While the treatment cost decreases, plant nutrients, such as nitrogen/phosphorus, are
utilized. Sustainability of resources is an integral element of urban development. In addition to the cultivation
of basic and local food products, soilless agricultural systems can be used in landscape areas. In this study, a
systematic review of the existing literature was conducted to determine the suitability of the water quality of
the Beytepe Reservoir, which is in the Class III water category according to the salinity classification of the
US Salinity Laboratory located on the campus of the Turkish National Botanical Garden Directorate, for
soilless agriculture, vertical gardening, and water-based landscape plant cultivation.

Keywords: Ecology, water resource management, soilless agriculture
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OZET

Geleneksel tarla iiretim sistemleri, egosantrik diisiince neticesinde olusan tahribatlar tarafindan tehdit
edilmektedir. Toprak ve su kaynaklari kalitesinin kotiilesmesi ve kentsel alanlarin giin gectikge artryor olmast,
tarim {rilinlerinde arz-talep dengesinin bozulmasina sebep olmaktadir. Tarimsal {iretim sistemlerinden bir
tanesi olan topraksiz tarim, basta iklim stresi olmak iizere toprak kalitesi, zararlilara ve hastaliklara karsi
koruma, su tasarrufu, alan verimliligi vb. nedenlerden dolayi tercih edilmektedir. Ayrica siirdiiriilebilir tarim
girisimlerinde biiyiik bir avantaj saglayici olarak benimsenmektedir. Topraksiz tarim, mahsul yetistiriciligini
topraktan ayirarak, bitki besin elementleri ve su kullanimi {izerinde hassas kontrol saglar. Farkli tasarim
gereksinimlerine, besin yonetimi stratejilerine, {irlin uyumluluguna sahip substrat tabanli kat1 ortam ve su
temelli sistemler olarak kategorize edilmektedir. Bu sistemlerde sulama suyu olarak aritilmig atik suyun veya
diisiik kaliteli sularin kullanilmasi ¢ift yonlii ¢evresel faydalar saglamaktadir. Aritma maliyeti diiserken,
azot/fosfor gibi bitki besin elementlerinden faydalanilmaktadir. Kaynaklarin siirdiiriilebilirligi kentsel
gelisimin ayrilmaz bir unsurudur. Temel ve yerel gida iiriinlerinin yetistiricili§inin yani sira, peyzaj
alanlarinda da topraksiz tarim sistemleri kullanilabilmektedir. Bu ¢aligmada mevcut literatiiriin sistematik bir
incelemesi yapilarak Tiirkiye Milli Botanik Bahgesi Midiirliigii yerleskesinde yer alan ABD tuzluluk
laboratuvari tuzluluk siniflamasina gore III. Smif su kategorisinde bulunan Beytepe Goleti su kalitesinin
topraksiz tarim, dikey bahgecilik ve su temelli peyzaj bitkisi yetistiriciligine uygunlugu incelenmistir.

Anahtar kelimeler: Ekoloji, su kaynag: yonetimi, topraksiz tarim

106


mailto:fatma_ozkay@yahoo.com
https://orcid.org/0000-0003-0219-5860?lang=en

ICASI 2025
3. ULUSLARARASI & 16. ULUSAL TARIMSAL YAPILAR VE SULAMA KONGRESI
24-27 HAZIRAN 2025

DETERMINATION IRRIGATION WATER QUALITY OF HASANAGA POND IN BURSA
PROVINCE (TURKIYE)

Dr. Cayan ALKAN
Bilecik Seyh Edebali University, Faculty of Agriculture and Nature Sciences,
Department of Biosystems Engineering, Bilecik, Tiirkiye
ORCID: 0000-0002-4574-448X
cayan.alkan@pbilecik.edu.tr

ABSTRACT

Global freshwater scarcity is caused by the increasing demand for water for agricultural production. Irrigation
water quality can directly affect crop yield. Most of the water in Tiirkiye is used for agricultural irrigation.
Irrigation planning varies depending on water quality. In particular, the usage of poor quality water through
surface irrigation increases the damage. Hasanaga Pond was built on Hasanaga Creek in Bursa between 1978-
1985 for irrigation purposes. The pond is exposed to pollutants and industrial wastes from agricultural areas.
Therefore, this research will be useful in terms of classifying and monitoring possible pollution in terms of
agriculture, identifying problems and mitigation of pollution. Especially Na, K, Ca, Mg ions have high
salinity formation potential. The results of a study on water quality in the pond in winter showed the relative
cation concentrations to be Ca>K>Na>Mg=B, and anions as CO3;>CI>HCO3;>SO4. In summer, the relative
concentrations were different for both cations (Na>K>Mg>Ca=B) and anions (SO4>CO3;>HCO;>Cl). The
results in terms of quality classification for agricultural irrigation indicates a slight problem of salinity. SAR
values changed from 0.05 to 4.5 and the Na% values changed from from 22.5 to 58%. These results mean
that the water quality of the pond is not problematic in general in terms of agricultural usage. It is
recommended the results are taken on board by farmers in the region make their agricultural plannig.

Keywords: Agricultural water quality index, Hasanaga pond, Na% index, sodium adsorption rate
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OZET

Kiiresel tatli su kitligi, tarimsal {liretim igin suya olan talebin artmasindan kaynaklanmaktadir. Sulama suyu
kalitesi, liriin verimini dogrudan etkilemektedir. Tiirkiye'deki suyun ¢ogu tarimsal sulamada kullanilmaktadir.
Sulama planlamasi, su kalitesine bagli olarak degismektedir. Ozellikle yiizey sulama yoluyla kalitesiz su
kullanimi1 zarar artirmaktadir. Hasanaga Géleti; 1978-1985 yillart arasinda, Bursa'daki Hasanaga Deresi
tizerinde, sulama amagli inga edilmistir. Golet, tarim alanlarindan gelen kirleticilere ve endiistriyel atiklara
maruz kalmaktadir. Bu nedenle, bu arastirma tarim agisindan olasi kirliligin siniflandirilmasi ve izlenmesi,
sorunlarin belirlenmesi ve kirliligin azaltilmasi agisindan yararh olacaktir. Ozellikle Na, K, Ca, Mg iyonlari
yiiksek tuzluluk olusturma potansiyeline sahiptir. Golet su kalitesinin kig aylarindaki sonuglari, bagil katyon
konsantrasyonlarinin Ca>K>Na>Mg=B, anyonlarin ise COs;>CI>HCO3;>S0O4 oldugunu gostermistir. Yaz
aylarinda, bagil konsantrasyonlar hem katyonlar (Na>K>Mg>Ca=B) hem de anyonlar (SO4s>CO;>HCO3>Cl)
icin farkli olmustur. Tarimsal sulama ig¢in kalite siniflandirmasi agisindan elde edilen sonuglar, hafif bir
tuzluluk sorununa isaret etmektedir. SAR degerleri 0,05 ile 4,5 arasinda ve %Na degerleri %22,5 ile %58
arasinda degismistir. Bu sonuglar, goletin su kalitesinin tarimsal kullanim agisindan, genel olarak sorunlu
olmadig1 anlamina gelmektedir. Bolgedeki ciftgilerin tarimsal planlamalarini yaparken bu sonuglari dikkate
almalar1 dnerilmektedir.

Anahtar kelimeler: Tarimsal su kalite indeksi, Hasanaga goleti, %Na indeksi, sodyum adsorpsiyon
oram

108


mailto:cayan.alkan@bilecik.edu.tr

ICASI 2025
3. ULUSLARARASI & 16. ULUSAL TARIMSAL YAPILAR VE SULAMA KONGRESI
24-27 HAZIRAN 2025

USE OF TREATED WASTEWATER FOR SAFE AND SUSTAINABLE IRRIGATION: YIELD,
QUALITY, AND MICROBIAL RISK ASSESSMENT IN PROCESSING PEPPER

Dr. Perihan TARI AKAP!
International Agricultural Research and Training Center, Izmir, Tiirkiye
ORCID: 0000-0002-2369-4880

perihan.tariakap@tarimorman.gov.tr

Prof. Dr. Serafettin ASIK?
Ege University, Faculty of Agriculture, Department of Farm Structures and Irrigation, Izmir, Tiirkiye
ORCID: 0000-0002-5888-8829

ABSTRACT

This study aimed to evaluate the effects of using treated domestic wastewater in processing pepper (Capsicum
annuum L., Yalova Yaglik 28) production under different irrigation methods in terms of yield, quality, and
microbial risk. Field trials were conducted from 2013 to 2015, comparing subsurface drip, drip, and furrow
irrigation. Subsurface drip irrigation consistently maintained the lowest average E. coli contamination in
fruits (<3.4x10" c¢fu/100 g), while the highest level was recorded in 2014 under furrow irrigation (5.6x10?
cfu/100 g). Salmonella was detected in soil and fruit samples during the first two years but was absent in the
final year. No protozoa or helminth eggs were found in any samples. In 2015, the highest fruit width (50.74
mm) and total yield (48.2 t/ha) were achieved with the combination of subsurface drip irrigation and treated
wastewater. While quality parameters were generally similar across water sources, drip irrigation with
groundwater resulted in significantly higher vitamin C content (145.5 mg/100 g) compared to treated
wastewater (127.4 mg/100 g). Overall, the findings demonstrate that subsurface drip irrigation combined with
treated wastewater can enhance yield and quality while minimizing microbial risks, thus contributing to safe
and sustainable agricultural practices.

Keywords: Treated wastewater, processing pepper, microbial risk, yield, subsurface drip irrigation,
food safety
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OZET

Bu calisma, aritilmig evsel atik suyun salgalik biber (Capsicum annuum L., Yalova Yaglik 28) {iretiminde
farkli sulama yontemleriyle kullaniminin verim, kalite ve mikrobiyal risk agisindan etkilerini
degerlendirmeyi amaglamigtir. 2013-2015 yillar1 arasinda yiiriitiilen ii¢ yillik denemelerde yiizey alt1 damla,
damla ve karik sulama yontemleri karsilagtirilmigtir. Yiizey alti damla yontemi, li¢ yillik ortalamada meyvede
en diisiik E. coli kontaminasyonunu (<3,4x10" cfu/100 g) saglamis; en yiiksek deger ise 2014’te karik
sulamada (5,6x10° cfu/100 g) tespit edilmistir. Salmonella ilk iki yilda baz1 6rneklerde saptanmis, son yilda
tespit edilmemistir. Protozoa ve helmint yumurtasina higbir 6rnekte rastlanmamistir. 2015 verilerine gore,
aritilmis atik su ile yiizey alt1 damla sulamada en yiiksek meyve eni (50,74 mm) ve toplam verim (48,2 t/ha)
elde edilmistir. C vitamini igerigi agisindan sadece damla sulamada kuyu suyuyla sulanan meyveler anlamli
diizeyde daha yiiksek bulunmustur (145,5 mg/100 g vs. 127,4 mg/100 g). Sonuglar, aritilmig atik suyun yiizey
alt1 damla sulama ile birlikte kullaniminin hem verim ve kaliteyi artirdigint hem de mikrobiyal riski azaltarak
giivenli liretim sagladigini gostermektedir.

Anahtar kelimeler: Aritilmis atik su, salcalik biber, mikrobiyal risk, verim, yiizey alti damla sulama,
gida giivenligi
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ABSTRACT

The aim of this study was to evaluate the effects of azelaic acid (AzA) priming on germination of cucumber
seeds under salt stress conditions. The study was conducted according to a complete randomized experimental
design with five different salinity levels (0 mM NaCl; (control: pure water), 20 mM, 40 mM, 60 mM and 80
mM NaCl) and 3 different doses of AzA (0 mM, 0.25 mM, 0.5 mM) with 3 replicates. Cucumber variety
Beith Alpha was used as plant material. Germination and some growth parameters (germination rate, radicle
length, fresh weight, dry weight, salt tolerance index, root length, shoot length) were determined. According
to the results of analysis of variance, the effect of AzA pretreatment on salt tolerance index and shoot length
of cucumber was found to be insignificant, while it affected radicle length, fresh weight, dry weight and root
length (p < 0.01). NaCl levels significantly affected all parameters except dry weight (p < 0.01). When AzA
x NaCl effects were evaluated together, salt tolerance index (p < 0.01) was affected at different levels of
significance, while other parameters were not significantly affected. AzA priming at the dose of 0.25 mM
was prominent in many parameters. As a result, it can be stated that under salt stress conditions, when AzA
is used at the appropriate dose, it has a positive effect on germination ability. AzA application can be
recommended for different plants grown in areas with salinity problems, with the idea that it would be useful
to examine whether it supports plant growth by priming and foliar applications in the later period.

Keywords: AzA, priming, salinity stress
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OZET

Bu calismada, azelaik asit (AzA) 6n uygulamasinin tuz stresi kosullarindaki hiyar tohumlarinin ¢imlenmesi
tizerindeki etkilerinin degerlendirilmesi amaglanmistir. Aragtirma, tam sansa bagli deneme desenine gore, bes
farkli tuzluluk diizeyinde (0 mM NaCl; (kontrol: saf su), 20 mM, 40 mM, 60 mM ve 80 mM NaCl) ve 3 farkli
dozda AzA (0 mM, 0.25 mM, 0.5 mM) uygulamasi, 3 tekerriirli olarak yiiriitilmustiir. Bitkisel materyal
olarak hiyar ¢esidi Beith Alpha kullanilmistir. Calismada ¢imlenme ve bazi gelisim parametreleri (cimlenme
orani, radikula uzunlugu, yas agirlik, kuru agirlik, tuz tolerans indeksi, kok uzunlugu, siirgiin uzunlugu)
saptanmistir. Varyans analiz sonuclarma gore, hiyarda AzA 6n uygulamasinin tuz tolerans indeksi ve siirgiin
uzunluguna etkisi 6nemsiz bulunurken; radikula uzunlugu, yas agirlik, kuru agirlik ve kdk uzunluguna etki
etmistir (p < 0.01). NaCl seviyeleri kuru agirlik disinda tiim parametreleri 6nemli diizeyde etkilemistir (p <
0.01). AzA x NaCl etkileri birlikte degerlendirildiginde; tuz tolerans indeksi (p < 0.01) farkli dnemlilik
diizeylerinde etkilenmis olup, diger parametrelerde onemli diizeyde bir etki gozilkmemektedir. AzA 6n
uygulamasi 0.25 mM dozda bir¢cok parametreye gore 6n plana ¢ikmaktadir. Sonugta, tuz stresi kosullarinda,
AzA ‘nin uygun dozda kullanildiginda, ¢imlenme kabiliyetine olumlu yansidig: ifade edilebilir. Tuzluluk
sorunu yasanan alanlarda yetistirilen farkli bitkiler i¢in, priming ve ileri donemde yapraktan uygulamalarla,
bitki gelisimini destekleyip desteklemediginin incelenmesinin faydali olacagi diisiincesiyle, AzA uygulamasi
Onerilebilir.

Anahtar Kelimeler: AzA, 6n uygulama, tuzluluk stresi
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ABSTRACT

As a consequence of global climate change, the Balkan region—part of the broader Mediterranean area—is
facing increasingly frequent extreme weather events. Among them, droughts pose a serious threat to
agriculture and ecosystems. This study investigates the occurrence and duration of extreme droughts in the
Balkans from 1950 to 2024, using the Consecutive Dry Days (CDD) index—a widely used drought indicator
that measures the duration of dry spells. Daily precipitation data from the E-OBS gridded dataset (0.25°
resolution) was analyzed. CDD events were identified using the Theory of Runs, with extremes defined as
periods of at least 15 consecutive days without rainfall—a threshold critical for crop health. The frequency
of these events was modeled with the Poisson distribution, while maximum durations were modeled using
the Gumbel distribution. The highest drought frequency was found in Central Macedonia (Greece,
Chalkidiki) and northeast Bulgaria, where the 5-year return period (T5) predicts 9 events annually, and the
100-year return period (T100) up to 14. The most severe droughts were observed in southern Greece
(Peloponnese), with dry spells reaching 140 days at TS5 and up to 290 days at T100. These results emphasize
the urgent need for adaptive water management and drought preparedness in the Balkans.

Keywords: Balkan region, consecutive dry days, drought, theory of runs
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OZET

Kiiresel iklim degisikliginin bir sonucu olarak, Akdeniz havzasinin bir pargasi olan Balkan bolgesi giderek
daha sik goriilen asir1 hava olaylarina maruz kalmaktadir. Bu olaylar arasinda kuraklik, tarim ve ekosistemler
acisindan ciddi bir tehdit olusturmaktadir. Bu ¢alismada, 1950-2024 yillar1 arasinda Balkanlar'da meydana
gelen agirt kurakliklarim sikliglr ve siiresi, yagissiz donemlerin uzunlugunu 6lgen yaygin bir kuraklik
gostergesi olan Ardisik Yagissiz Giinler (Consecutive Dry Days, CDD) indeksi kullanilarak incelenmistir.
Analizlerde 0.25° ¢oziiniirlige sahip E-OBS 1zgaral1 giinliik yagis verileri kullanilmistir. CDD olaylari, Art
Arda Gelen Olaylar Kurami (Theory of Runs) temel alinarak belirlenmis; asir1 olaylar, en az 15 giin boyunca
hi¢ yagis alinmayan donemler olarak tanimlanmistir. Bu esik, tarimsal iiriin saglig1 agisindan kritik kabul
edilmektedir. Olaylarin yillik frekanst Poisson dagilimi, maksimum siireler ise Gumbel dagilimi ile
modellenmistir. En yiiksek kuraklik frekansinin Yunanistan’in Orta Makedonya (Halkidiki) bdlgesi ile
Bulgaristan’in kuzeydogusunda gerceklestigi belirlenmistir; burada 5 yillik tekerriir siiresinde (T5) yilda
ortalama 9, 100 yillik siirede (T100) ise yilda 14’e kadar yagigsiz donem ongoriilmektedir. En uzun siireli
yagigsiz donemler ise Yunanistan'in giineyindeki Mora Yarimadasi'nda gézlenmis; burada TS5 igin 140 giine,
T100 i¢in ise 290 giine kadar ulasan yagigsiz donemler belirlenmistir. Elde edilen bulgular, Balkanlar'da
uyarlanabilir su yonetimi stratejileri ve kuraklik hazirlik planlarimin gelistirilmesi gerekliligini ortaya
koymaktadir.

Anahtar Kelimeler: Balkan bolgesi, ardisik yagissiz giinler, kuraklik, art arda gelen olaylar kuram
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ABSTRACT

Soil organic carbon strongly impacts soil health and contributes to key functions of agricultural soils including
microbial activity, nutrient and water retention and soil structure for providing resilience to physical
degradation. These functions are crucial for sustainable agricultural productivity and meeting the increasing
demand for food. However, conversion of non-cultivated areas for agriculture caused substantially reduced
global soil organic carbon (SOC) stocks at global scale over the past decades. Hence, global attention is
increasingly turning to enhancing and preserving soil organic matter and soil organic carbon stocks, which
are vital for robust soil health and long-term agricultural sustainability. There is considerable evidence that
some sustainable agricultural practices such as conservation tillage (non inversion and zero), cover crops and
application of organic amendments in soil can actually boost SOC levels in agricultural areas. It is clear that,
irrigation is essential for agricultural production especially in drier regions and it can influence SOC dynamics
in various ways by altering soil moisture, impacting crop yields, transporting matter across the soil surface
and moving soluble materials through the soil. On the other hand, the effects of irrigation on SOC have not
been sufficiently studied worldwide. In this study, a review was made on studies conducted on how irrigation
influence soil carbon in agricultural areas.

Keywords: Irrigation, soil organic carbon, soil organic matter, soil health, sustainable agricultural

production
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OZET

Toprak organik karbonu toprak sagligini giiglii bir sekilde etkilemektedir ve tarim topraklarinin mikrobiyal
aktivite, fiziksel bozulmaya kars1 diren¢ saglamak icin toprak yapisi, besin maddesi ve su tutulumu dahil
olmak {izere temel islevlerine katkida bulunmaktadir. Bu islevler, siirdiiriilebilir tarimsal iiretim ve artan gida
talebinin karsilanmasi i¢in Onemlidir. Ancak, ekili olmayan alanlarin tarim alanlarina doniistiiriilmesi,
gectigimiz yillarda kiiresel dlgekte toprak organik karbon (TOK) stoklarinin 6nemli 6l¢iide azalmasina neden
olmustur. Bu nedenle, giiclii toprak saglig1 ve uzun vadeli tarimsal siirdiiriilebilirlik i¢in hayati 6nem tagiyan
toprak organik maddesinin ve organik karbon stoklarinin artirilmasi ve korunmasina giderek artan kiiresel
bir ilgi bulunmaktadir. Korumali toprak isleme (devirmeden ve sifir), ortii bitkileri ve organik toprak
diizenleyicilerin uygulanmasi gibi bazi siirdiiriilebilir tarimsal uygulamalarin tarim alanlarindaki TOK
seviyelerini artirabilecegine dair O6nemli bilimsel kanitlar bulunmaktadir. Sulamanin &zellikle kurak
bolgelerde tarimsal tiretim i¢in gerekli oldugu agiktir ve sulama toprak nemini degistirerek, iirliin verimini
etkileyerek, toprak ylizeyinde madde tasiyarak ve ¢oziinebilir materyalleri toprakta hareket ettirerek TOK
dinamiklerini ¢esitli sekillerde etkileyebilmektedir. Ancak, sulamanin TOK {izerindeki etkileri kiiresel 6l¢ekte
yeterince aragtirilmamigtir. Bu ¢alismada, tarimsal alanlarda sulamanin toprak karbonunu nasil etkiledigine
dair yapilan caligmalar {izerine bir inceleme yapilmistir

Anahtar kelimeler: Sulama, toprak organik karbonu, toprak organik maddesi, toprak saghgi,
siirdiiriilebilir tarimsal iiretim

116


mailto:sevinc.madenoglu@tarimorman.gov.tr
https://orcid.org/0000-0002-5915-873X
https://orcid.org/0000-0002-5915-873X
https://orcid.org/0000-0002-5915-873X

ICASI 2025
3. ULUSLARARASI & 16. ULUSAL TARIMSAL YAPILAR VE SULAMA KONGRESI
24-27 HAZIRAN 2025

TURNING WASTE INTO FUEL: ALGAL CARBON CAPTURE AND BIODIESEL PRODUCTION
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ABSTRACT

Carbon capture and renewable fuel production are critical strategies for mitigating climate change. Algae-
based systems offer a sustainable, low-energy alternative to conventional carbon capture and biodiesel
production methods. This study investigates the cultivation of Chlorella vulgaris in nutrient-rich egg-washing
wastewater, simultaneously achieving wastewater treatment, carbon capture, and biomass generation for
biofuel production. Four biomass pretreatment methods—UV-C light, moist heat, microwave, and
electrocoagulation—were evaluated to optimize oil extraction efficiency. Among these, electrocoagulation
yielded the highest oil recovery at 37.5%, significantly enhancing fatty acid methyl ester (FAME)
composition, particularly methyl heptadecanoate (C17:0) and methyl heptadecenoate (C17:1). While UV
treatment achieved the highest lipid content, electrocoagulation improved both yield and biodiesel quality.
The resulting biodiesel exhibited favorable characteristics, including a higher cetane number, enhanced
oxidation stability, and reduced NOx emissions, although cold flow properties remain composition-dependent.
Compared to the standard BG-11 medium, egg-washing wastewater supported faster algal growth and higher
biomass productivity, especially during the first five days of cultivation. These findings highlight
electrocoagulation as a promising and scalable pretreatment strategy and underscore the potential of
integrating industrial wastewater reuse with algae-based biofuel production in efforts toward net-zero
emissions.

Keywords: Wastewater, ajgal carbon capture, biodisel production

117


mailto:simsek@purdue.edu

ICASI 2025
3. ULUSLARARASI & 16. ULUSAL TARIMSAL YAPILAR VE SULAMA KONGRESI
24-27 HAZIRAN 2025

ATIKLARI YAKITA DONUSTURMEK: YUMURTA YIKAMA ATIK SUYU KULLANARAK ALG
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OZET

Karbon geri kazanim1 ve yenilenebilir yakit tiretimi iklim degisikligini azaltmak icin kritik stratejilerden
biridir. Alg bazl sistemler geleneksel karbon kazanim ve biyodizel {iretim yontemlerine siirdiiriilebilir ve
diisiik enerjili bir alternatif sunar. Bu ¢alisma, Chlorella vulgaris’in besin agisindan zengin yumurta yikama
atik suyunda yetistirilmesini inceleyerek, atik su aritimi, karbon kazanimi ve biyoyakit iiretimi i¢in biyokiitle
olusumunu es zamanlh olarak gerceklestirmeyi amaglamaktadir. Yag ekstraksiyon verimliligini optimize
etmek icin dort biyokiitle 6n isleme yontemi—UV-C 15181, nemli 1s1, mikrodalga ve elektrokoagiilasyon—
degerlendirilmistir. Bu yontemler arasinda elektrokoagiilasyon %37,5 ile en yiiksek yag geri kazanimim
saglamig ve ozellikle basta metil heptadekanoat (C17:0) ve metil heptadekenoat (C17:1) olmak iizere yag
asidi metil esterleri (FAME) bilesimini 6nemli 6l¢iide artirmistir. UV-C islemi en yiiksek lipid igerigini elde
etmis olsa da elektrokoagiilasyon hem verimi hem de biyodizel kalitesini iyilestirmistir. Elde edilen biyodizel,
yiiksek setan sayisi, gelismis oksidasyon kararliligi ve azalmig NOy emisyonlar1 gibi olumlu 6zellikler
gostermistir; ancak soguk akis ozellikleri hald bilesime bagli kalmaktadir. Standart BG-11 besi yeri ile
karsilagtirildiginda, yumurta yikama atik suyu 6zellikle ilk bes giin boyunca daha hizli alg biiylimesi ve daha
yiiksek biyokiitle verimliligi saglamistir. Bu bulgular, elektrokoagiilasyonu umut verici ve 6l¢eklenebilir bir
on isleme stratejisi olarak dne ¢ikarmakta ve endiistriyel atik su geri kullaniminin alg bazli biyoyakit
tiretimiyle entegrasyonunun net sifir emisyon hedeflerine katki saglayabilecegini ortaya koymaktadir.

Anahtar kelimeler: Atiksu, biyodizel iiretimi, karbon kazanimi
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ABSTRACT

One of the abiotic stress factors limiting plant development is drought, which causes serious yield losses in
agricultural production. In this study, some endophytic bacteria were isolated from Noccaea caerulescens
plant and their effects on the lettuce (Lactuca sativa) plant under drought stress were investigated. The
experiment was conducted in the climate chamber; drought stress was created with 10% PEG 8000 solution
and 1 ml of bacterial suspension was applied to lettuce seeds (ODsoo = 1). Rhodococcus yunnanensis,
Paenibacillus mobilis and Pseudomonas juntendi bacteria were applied to the plants and control group
receiving no bacterial inoculation. According to statistical analysis, both drought and bacterial applications
had significant effects on fresh weight (p < 0.001). In addition, the interaction between drought and bacteria
was found to be statistically significant. It shows that different bacterial species produced different responses
under drought. Rhodococcus yunnanensis stood out as the most resistant and supportive bacterial species
against drought stress by reaching the highest fresh weight in both normal and drought conditions.
Paenibacillus mobilis and Pseudomonas juntendi also showed positive effects, but compared to Rhodococcus
yunnanensis, fresh weight results were lower. A significant decrease in fresh weight was observed in the
control group, supporting the existence of drought stress alleviating effect of application. Especially
Rhodococcus yunnanensis significantly increased fresh weight even under drought conditions, demonstrating
its plant growth supporting effect under abiotic stress conditions. Results show that some endophytic bacterial
species can support plants against drought stress and these bacteria can be used as biofertilizer in agricultural
production.

Keywords: Drought, endophyte bacteria, lactuca sativa, noccaea caerulescens

Acknowledgements: We would like to thank the TUBITAK 2219 Postdoctoral Research Fellowship Program
and Yamanashi University for their support in this research.

119


mailto:aozturk@ankara.edu.tr

ICASI 2025
3. ULUSLARARASI & 16. ULUSAL TARIMSAL YAPILAR VE SULAMA KONGRESI
24-27 HAZIRAN 2025

NOCCAEA CAERULESCENS BIiTKIiSINDEN iZOLE EDILEN ENDOFIT BAKTERILERIN
KURAKLIK STRESIi ALTINDA MARUL BUYUMESIi UZERINE ETKIiSi

Gizem AKSU!

Canakkale Onsekiz Mart Universitesi Ziraat Fakiiltesi,
Toprak Bilimi ve Bitki Besleme Boliimii, Canakkale, Tiirkiye
ORCID: 0000-0003-2014-9454
gizemaksu@comu.edu.tr

Ryota KATAOKA?
Yamanashi Universitesi, Yasam ve Cevre Bilimleri Fakiiltesi, Yamanashi, J aponya
ORCID: 0000-0002-9835-1196

OZET

Bitki gelisimini sinirlayan abiyotik stres faktorlerinden biri olan kuraklik, tarimsal {iretimde ciddi verim
kayiplarina neden olmaktadir. Bu ¢calismada, Noccaea caerulescens bitkisinden bazi endofitik bakteriler izole
edilmis ve kuraklik stresi altindaki marul (Lactuca sativa) bitkisi lizerindeki etkileri incelenmistir. Deney
iklim odasinda yiiriitiilmiis; %10'Tuk PEG 8000 soliisyonu ile kuraklik stresi yaratilarak marul tohumlarina 1
ml bakteri siispansiyonu uygulanmistir (ODesoo = 1). Rhodococcus yunnanensis, Paenibacillus mobilis ve
Pseudomonas juntendi bakterileri uygulanmis ve kontrol grubu icin bakteri inokulasyonu yapilmamigtir.
Istatistiksel analize gore hem kuraklik hem de bakteri uygulamalarimnin taze agirlik iizerinde nemli etkileri
olmustur (p < 0,001). Ayrica kuraklik ve bakteri arasindaki etkilesimin istatistiksel olarak onemli oldugu
bulunmugtur. Bu, farkli bakteri tlirlerinin kuraklik altinda farkli tepkiler drettigini gostermektedir.
Rhodococcus yunnanensis, hem normal hem de kuraklik kosullarinda en yiiksek agirliga ulasarak kuraklik
stresine karsi en direngli ve destekleyici bakteri tiirlii olarak one c¢ikmistir. Paenibacillus mobilis ve
Pseudomonas juntendi de olumlu etkiler gdstermistir ancak Rhodococcus yunnanensis ile karsilagtirildiginda
agirhik sonucglart daha diisiik olmustur. Kontrol grubunda agirlikta énemli bir azalma gozlenmis olup,
uygulamanin kuraklik stresini hafifletici etkisinin varhgm desteklemektedir. Ozellikle Rhodococcus
yunnanensis kuraklik kosullarinda bile agirligi énemli 6l¢iide artirarak, abiyotik stres kosullarinda bitki
bliylimesini destekleyici etkisini gostermistir. Sonuglar, bazi1 endofitik bakteri tiirlerinin bitkileri kuraklik
stresine kars1 destekleyebilecegini ve bu bakterilerin tarimsal iiretimde biyogiibre olarak kullanilabilecegini
gostermektedir.

Anahtar kelimeler: Endofit bakteriler, kurakhk, lactuca sativa, noccaea caerulescens
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ABSTRACT

Soil infiltration rate is a critical parameter in hydrological design, irrigation planning and agricultural
applications. In this study, it is aimed to estimate the infiltration rate using silt and clay contents obtained
from 56 different points in the Bafra Plain of Samsun province. For this purpose, conventional multiple linear
regression (MLR), machine learning algorithms (RF, SVM, KNN, MLP, XGBoost) and fuzzy logic systems
(Mamdani, ANFIS) were compared. According to the statistical performance analyzes of the models, the most
successful results were obtained with ANFIS (RMSE=1.82 , r2 =1), XGBoost (RMSE=3.469, r2 =0.99) and
RF (RMSE=4.307 , r2 =0.98) models, respectively. The findings show that modern artificial intelligence-
based methods offer powerful and reliable alternatives for soil infiltration estimation. In this context, the
study suggests effective modeling tools for decision makers, especially in applications such as soil fertility
management and irrigation planning.

Keywords: Bafra Plain, Fuzzy logic, Machine learning ,Soil infiltration rate, water management
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OZET

Toprak infiltrasyon hizi hidrolojik tasarim, sulama planlamasi ve tarimsal uygulamalarda kritik bir
parametredir. Bu ¢alismada Samsun ili Bafra Ovasi'nda 56 farkli noktadan elde edilen silt ve kil igerikleri
kullanilarak infiltrasyon hizinin tahmini amag¢lanmistir. Bu amagcla konvansiyonel ¢coklu dogrusal regresyon
(MLR), makine 6grenmesi algoritmalar1 (RF, SVM, KNN, MLP, XGBoost) ve bulanik mantik sistemleri
(Mamdani, ANFIS) karsilagtirllmistir. Modellerin istatistiksel performans analizlerine gore en basarili
sonuglar sirastyla ANFIS (RMSE=1.82, 12 =1), XGBoost (RMSE=3.469, 12 =0.99) ve RF (RMSE=4.307, 12
=0.98) modelleri ile elde edilmistir. Bulgular, modern yapay zeka tabanli yontemlerin toprak infiltrasyon
tahmini i¢in gii¢lii ve giivenilir alternatifler sundugunu gostermektedir. Bu baglamda ¢alisma, 6zellikle toprak
verimliligi yonetimi ve sulama planlamasi gibi uygulamalarda karar vericiler i¢in etkili modelleme araglari
onermektedir.

Anahtar kelimeler: Bafra Ovasi, bulanik mantik, makine o6grenmesi, toprak infiltrasyon hizi, su
yonetimi
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ABSTRACT

This study investigates the effects of conventional drip irrigation (CDI) and partial root drying (PRD) on
peanut yield components, oil quality, and economic returns over the 2014 and 2015 growing seasons under
Mediterranean climatic conditions in Tiirkiye. The experimental design included three irrigation frequencies
(IF) (IF2s: 25 mm; IFso: 50 mm; IF7s: 75 mm of cumulative pan evaporation (CPE)), as main plots, and seven
irrigation levels (ILo,so, ILO_75, IL]_(), IL1_25, ILPRDso, ILPRD75, and ILPRD]O()) as subplots. Ofthese, four WEre
CDI treatments (ILo.so to IL1.25), which received 50, 75, 100, and 125% of CPE, respectively. The remaining
three were PRD treatments (ILPRDso, ILPRD7s, and ILPRD o), receiving 50, 75, and 100% of IL1.0 water
volume, applied alternately to either side of the root zone. The highest and lowest peanut yields across both
years were recorded under IFsolLi»s and IFssILoso treatments, respectively. The IFsolL;2s treatment
consistently produced the highest oil content, pod yield, and economic profit. Both IF and IL significantly
influenced fatty acid composition. Water stress reduced oil content and quality. PRD under deficit irrigation
conditions notably improved peanut quality compared to CDI plots. The crop demonstrated a high oil yield
response factor (Kyoi), highlighting its sensitivity to irrigation timing and water availability.

Keywords: Mediterranean region, partial root drying, peanut, yield component
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OZET

Bu ¢alisma, Tiirkiye'nin Akdeniz iklim kosullarinda 2014 ve 2015 yetistirme sezonlarinda, geleneksel damla
sulama (CDI) ve kismi kok kurulugu (PRD) yontemlerinin yerfistig1 verim bilesenleri, yag kalitesi ve
ekonomik getiriler iizerindeki etkilerini arastirmaktadir. Deneme deseninde ana parseller olarak ii¢ farkl
sulama siklig1 (IF) (IF2s: 25 mm; [Fso: 50 mm; IF7s: 75 mm y1gisimli class A pan buharlagmasi (CPE)) ve alt
parseller olarak yedi farkli sulama seviyesi (ILO so, [Lo.75, IL1.0, IL125, ILPRDso, ILPRD7s ve ILPRD1g0) yer
almistir. Bunlardan dort tanesi (ILo.so - L1 25) CDI uygulamalari olup, sirasiyla CPE’nin %50, %75, %100 ve
%125°1 kadar sulama uygulanmistir. Geri kalan {i¢ konu ise PRD uygulamalari1 olup (ILPRDso, ILPRD75 ve
ILPRD o), IL1o su hacminin sirasiyla %50, %75 ve %100’ kadar suyu kok bolgesinin her iki tarafina
doniisiimlii olarak almistir. Her iki yilda da en yiiksek ve en diisiik yerfistigi verimi sirasiyla IFsolL; 25 ve
IF751Lo50 uygulamalarinda kaydedilmistir. IFsolL;2s uygulamasi, siirekli olarak en yiiksek yag icerigi,
yerfistig1 verimi ve ekonomik kazang¢ saglamistir. Hem sulama siklig1 (IF) hem de sulama seviyesi (IL), yag
asidi bilesimini onemli sekilde etkilemistir. Su stresi, yag igerigini ve kalitesini azaltmistir. Su kisiti
kosullarinda PRD uygulamasi, CDI parsellerine kiyasla yerfistig1 kalitesini belirgin sekilde artirmistir. Yag
verimi tepki etmeni (Ky,ii) sulama zamanlamasina ve su seviyesine 6nemli derecede duyarlilik gostermistir.

Anahtar kelimeler: Akdeniz bolgesi, kismi kok kurulugu, yerfistid1, verim bileseni
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OPTIMIZATION METHODS FOR RATIONAL AND EFFICIENT WATER MANAGEMENT:
SECTORAL WATER ALLOCATION PLANS
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ABSTRACT

The increasing pressures on water resources driven by population growth, urban expansion, climate change,
and growing sectoral demands necessitate an integrated, strategic, and sustainable approach to water
management. In this context, Sectoral Water Allocation Plans (SWAPs), developed by the Ministry of
Agriculture and Forestry, are implemented at the basin and sub-basin scales. These plans comprehensively
assess surface and groundwater potential and incorporate various drought conditions (normal, mild, moderate,
severe, and extreme) to ensure equitable, rational, and efficient water allocation across sectors. The planning
process is informed by integrated modeling approaches that combine hydrological, ecological, and socio-
economic data, and is further supported by comparative analyses of the economic outcomes of allocation
scenarios. Within the agricultural sector, optimum crop pattern analyses play a critical role in maximizing
yields while minimizing water use, thereby contributing to resource efficiency and economic sustainability.
This holistic and adaptive planning framework aims to safeguard water security not only for current demands
but also in the face of future uncertainties and climate-related risks.

Keywords: Sectoral water allocation, optimum crop pattern, basin-based planning, water allocation
scenarios

AKILCI VE ETKIN SU YONETIMIi iCiN OPTiIMiZASYON METOTLARI:
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OZET

Artan niifus, kentlesme, iklim degisikligi ve sektorel su talepleri, su kaynaklari iizerindeki baskiy1 her gegen
giin artirmaktadir. Bu durum, kaynaklarin biitiinciil, planl ve siirdiiriilebilir yonetimini zorunlu kilmaktadir.
Tarim ve Orman Bakanlig1 tarafindan gelistirilen Sektdrel Su Tahsis Planlari (SSTP), havza ve alt havza
diizeyinde yiiriitiilmekte; yeriistii ve yeralt1 su potansiyeli analiz edilerek tiim kuraklik kosullari (normal,
hafif, orta, siddetli ve ¢ok siddetli kuraklik) dikkate alinmakta ve sektorel bazda adil, akilci ve etkin bir tahsis
hedeflenmektedir. Planlama siireci; hidrolojik, ekolojik ve sosyo-ekonomik verilerin entegre edildigi
modelleme calismalartyla desteklenmekte, tahsis senaryolarinin ekonomik getirileri de karsilastirmali olarak
degerlendirilmektedir. Tarim sektoriinde ise optimum bitki deseni analizleri, daha az su kullanarak daha
yiksek verim elde edilmesini saglamakta; bdylece kaynaklarin verimli kullanimi ve ekonomik
siirdiiriilebilirlik birlikte giliclendirilmektedir. Bu yaklasim, suyun yalnizca bugiiniin degil, gelecegin
ihtiyaglarina da cevap verecek sekilde yonetilmesini amaglamaktadir.

Anahtar kelimeler: Sektorel su tahsisi, optimum bitki deseni, havza bazh planlama, su tahsis
senaryolari
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ORCID: 0000-0002-9531-2570

ABSTRACT

In this study, the responses of eggplant plants under different irrigation treatments were investigated.
Irrigation treatments were applied by conventional irrigation and partial root drying irrigation technique.
Corsica F1 eggplant cultivar was used as plant material. The study was carried out in a glass greenhouse at
Akdeniz University Faculty of Agriculture in two growing periods (in 2019-2020). In the study, four different
levels of 100%, 80%, 60% and 40% of the plant's needs were considered. The irrigation treatments were
placed in the greenhouse randomly and in 3 replications. Irrigation was done by drip irrigation method. Class-
A Evaporation Pan was placed in the greenhouse and the amount of water applied to the control (100%)
treatment was calculated using the evaporation measurements taken from here. The amount of irrigation water
was applied between 148.45 and 365.48 mm in the first year and 245.61 and 584.84 mm in the second year.
During and at the end of the study, many observations and measurements were made to determine the
responses of eggplant plants to different irrigation treatments. In the study, it was found that the type and
level of irrigation water application had a significant effect on eggplant plants. However, yield decreased as
the amount of irrigation water applied decreased. The advantages of partial root drying irrigation compared
to conventional irrigation were also revealed. As a result of the research, it can be recommended that irrigation
practices should be carried out with partial root drying irrigation technique since it will be more suitable for
eggplant seedlings and more savings can be achieved from irrigation water.

Keywords: Deficit irrigation, partial root drying, water-yield relationship
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OZET

Bu arastirmada, farkli sulama uygulamalar1 altinda patlican bitkisinin tepkileri arastirilmistir. Sulama
uygulamalar1 ise geleneksel sulama ve yari 1slatmali sulama teknigiyle yapilmigtir. Bitki materyali olarak
Korsika F1 patlican cesidi kullanilmistir. Calisma, Akdeniz Universitesi Ziraat Fakiiltesi arazisinde bir cam
serada, iki yetisme doneminde (2019-2020 yillarinda) yiiriitiilmiistiir. Arastirmada; bitkinin ihtiyacinin %100,
%80, %60 ve %40°’1 olmak {lizere dort fakli seviyesi dikkate alinmigtir. Arastirmada ele alinan sulama konulari
tesadiifi ve 3 yinelemeli olarak seraya yerlestirilmistir. Sulamalar damla sulama yontemiyle yapilmigtir. Sera
icerisine A-Sinifi buhar kab1 konulmus ve buradan alinan buharlagsma 6l¢timleri kullanilarak kontrol (%100)
konuya uygulanan su miktar1 hesaplanmistir. Sulama suyu miktari; birinci y1l 148.45 ile 365.48 mm, ikinci
yil ise 245.61 ile 584.84 mm arasinda uygulanmistir. Arastirma siliresince ve sonunda, patlican bitkilerinin
farkli sulama uygulamalarina tepkilerini belirlemek amaciyla ¢ok sayida gozlem ve 6lgiim yapilmustir.
Calismada sulama suyu uygulama big¢imi ve diizeyinin patlican bitkisi lizerine 6nemli bir sekilde etkili oldugu
bulunmustur. Bununla birlikte, uygulanan sulama suyu miktar1 azaldikca verimde de diisiisler tespit
edilmistir. Geleneksel sulamaya kiyasla yar1 1slatmali sulamanin istiinliikleri de ortaya ¢ikmigtir. Arastirma
sonucunda, patlican fideleri yetistiriciliginin daha uygun olacagi ve sulama suyundan daha fazla tasarruf
saglanabilecegi i¢in sulama uygulamalariin yar 1slatmali sulama teknigi ile yapilmasi onerilebilir.

Anahtar kelimeler: Kisintili sulama, su-verim iligkisi, yari islatmah sulama
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ABSTRACT

This study aims to secure the production of quinoa under arid conditions. We believe that sowing methods
and irrigation availability may impact the productivity of quinoa in semiarid ecosystems. A two-year (2019
and 2020) study was planned using line-source sprinklers to evaluate the effect of irrigation and sowing
methods on quinoa in the Eastern Mediterranean zone of Turkey. The main plots and subplots comprised
three sowing methods (single row (Sr), double row (Dr), and triple row (Tr)) and three irrigation (full
irrigation: IL1.0; deficit irrigation: IL0.5, and rainfed: IL0.0 treatments), respectively. The highest quinoa
yields were produced from full irrigation. The yield response factor (ky) was 1.08—1.34 in Sr, 0.99-1.10 in
Dr, and 0.82—-1.07 in Tr sowing methods in two consecutive trial years. The oil percentage decreased with
increasing irrigation in both years. Protein, ash, oil percentage, and fiber contents decreased with increasing
irrigation water in each sowing method, but evapotranspiration (ETa), leaf area index (LAI), plant height,
and thousand-seed weight increased in both years. TrIL1.0 treatment achieved the highest net income in the
combined two-year economic appraisal. It is suggested that using the triple sowing row with deficit irrigation
significantly improves the seed and oil yield, quality, water use efficiency (WUE), and irrigation water use
efficiency (IWUE) under the ridge sowing technique in semi-arid zones. TrIL0.5 can be recommended as an
alternative for regions where irrigation water is limited and costly.

Keywords: Irrigation management, sowing method, quality, disease, economic appraisal
Mediterranean region
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OZET

Bu calisma, kurak kosullar altinda kinoa iiretimini giivence altina almayi amaglamaktadir. Ekim
yontemlerinin ve sulama imkanlarinin yar1 kurak ekosistemlerde kinoanin verimliligini etkileyebilecegine
inaniyoruz. Tiirkiye'nin Dogu Akdeniz bolgesinde sulama ve ekim ydntemlerinin kinoa iizerindeki etkisini
degerlendirmek i¢in ¢izgi kaynakli yagmurlama sistemi kullanilarak 2019 ve 2020 yillarinda bir galigma
planlanmistir. Ana parseller ve alt parseller ii¢ ekim yontemi (tek sirali (Sr), ¢ift sirali (Dr) ve {i¢ siral1 (Tr))
ve li¢ sulama (tam sulama: IL1.0; eksik sulama: IL0.5 ve yagmurla besleme: 1L0.0 uygulamalari) sirasiyla
uygulanmigtir. En yliksek kinoa verimi tam sulamadan elde edilmistir. Verim tepki etmeni (ky), Sr'de 1.08-
1.34, Dr'de 0.99-1.10 ve Tr ekim yontemlerinde 0.82-1.07 olmustur. Yag yiizdesi her iki y1lda da artan sulama
ile azalmigtir. Protein, kiil, yag ylizdesi ve lif igerigi her ekim yonteminde artan sulama suyu ile azalmus,
ancak evapotranspirasyon (ETa), yaprak alan1 indeksi (LAI), bitki boyu ve bin tohum agirlig1 her iki yilda da
artmigtir. TrIL1.0 uygulamasi birlestirilmis iki yillik ekonomik degerlendirmede en yiiksek net geliri elde
etmistir. Kisintili sulama ile iicli ekim sirasinin kullanilmasinin tohum ve yag verimini, kalitesini, su
kullanim etkinligini (WUE) ve sulama suyu kullanim etkinligini (IWUE) 6nemli dlgiide iyilestirdigi
onerilmektedir. TrIL0.5 konusu sulama suyunun smirli ve maliyetli oldugu bolgeler i¢in bir alternatif olarak
Onerilebilir.

Anahtar Kelimeler: Sulama yonetimi, ekim yontemi, kalit, hastalik, ekonomik degerlendirme, Akdeniz
bolgesi
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ABSTRACT

This study aimed to evaluate the impact of water stress on the seed yield, seed quality, water productivity
(WP) and irrigation water productivity (IWP) of industrial hemp (Cannabis sativa cv. Vezir-55) in 2023
growing season. The study was carried out in Bat1 Akdeniz Agricultural Research Institute located in Antalya,
Tiirkiye. Six different irrigation levels were applied based on soil moisture depletion: 125% (I1;), 100% (L»),
75% (13), 50% (14), 25% (Is), and rain-fed (Is). The evapotranspiration amounts were 636.1 mm (I;), 588.6
mm (1), 518.2 mm (I3), 436.7 mm (I4), 340.5 mm (Is), and 240.3 mm (Is). Results indicated that water stress
significantly affected seed yield, related agronomic traits, and seed quality. The highest seed yield (1.96 t
ha™!) was achieved under I; treatment, while the lowest (0.46 t ha™') was recorded in the Is treatment. There
was no seed harvest due to the drying up of the plants in the rain-fed treatment. Overall, industrial hemp was
found to be sensitive to water limitations, with reductions in seed yield and quality under increasing water
stress in Mediterranean conditions.

Keywords: Evapotranspiration, seed, water productivity, water stress
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OZET

Bu arastirma, farkli sulama suyu seviyelerinin kenevirin (Cannabis sativa L. cv ‘Vezir-55”) tohum verimi,
tohum kalitesi, su liretkenligi (WP) ve sulama suyu iiretkenligi (IWP) iizerine etkisini belirlemek amaciyla
2023 yilinda Antalya Bati Akdeniz Tarimsal Arastirma Enstitiisii’'nde yiiriitiilmiistiir. Arastirmada farkli
sulama seviyeleri, yetistirme mevsimi boyunca 60 cm’lik bitki kok bolgesinde kullanilabilir nem miktart
%40°1 eksildiginde tamamlamaya dayali olarak %125 (11), %100 (1), %75 (I3), %50 (1s), %25 (Is) ve yagisa
dayali (I) olmak {izere alt1 farkli konudan olusturulmustur. Arastirma sonucunda bitki su tiiketimi miktarlar
Ii, I, I3, L4, Is ve Is konularinda sirasiyla 636.1, 588.6 mm, 518.2 mm, 436.7 mm, 340.5 mm ve 240.3 mm
olarak hesaplanmistir. Elde edilen veriler, su stresinin tohum verimi, morfolojik parametreler ve tohum
kalitesi lizerinde 6nemli etkileri oldugunu gostermistir. En yiiksek tohum verimi 1.96 t ha™ ile I; konusundan
elde edilirken, en diisiik verim 0.46 t ha™ ile Is konusundan elde edilmistir. Yagisa dayali (Is) konuda
bitkilerin kurumasi nedeniyle tohum hasadi yapilamamistir. Arastirma sonucunda, Akdeniz kosullarinda
endiistriyel kenevirin su kisitlamalarina karsi hassas oldugu, artan su stresi ile birlikte tohum verimi ve
kalitesinde diisilisler yasandig1 belirlenmistir.

Anahtar kelimeler: Bitki su tiiketimi, su verimliligi, su stresi, tohum
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ABSTRACT

Plant water consumption is the most crucial parameter for irrigation scheduling. Generally, plant water
consumption has been defined by the term "Evapotranspiration (ET)", accepted as the sum of plant
transpiration and soil evaporation. However, this definition does not precisely align with the actual amount
of water consumed by the plant. Water lost through evaporation (E) from the soil surface should not be
considered water consumed by the plant. Undoubtedly, E plays a significant role in the soil water budget and
is often the most influential factor in determining irrigation water requirements. Therefore, it would be more
logical to define "Evapotranspiration” as "Water Consumption" rather than directly as "Plant Water
Consumption." Numerous studies on plant water consumption have been conducted in Turkey. Universities
and other public institutions have performed actual water consumption measurements for both reference crops
and many selected plants using direct measurement methods, lysimeters, water balance, and other approaches.
Furthermore, the use of estimation models has found widespread application in academia, with comparison
studies conducted between model results and on-site measurements or among different models. The
CROPWAT program has been widely used due to its ease of use. The book titled "Plant Water Consumption
of Irrigated Crops in Turkey" was published under the Ministry of Agriculture and Forestry, in collaboration
with TAGEM and DSI. More recently, software like Artificial Neural Networks and Machine Learning have
been utilized in research to determine ET. However, it is quite challenging to state that this data has found
practical application in agricultural irrigation. The concept of ET has not been adequately incorporated into
public agricultural application areas, postgraduate studies (except for irrigation-focused ones), and
unfortunately, in farmer practices across the country. This study focuses on the main reasons for this situation.
Additionally, a method has been developed to enable the direct acquisition of instantaneous ET values. This
method aims for direct access to calculated reference ET values using current climatic data, similar to the
direct accessibility of instantaneous meteorological data.areas.

Keywords: Plant water consumption, evapotranspiration, evaporation, transpiration
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OZET

Bitki su tiiketimi, sulama programlarinin en 6nemli parametresidir. Genel bir kan1 olarak bitki su tiiketimi
“Evapotranspirasyon (ET)” terimi ile tanimlanmis olup; bitkiden olan terleme (Transpirasyon) ve topraktan
olan buharlasmanin (Evaporasyon) toplamina esit kabul edilmistir. Ancak bu tanimlama bitkinin tiikettigi su
miktart ile bire bir ortiismemektedir. Toprak yiizeyinden buharlagsma (E) ile kaybolan su, bitkinin tiikettigi su
sayllmamalidir. Siiphesiz E, toprak su biitcesi igerisinde 6nemli bir yer tutmakta olup sulama suyu miktarinin
belirlenmesinde ¢ogu zaman en etkili faktdrdiir. Buradan hareketle “Evapotranspirasyon” teriminin birebir
“Bitki Su Tiiketimi” olarak tanimlanmasi yerine “Su tiiketimi” olarak tanimlanmasi daha mantikli olacaktir.
Ulkemizde bitki su tiikketimi iizerine yapilmis ¢ok sayida ¢alisma bulunmaktadir. Universiteler ve diger kamu
kuruluslarinca dogrudan 6lgiim yontemleri, lizimetreler, su biit¢esi vb. yollarla hem referans hem de segili
pek cok bitki i¢in gergek su tiiketim Olgiimleri gergeklestirilmistir. Diger yandan tahmin modellerinin
kullanimi akademide genis kullanim alan1 bulmus, elde edilen model sonuglar1 yerinde 6l¢iim sonuglar ile
veya modeller arasinda karsilagtirma g¢aligmalar1 yapilmistir. Kullanim kolayligi agisindan CROPWAT
programi yayginlikla kullanilmistir. Tarim ve Orman Bakanligi biinyesinde TAGEM ve DSI is birligi ile
Tiirkiye’de Sulanan Bitkilerin Bitki Su Tiiketimleri” adli kitap yaymlanmistir. Yakin gegmiste ise Yapay Sinir
Aglari, Makine Ogrenme vb. yazilimlar ET belirlemek amaciyla arastirmalarda yerini almistir. Ancak bu
verilerin tarimsal sulamalarda uygulama alani buldugunu sdylemek oldukga zordur. Kamu tarimsal uygulama
alanlarinda, lisansiistii ¢aligmalarda (sulama odakli ¢aligmalar hari¢) ve maalesef iilke genelinde giftci
uygulamalarinda ET kavrami gerektigi kadar yerini alamamigtir. Calismada bu durumun baslica nedenleri
tizerinde durulmustur. Ayrica anlik ET degerlerinin dogrudan temin edilmesini saglayacak bir yontem
hazirlanmigtir. Bu yontem ile anlik meteorolojik verilerin dogrudan ulagilabilirligine benzer sekilde; o anki
iklim verileri kullanilarak hesaplanmis referans ET degerlerine dogrudan ulasim hedeflenmistir.

Anahtar kelimeler: Bitki su tiiketimi, evapotranspirasyon, buharlasma, transpirasyon
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ABSTRACT

Increasingly extreme environmental conditions due to global climate change have made the negative effects
of abiotic stress factors that threaten plant production more evident day by day. Among these factors, drought
stands out as one of the most critical problems in terms of both its prevalence and its destructive effects on
agricultural production. Drought negatively affects yield and quality in plant production, thus seriously
threatening food security and sustainable agricultural practices. In recent years, it has been understood from
the studies that beneficial microorganisms originating from the rhizosphere that support plant growth,
especially plant growth promoting rhizobacteria (PGPR), have come to the forefront as an environmentally
friendly and alternative biological solution against drought stress in agriculture. In the present study, the
physiological and biochemical responses caused by PGPR in plants under drought stress were examined on
the basis of previous studies; some bacterial species that play a role in increasing stress tolerance and their
mechanisms of action were investigated. As a result of the examination and evaluations, it has been observed
that many PGPR species such as Bacillus, Pseudomonas, Azospirillum, Entrobacter etc. play an active role
in reducing the negative effects of water stress on plants, and that they significantly increase their performance
especially under severe water stress. Therefore, it is thought that in arid and semi-arid environments with
limited water resources, the effect of oxidative stress can be reduced, and sustainable agricultural production
can be achieved by selecting appropriate PGPR in plants exposed to water stress.

Keywords: Climate change, water stress, antioxidant enzymes, ACC deaminase
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OZET

Kiiresel iklim degisikligine bagl olarak artan ekstrem c¢evresel kosullar, bitkisel tiretimi tehdit eden abiyotik
stres faktorlerinin olumsuz etkisini her gecen giin daha belirgin hale getirmistir. Bu faktorler arasinda kuraklik
hem yayginligr hem de tarimsal {iretim {izerindeki yikici etkileri agisindan en kritik sorunlardan biri olarak
one ¢ikmaktadir. Kuraklik bitkisel iiretimde verim ve kaliteyi olumsuz etkileyerek gida giivenligini ve
stirdiiriilebilir tarimsal uygulamalari ciddi oranda tehdit etmektedir. Son yillarda bitki gelisimini destekleyen
rizosfer kokenli yararli mikroorganizmalar, 6zellikle de bitki gelisimini tesvik eden rizobakteriler (PGPR:
Plant Growth Promoting Rhizobacteria), tarimda kuraklik stresine karsi ¢evre dostu ve alternatif bir biyolojik
¢Oziim olarak 6n plana ¢iktig1 yapilan ¢aligmalardan anlagilmaktadir. Mevcut ¢alismada, PGPR'lerin kuraklik
stresi altindaki bitkilerde olusturdugu fizyolojik ve biyokimyasal tepkiler dnceki yapilan ¢calismalar temelinde
incelenmis; stres toleransini artirmada rol oynayan bazi bakteri tiirleri ile bunlarin etki mekanizmalari
arastirllmigtir. Yapilan inceleme ve degerlendirmeler sonucunda Bacillus, Pseudomonas Azospirillum,
Entrobacter v.b birgok PGPR tiirliniin bitkilerde su stresinin negatif etkisini azaltmada etkin gorevler
tistlendikleri, 6zellikle siddetli su stresi altinda performanslarinin énemli diizeyde artirdiklar goriilmiistiir.
Bu yiizden su kaynaklar1 kisitli kurak ve yar1 kurak ¢evrelerde, su stresine maruz kalan bitkilerde uygun
PGPR se¢imi ile oksidatif stresin etkisinin azaltilabilecegi ve siirdiiriilebilir bir tarimsal iiretimin
saglanabilecegi diisliniilmektedir.

Anahtar Kelimeler: iklim degisikligi, su stresi, antioksidan enzimler, ACC deaminaz
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ABSTRACT

In agricultural production, the time and amount of irrigation is the basis of irrigation and is of great importance
for optimum yield regardless of the product. Water that is not given to plants on time and as much as necessary
will cause a significant decrease in yield. For this reason, drip irrigation systems are considered among the
most important systems designed to apply irrigation water in terms of quantity and time. In this study, the
time dimension change of soil moisture in the soil profile at 0-90 cm depth was evaluated by applying
different irrigation water levels (S1: 100%, S2: 80%, S3: 60%, S4: 40%) at different evaporation time (D1:
30 mm, D2: 60 mm) with drip irrigation system to Jeromine apple cultivar grafted on M9 rootstock under
Ankara conditions. In the research, soil moisture was measured with a neutron meter device and it was
determined that the soil moisture was best preserved in the S1: 100% subject at D1: 30 mm evaporation time.
The lowest soil moisture content was observed at D2: 60 mm evaporation time and S4: 40%. In this study,
the relationship between irrigation and soil moisture content, which has a significant effect on fruit
development, yield and quality, was revealed and the approach to be followed in irrigation scheduling for
apple was determined.

Keywords: Jeromine apple, drip irrigation, irrigation time, soil moisture
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OZET

Tarimsal iiretimlerde sulama zamani ve miktar1 sulamanin esasini olusturmakta ve {iriin her ne olursa olsun
optimum verim saglanmasi i¢in biiyiilk onem tagimaktadir. Bitkilere zamaninda ve gerektigi kadar verilmeyen
su, verimde 6nemli diizeyde azalmaya neden olacaktir. Bu nedenle damla sulama sistemleri sulama suyunun
miktar ve zaman bakimindan uygulanmasi noktasinda tasarlanmig en 6nemli sistemler arasinda sayilmaktadir.
Bu ¢aligmada Ankara kosullarinda M9 anacina asili Jeromine elma ¢esidine damla sulama sistemiyle farkli
buharlasma zamaninda, (D1: 30 mm, D2: 60 mm) farkli sulama suyu diizeyleri (S1: %100, S2: %80, S3:
%60, S4: %40) uygulanarak 0-90 cm derinligindeki toprak profilinde meydana gelen nemin zaman
boyutundaki degisimi degerlendirilmistir. Arastirmada toprak nemi nétronmetre cihazi ile 6lgiilmiis ve D1:
30 mm buharlagsma zamaninda S1: %100 konusunun toprak neminin en iyi muhafaza edildigi konu olmustur.
Toprak neminin en diisiik seviyede seyrettigi konu ise 60 mm buharlasma zamaninda S4: %40 konusu
olmustur. Calisma ile meyve gelisimi, verim ve kalite lizerinde 6nemli etkisi olan sulama ile toprak nem
icerigi arasindaki iliski ortaya konularak elma i¢in sulama zaman planlamasinda nasil bir yaklasim yapilacagi
belirlenmistir.

Anahtar Kelime: Jeromine elma, damla sulama, sulama zamani, toprak nemi
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ABSTRACT

Greenhouse cultivation, which is a new agricultural occupation in the Thrace Region, is rapidly becoming
widespread. On the other hand, the limited water resources in the region and the fact that the rapid and
unplanned development of the industry in recent years threaten these available resources in terms of quality
and quantity in greater and greater dimensions every day, limit the amount and quality of water to be used in
agricultural irrigation. The research was conducted in a plastic greenhouse with a spring roof. The study was
conducted with four different salt (T1=0.38 dS m-1; T2=1.1 dS m-1; T3=2.5 dS m-1; T4=5.0 dS m-1) and
three different irrigation water amount (S1=70%, S2=100%, S3=130%) treatments with three replications in
total 36 plots. The effects of different salt and water treatments on yield, water consumption and quality
parameters of broccoli (Brassica oleracea var. italica) plants as well as salt and ion accumulation in leaves
and fruits were investigated. According to the results obtained, yield and fruit, width and length values of
broccoli plants decreased with the increase in irrigation water salinity. While the amount of irrigation water
applied varied between 91-151 mm, the measured plant water consumption values were between 76-133 mm.
The highest total yield was obtained from T1S2 subject with 1049 kg da-1 and the lowest yield was obtained
from T4S1 subject with 679 kg da-1. It was determined that Na and Cl values increased, and Ca, Mg and K
values decreased as irrigation water salinity increased in leaves and fruits.

Keyword: Broccoli, irrigation water salinity, greenhouse, yield
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OZET

Trakya Bolgesinde yeni bir tarimsal ugras alani olan seracilik, hizli bir sekilde yayginlasmaktadir. Diger
yandan bolgede, su kaynaklarinin kisitli olmasi, son yillarda hizli ve plansiz gelisen sanayinin bu mevcut
kaynaklari kalite ve kantite agisindan her gecen giin daha biiyiik boyutlarda tehdit etmesi, tarimsal sulamada
kullanilacak su miktarini ve kalitesini kisitlamaktadir. Arastirma, yay catili plastik serada yiiriitiilmiistiir.
Caligma, dort farkli tuz (T1=0,38 dS m-1; T2=1,1 dS m-1; T3=2,5 dS m-1; T4=5,0 dS m-1) ve ii¢ farkl
sulama suyu miktar1 (S1=%70, S2=%100, S3=%130) uygulamalari seklinde {i¢ tekrarli olarak toplam 36 adet
parselde yuritiilmiistiir. Farkli tuz ve su uygulamalar1 brokoli (Brassica oleracea var. italica) bitkisinde verim,
su tiiketimleri ve kalite parametreleri {izerine etkilerinin yani sira yaprak ve meyvede tuz ile iyon birikimi
incelenmistir. Elde edilen sonuglara gore; sulama suyu tuzlulugunun artmas: ile brokoli bitkisinde verim ve
meyve, en, boy degerlerinde azalma belirlenmistir. Uygulanan sulama suyu miktarlar1 91-151 mm arasinda
degisirken oOlciilen bitki su tiiketim degerleri 76-133 mm arasinda olmustur. En yiiksek toplam verim 1049 kg
da-1 ile T1S2 konusunda olurken en diisiik verim 679 kg da-1 ile T4S1 konusundan elde edilmistir. Yaprak
ve meyvede sulama suyu tuzlulugu arttikca Na ve CI degerlerinin arttigi Ca, Mg ve K degerlerinin de diistiigii
tespit edilmistir.

Anahtar Kkelimeler: Brokoli, sulama suyu tuzlulugu, verim, sera
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ABSTRACT

Due to global warming and climate change, the efficient use of water has become one of the most critical
issues worldwide, including in our country. Water resources are decreasing day by day, and the limited use of
water, especially in agricultural areas, has become mandatory. Additionally, the quality of existing water
resources is also declining. This study was conducted as a pot experiment in a greenhouse to determine the
effects of different irrigation water salinity levels on pepper growth and yield under deficit irrigation
conditions. The experimental treatments consisted of three different irrigation water levels: 100% (S1), 75%
(S2), and 50% (S3) of the applied irrigation water amount, and four different irrigation water salinity levels:
T1 (0 dS/m), T2 (1.5 dS/m), T3 (3 dS/m), and T4 (6.0 dS/m). According to the research results, the highest
pepper yield was obtained in the T1S1 treatment with 21 g/plant, followed by T1S2 (16 g/plant) and T2S1
(15.33 g/plant). The lowest yield was recorded in T4S2 (3.3 g/plant), while no yield was obtained in T4S3.
The effects of the treatments on plant height and leaf number were similar to those on yield. The findings
indicate that saline irrigation water levels and deficit irrigation conditions have significant effects on pepper
yield and plant growth. This study can serve as an important reference for efficient water resource use and
sustainability in pepper cultivation.

Keywords: Pepper, deficit irrigation, irrigation water salinity, yield
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OZET

Kiiresel 1sinma ve iklim degisikligi nedeniyle tiim diinyada oldugu gibi iilkemizde de suyun etkin kullanim1
en onemli konular arasinda yer almaktadir. Su kaynaklar1 giinden giine azalmakta ve 6zellikle tarimsal
alanlarda suyun kisith kullanimi zorunlu hale gelmektedir. Bunun yani sira mevcut su kaynaklarinin da
kalitesi diismektedir. Bu calisma ile farkli sulama suyu tuzlulugunun kisintili sulama kosullarinda biber
gelisimi ve verimi {lizerine etkisinin belirlenmesi amaciyla serada saksi denemesi seklinde yiiriitiilmiistir.
Deneme konularini; Uygulanacak sulama suyu miktarinin %100 (S:1), % 75 (S2) ve % 50 (S3) kullanilarak 3
farkli sulama suyu diizeyi ve T1;0 dS/m, T»;1.5 dS/m, T3;3 dS/m, T4; 6.0 dS/m olacak sekilde 4 farkli sulama
suyu tuzluluk seviyesi olusturmaktadir. Arastirma sonuglarina gore en yiiksek biber verimi 21 gr/bitki ile T1S;
konusunda elde edilmis olup bu konuyu 16 gr/bitki ve 15.33 gr/bitli ile TS, ve T2S: konular takip etmistir.
En diisiik verim 3.3 gr/bitki ile T4S; de elde edilirken T4S; konusunda hi¢ verim alinamamustir. Bitki boyu ve
yaprak sayist deneme konularmin etkisi verimde oldugu gibidir. Bulgular, tuzlu sulama suyu diizeyi ve
kisintili sulama kosullarinin biber bitkisinin verimi ve bitki gelisimi {izerinde 6nemli etkilere sahip oldugunu
gostermektedir. Bu calisma, biber yetistiriciliginde su kaynaklarinin verimli kullanimi ve siirdiiriilebilirlik
acisindan 6nemli bir referans kaynagi olabilir.

Anahtar kelime: Biber, kisintilh sulama, sulama suyu tuzlugu, verim
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ABSTRACT

This study was conducted to investigate the effects of different foliar-applied boron doses on the physiological
parameters of soybean at different growth stages. The experiment was carried out during 2020-2021 using a
split-split plot design with three replications. The main plots were assigned to irrigation levels (1100: non-
stress, 166: moderate stress, 133: severe stress), subplots to growth stages (G1: vegetative stage to beginning
of flowering, G2: beginning of flowering to full flowering, G3: full flowering to pod formation), and sub-
subplots to boron doses (B0: soil NPK only, B1: BO + foliar 50 g da™' boron, B2: B0 + foliar 100 g da™*
boron). The results indicated that water stress and foliar boron application at different growth stages had
significant positive effects on Photosystem II (PSII), stomatal conductance, chlorophyll content and
concentration, proline accumulation, and leaf boron content. Drought stress in 2020 and 2021 reduced
stomatal conductance by 65% and 50%, PSII by 11% and 9%, chlorophyll content by 10% and 11%, and
chlorophyll concentration by 36% and 32%, respectively. Conversely, proline concentration increased with
increasing water stress, reaching maximum values of 50.41 umol g (2020) and 117.56 pmol g (2021)
under severe drought stress, and minimum values of 31.90 pmol g (2020) and 77.51 pmol g (2021) under
non-stress (I1100) conditions. Leaf boron content increased with boron doses, with the highest values recorded
under non-stress conditions (1100; 21.22 ppm in 2020, 25.71 ppm in 2021) and the lowest under severe
drought stress (I33; 20.03 ppm in 2020, 24.49 ppm in 2021). Among the treatments, foliar application of 50
g da! boron (B1) during the vegetative and early flowering stage (G1) had the most favorable effect on
soybean physiological performance under water stress conditions.

Keywords: Physiological traits, Growth stages, Soybean, Irrigation levels
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OZET

Arastirma yapraktan uygulanan farklt bor dozlarinin soyanin farkli gelisme donemlerindeki fizyolojik
parametrelerine etkilerini belirlemek amaciyla yliritiilmiisti. Deneme 2020-2021 yillarinda boliinen
boliinmiis parseller deneme desenine gore ti¢ tekerriirlii olarak, ana parsele sulama diizeyi (I1100-stressiz, 166-
orta stres, 133-siddetli stres), alt parsele gelisme donemleri (G1: Vejetatif donem - Cigeklenme baglangici,
G2: Cigeklenme baslangici - Tam ci¢ceklenme, G3: Tam ¢iceklenme - Bakla olusum), alt-alt parsellere ise bor
dozlar1 (BO: Topraktan NPK, B1: BO+ yapraktan 50 g da-1 bor, B2: B0+ yapraktan 100 g da-1 bor) olacak
sekilde yiiriitilmiistlir. Sonuglar, farkli gelisme dénemlerindeki su stresi ve yapraktan bor uygulamalarinin
fotosistem II (PSII), stoma iletkenligi, klorofil igerigi ve konsantrasyonu, prolin ve bor konsantrasyona
etkisinin olumlu ve istatistiksel olarak énemli oldugunu gdstermistir. Kuraklik stresi 2020 ve 2021 yillarinda
sirastyla stoma iletkenligini %65, %50; PSII’yi %11, %9; klorofil igerigini %10, %11; klorofil
konsantrasyonunu %36, %32 azaltmistir. Su stresi arttikga prolin konsantrasyonu artmistir. Prolin
konsantrasyonu en yiiksek siddetli kuraklik stresinden 50.41 pmol g-1 (2020), 117.56 pmol g-1 (2021), en
diisiik ise stressiz konudan (I1100) 31.90 pmol g-1 (2020), 77.51 pmol g-1 (2021) dlgiilmiistiir. Bor dozlar1
arttikca yapraklarda biriken bor miktar1 artmis ve en yiiksek stressiz (I100) (sirastyla 21.22 ppm, 25.71 ppm)
en diisiik ise siddetli kuraklik stresinden (I33) (sirasiyla 20.03 ppm, 24.49 ppm) elde edilmistir. Vejetatif
gelisme ve ciceklenme baglangici doneminde (G1) yapraktan uygulanan 50 g da-1 dozunun (B1) su stresi
kosullarinda bitkinin fizyolojik sagligina en olumlu katkiy1 sagladigi goriilmiistiir.

Anahtar kelimeler: Fizyolojik ozellikler, Gelisme donemleri, Soya, Sulama diizeyleri
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ABSTRACT

Leaf area is useful in physiological and agronomic studies as it provides basic data for the analysis of plant
growth and development, and easy, accurate and inexpensive methods for determining the leaf areas of plants
should be developed. This study used different artificial intelligence based models as artificial neural networl
(ANN), adaptive neuro-fuzzy inference system (ANFIS), support vector machine (SVM). The analysis was
performed with various subsets of independent variables. the inputs were determined by correlating the leaf
length (L), leaf width (W) and different combinations (W, L, W-L, L2 — L/W, W2, W/L) that were developed
the best model. Different input combinations such as W, L, W-L, L? — L/W, W?- W/L have high correlations
of 0.85, 0.88, 0.97, 0.96, 0.95 and 0.96, respectively. Three statistical metrics that were used to evaluate the
predictive accuracies of models as namely the coefficient of determination (R?), root mean square error
(RMSE), the mean absolute error (MAE). These models are easy and suitable for precise, non-destructive
estimations. They can accurately estimate the leaf area of plants in many experiments without using expensive
equipment.

Keywords: Artificial intelligent, estimation, leaf area, peach
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OZET

Yaprak alani, bitki biiylimesi ve gelisiminin analizi i¢in temel veri saglamasi nedeniyle fizyolojik ve
agronomik calismalarda kullaniglidir ve bitkilerin yaprak alanlarinin belirlenmesi i¢in kolay, dogru ve ucuz
yontemler gelistirilmelidir. Bu calismada yapay sinir ag1 (YSA), adaptif ndro-bulanik ¢ikarim sistemi
(ANFIS), destek vektor makinesi (SVM) gibi farkli yapay zekd tabanli modeller kullanilmistir. Analiz,
bagimsiz degiskenlerin gesitli alt kiimeleri ile gergeklestirilmistir. Girisler, gelistirilen en iyi model olan
yaprak uzunlugu (L), yaprak genisligi (W) ve farkli kombinasyonlar (W, L, W-L, L? — L/W, W2, W/L) ile
iliskilendirilerek belirlenmigtir. W, L, W-L, L?> — L/W, W2, W/L gibi farkli giris kombinasyonlar1 sirasiyla
0.85, 0.88, 0.97, 0.96, 0.95 ve 0.96'lik yiiksek korelasyonlara sahiptir. Modellerin tahmin dogrulugunu
degerlendirmek icin kullanilan ii¢ istatistiksel dl¢iim, belirleme katsayis1 (R?), kok ortalama kare hatasi
(RMSE), ortalama mutlak hata (MAE). Bu modeller hassas, tahribatsiz tahminler i¢in kolay ve uygundur.
Pahali ekipman kullanmadan birgok deneyde bitkilerin yaprak alanin1 dogru bir sekilde tahmin edebilirler.

Anahtar kelimeler: Yapay zeka, tahmin, yaprak alani, seftali
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ABSTRACT

This study is about modeling of Crop Water Stress Index (CWSI) values with fuzzy logic approach for the
purpose of estimating water stress levels in sesame (Sesamum indicum L.) plant grown in Antalya conditions.
Four different irrigation levels were applied within the scope of the research: full irrigation (I1), 70% of full
irrigation (I2), 50% (I3) and no-irrigation control (I4). The experiments were carried out in the field conditions
throughout the development period of the plant. Daily average air temperature and relative humidity values
were used as model inputs. Membership functions and fuzzy rules created based on these two parameters
were defined according to expert knowledge and field observations. CWSI was estimated as the output of the
model and stress conditions corresponding to each irrigation level were classified. The obtained results show
that the fuzzy logic approach can effectively estimate water stress levels in sesame plant with meteorological
data. This method offers a low-cost, interpretable and adaptable decision support tool to field conditions as
an alternative to classical measurement techniques.

Keywords: Crop water stress index, deficit irrigation, sesame, soil moisture
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OZET

Bu ¢alisma, Antalya kosullarinda yetistirilen susam (Sesamum indicum L.) bitkisinde su stres diizeylerinin
tahmini amaciyla, bitki su stres indeksi (Crop Water Stress Index - CWSI) degerlerinin bulanik mantik (fuzzy
logic) yaklasimi ile modellenmesini konu almaktadir. Arastirma kapsaminda dort farkli sulama diizeyi
uygulanmistir: tam sulama (I1), tam sulamanin %70’1 (I2), %50°si (Is) ve sulamasiz kontrol (Is). Denemeler,
bitkinin gelisim dénemi boyunca arazi kosullarinda yiiriitiilmiistii. Model girdileri olarak giinliik ortalama
hava sicaklig1r ve bagil nem degerleri kullanilmistir. Bu iki parametreye dayali olarak olusturulan iiyelik
fonksiyonlari ve bulanik kurallar, uzman bilgisine ve saha gozlemlerine gore tanimlanmigtir. Modelin ¢iktist
olarak CWSI tahmini yapilmis ve her sulama seviyesine karsilik gelen stres durumlari siniflandirilmistir. Elde
edilen sonuglar, bulanik mantik yaklagiminin susam bitkisinde su stres diizeylerinin meteorolojik verilerle
etkin sekilde tahmin edilebildigini gostermektedir. Bu yontem, klasik 6l¢lim tekniklerine alternatif olarak
diisiik maliyetli, yorumlanabilir ve saha kosullarina uyarlanabilir bir karar destek aract sunmaktadir.

Anahtar Kkelimeler: Bitki su stres indeksi, kisith sulama, susam, toprak nemi
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ABSTRACT

In this study, solar radiation intensity was estimated using meteorological data from Tokat, Tiirkiye, covering
the period 2009-2024. The input variables included mean air temperature, relative humidity, wind speed, and
sunshine duration. The years 2009-2019 were used for training, and 2020-2024 for testing. Several machine
learning algorithms, Multiple Linear Regression (MLR), Random Forest (RF), Support Vector Regressor
(SVR), K-Nearest Neighbors (KNN), Multi-Layer Perceptron(MLP), and XGBoost(XGB) were applied and
compared with their discrete wavelet transform (DWT) versions. The results indicate that wavelet-
transformed models generally produced more accurate predictions with lower error values (RMSE, MAE)
and higher coefficients of determination (R?). Among them, the Wavelet-XGBoost model achieved the best
performance during the test period, with RMSE=0.71 and R?>=0.88. These findings highlight the effectiveness
of integrating wavelet transformation into machine learning models for improved solar radiation prediction.

Keywords: Solar radiation, wavelet transformation, Tokat, Data-driven modeling
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OZET

Bu c¢alismada, 2009-2024 doénemini kapsayan Tiirkiye, Tokat meteoroloji verileri kullanilarak giines
radyasyon yogunlugu tahmin edilmistir. Giris degiskenleri ortalama hava sicakligi, bagil nem, riizgar hizi ve
giineslenme siiresidir. 2009-2019 yillar1 egitim igin, 2020-2024 yillar1 ise test i¢in kullanilmigtir. Coklu
Dogrusal Regresyon (MLR), Rastgele Orman (RF), Destek Vektor Regresyon (SVR), K-En Yakin Komsular
(KNN), Cok Katmanli Algilayict (MLP) ve XGBoost (XGB) gibi ¢esitli makine 6grenme algoritmalari
uygulanmig ve ayrik dalgacik doniisimii (DWT) versiyonlar ile karsilagtirilmistir. Sonuglar, dalgacik
doniisiimlii modellerin genellikle daha diisiik hata degerleri (RMSE, MAE) ve daha yiiksek belirleme
katsayilar1 (R?) ile daha dogru tahminler {irettigini gostermektedir. Bunlar arasinda, Wavelet-XGBoost modeli
test siiresi boyunca RMSE = 0,71 ve R?> = 0,88 ile en iyi performansi elde etmistir. Bu bulgular, gelismis
giines radyasyonu tahmini i¢in dalgacik doniisiimiiniin makine 6grenimi modellerine entegre edilmesinin
tahmin performansini arttirdig1 ortaya konmustur.

Anahtar kelimeler: Giines radyasyonu, dalgacik doniisiimii, Tokat, veri odakli modelleme
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ABSTRACT

In agricultural applications, images captured with the aid of unmanned aerial vehicles (UAVs), satellites, and
other platforms, along with the digital data obtained by processing these images, have made a significant
breakthrough in preventing losses and increasing yield and quality, thanks to the developing technology. Since
plant, soil, and climate factors are variable and this change is directly related to the development of the
product, the easiest and most reliable way to monitor change is by using remote sensing and advanced
technologies. Especially in large areas, land use, crop pattern, and area and yield estimates are the applications
that are at the forefront. Producers can increase their earnings by monitoring crop health and applying
methods that detect negativities early, utilizing visible wavelengths such as infrared, which are highly
sensitive to diseases, pests, and stress. On the other hand, by accurately estimating weather conditions and
monitoring agricultural water resources and applications, it can provide accurate and timely information about
the water status of the product and soil, thereby promoting sustainable food security. Environmental risks are
reduced, and product yield is increased by performing precision agriculture and product mapping with remote
sensing. Agriculture is becoming more efficient and sustainable with the support of technologies such as
artificial intelligence and the Internet of Things (IoT). This study will present information on the early
detection of variability in agricultural production related to climate conditions, utilizing remote sensing, and
the benefits of these tools in transforming agriculture.

Keywords: Remote sensing, early prediction, unmanned aerial vehicle, satellite imagery
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OZET

Tarimsal uygulamalarda insansiz hava araglari (IHA), uydular ve diger platformlar yardimiyla alinan
goriintiiler ve bu goriintiilerin islenmesi yoluyla elde edilen sayisal veriler, gelisen teknolojiyle birlikte
kayiplarin 6nlenerek verim ve kalitenin artirilmasi yoniinde énemli bir ¢igir agmistir. Bitki, toprak, iklim
faktorlerinin degisken yapida olmasi ve bu degisimin iriiniin gelisimi ile direkt iliskili olmasi nedeniyle
degisimin izlenmesi en kolay ve saglikli bicimde uzaktan algilama ve gelismis teknolojilerin kullanilmasidir.
Ozellikle genis alanlarda arazi kullanimi, {iriin deseni ve alani ve verim tahminleri 6n planda yer alan
uygulamalardir. Ureticiler, iiriin saghgini izleme, hastalik, zararl ve strese kars1 oldukca hassas olan kizilotesi
gibi goriiniir dalga boylar1 yardimiyla olumsuzluklari erken tespit edecek yontemleri uygulayarak
kazanglarini artirabilmektedir. Diger taraftan, hava kosullarin1 dogru bir sekilde tahmin etmek suretiyle
tarimsal su kaynaklarinin ve uygulamalarin izlenmesi, siirdiiriilebilir gida giivenligi i¢in {iriin ve topragin su
durumu hakkinda dogru ve zamaninda bilgi saglayabilmektedir. Uzaktan algilama ile hassas tarim ve {iriin
haritalama yapilarak, ¢cevresel riskler azaltilip iiriin verimi artirilmaktadir. Yapay zeka ve nesnelerin interneti
(IoT) gibi teknolojilerin de destegiyle tarim daha verimli ve siirdiiriilebilir hale getirilmektedir. Bu ¢aligmada,
iklim kosullar1 ile birlikte tarimsal iiretimde uzaktan algilama yoluyla degiskenlikleri erken tespitine yonelik
caligmalar ve bu araglarin tarim1 doniistiirme yoniinde sagladigi faydalar konusunda gelismeler hakkinda bilgi
sunulacaktir.

Anahtar Kelimeler: Uzaktan algilama, erken tahmin, insansiz hava araci, uydu goriintiisii
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ABSTRACT

Global groundwater withdrawal is estimated at approximately 982 km? per year, with around 70% used for
agricultural purposes. Given this level of reliance on groundwater, agricultural production is becoming
increasingly at risk, not only from climate change but also by the reduced surface and groundwater buffer
against extreme events. The challenge of the matching water storage capacity with the timing and volume of
irrigation remains a critical in agricultural water management. During periods of drought, groundwater plays
a critical role as a stabilizing buffer to sustain food production. Managed Aquifer Recharge (MAR) refers to
the intentional recharge of aquifers to support storage and recovery and generate environmental benefits.
Although MAR currently accounts for less than 1% of global groundwater withdrawal, its capacity has
increased from 1 km? to 10 km? per year over the last half century. Moreover, MAR has been implemented in
over 30 countries and is estimated to offer up to 100 km? per year of potential in stressed aquifers. When
utilized in a responsible manner, MAR can help mitigate the negative impacts of over-extraction and create
water buffers for drought periods. In practice, agricultural MAR are typically small scale and locally adapted.
Ultimately, despite hydrogeological and engineering complexity, MAR promotes conjunctive water use,
enhances water reliability, reduces yield risks, and contributes to the United Nations Sustainable
Development Goals, particularly those related to water security and climate resilience.

Keywords: Artificial recharge, crop production, subsurface storage, water buffer management
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OZET

Kiiresel yeralt1 suyu ¢ekimi yillik yaklasik 982 km? seviyesindedir ve bunun yaklasik %70’1 tarimsal sulama
icin kullanilmaktadir. Bu yiiksek bagimlilik diizeyi gz oniine alindiginda, tarimsal {iretim yalnizca iklim
degisikligi degil; ayn1 zamanda sicak hava dalgalari, kuraklik ve sel gibi agir1 iklim olaylarina kars1 ylizey ve
yeralt1 sularinin azalan tampon kapasitesi nedeniyle de giderek daha kirillgan hale gelmektedir. Bu kapsamda,
su depolama kapasitesi ile sulama zamani1 ve miktar1 arasindaki uyumu saglamak, siirdiiriilebilir tarimsal su
yonetimi agisindan temel bir zorluktur. Ozellikle kurak dénemlerde yeralti suyu, gida iiretiminin
siirdiiriilebilirligi i¢in kritik bir dengeleme araci islevi gérmektedir. Kontrollii Yeralti Suyu Beslemesi (MAR),
akiferlere suyun bilingli sekilde yonlendirilmesiyle akifer depolama, iyilestirme veya g¢evresel fayda
saglamay1 amaclayan bir yaklasimdir. Giiniimiizde MAR, kiiresel yeralt1 suyu ¢ekiminin %]1’inden azim
olustursa da kapasitesi son 50 yilda yilda 1km*’ten 10 km*e ulagmisti. MAR, 30’dan fazla iilkede
uygulanmakta olup, su baskis1 altindaki akiferlerde yilda 100 km*’e kadar potansiyel sunmaktadir. Sorumlu
bicimde uygulandiginda MAR, hem asir1 ¢ekimin olumsuz etkilerini azaltmakta hem de biiyiik 6l¢ekli ve
kurak donemler igin bir tampon gorevi gormektedir. Sonug¢ olarak, hidrojeolojik ve miihendislik
karmagikliklarina ragmen MAR, su kaynaklarmin birlikte kullanimmi tesvik eden, su arz giivenilirligini
artiran ve Ozellikle su giivenligi, tarimsal direnglilik ve iklim uyumu baglaminda Birlesmis Milletler
Stirdiirtilebilir Kalkinma Hedefleri’ne giiclii katkilar sunan uygulanabilir ve dlgeklenebilir bir ¢dzliim olarak
one ¢ikmaktadir.

Anahtar kelimeler: Yapay depolama, tarimsal iiretim, yeralti suyu depolama, tampon su yonetimi
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ABSTRACT

Timing is a critical factor in irrigation management, especially in crop production systems that rely on precise
water control. This study presents the design and field application of a low-cost, touch-controlled irrigation
automation system developed specifically for small-scale farmers. The system operates using an Arduino
Nano microcontroller, relay modules, and a user-friendly TFT touch screen interface. Through the interface,
the user can manually assign irrigation durations to each field plot. Once the duration is set, the system
activates the corresponding solenoid valve to initiate irrigation and automatically closes it when the
countdown is complete. The prototype was tested in a 2-decare paddy field equipped with a drip irrigation
system. Field trials demonstrated that the system accurately performed plot-specific irrigation based on user-
defined durations and operated reliably under outdoor conditions. Its portability, affordability, and low energy
requirements make it a viable solution for farmers in rural areas who face limited access to high-end
automation technologies. This work aims to contribute to the adoption of smart irrigation practices by offering
a practical, cost-effective alternative that supports water efficiency and sustainability in small-scale
agriculture.

Keywords: Time-Based irrigation, irrigation automation, smart irrigation
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OZET

Sulama yonetiminde zamanlama, 6zellikle suyun kontrollii kullanimmnin gerekli oldugu bitkisel iiretim
sistemlerinde verim ve kaynak etkinligi agisindan kritik bir faktordiir. Bu ¢aligmada, kiiciik 6lgekli lireticilerin
sulama stireclerini diisiik maliyetle otomatiklestirebilmeleri amaciyla, zamana bagli ¢alisan ve dokunmatik
ekran tizerinden kontrol edilen bir sulama otomasyon sistemi gelistirilmistir. Sistem; bir Arduino Nano
gelistirme karti, coklu réle modiilleri ve kullanici etkilesimi i¢in tasarlanmis bir dokunmatik TFT ekran
araciligryla calismaktadir. Kullanici arayiizii {izerinden her bir sulama parseli i¢in manuel olarak sulama
siiresi girilebilmekte, girilen bu siire sonunda sistem ilgili parselin selenoid vanasini otomatik olarak agmakta
ve siire tamamlandiginda kapatarak sulamayi sonlandirmaktadir. Gelistirilen prototip, damla sulama
sistemiyle donatilmis 2 dekarlik bir ¢eltik {iretim alaninda saha kosullarinda test edilmistir. Denemeler
sonucunda sistemin her bir parsel icin dogru zamanda sulamay1 baslatip sonlandirdigi ve kullanici tarafindan
belirlenen siireleri istikrarl sekilde uyguladig1 gézlemlenmistir. Cihazin tagmabilirligi, enerji verimliligi ve
diisiik kurulum maliyeti sayesinde, 6zellikle kirsalda yer alan ve yiiksek maliyetli otomasyon sistemlerine
erisimi sinirl olan giftciler i¢in uygulanabilir bir ¢6ziim sundugu degerlendirilmektedir. Bu ¢alisma, su
kaynaklarinin verimli kullanimi1 agisindan stirdiiriilebilir sulama tekniklerine katki saglayabilecek pratik ve
erigilebilir bir otomasyon alternatifi sunmaktadir.

Anahtar kelimeler: Zamanlayici tabanh sulama, sulama otomasyonu, akill sulama

156


mailto:aksusefa@comu.edu.tr

ICASI 2025
3. ULUSLARARASI & 16. ULUSAL TARIMSAL YAPILAR VE SULAMA KONGRESI
24-27 HAZIRAN 2025

EFFECTS OF MOBILE DRIP IRRIGATION AND COVER CROPS ON WATER USE AND SOIL
MICROBIAL ACTIVITY IN DRY BEAN

Yavuz Fatih FIDANTEMIZ!
Transitional Zone Agricultural Research Institute, Eskisehir, Tiirkiye ORCID: 0000-0003-0570-7702
Assoc. Prof. Dr. ismail TAS?
Canakkale Onsekiz Mart University, Faculty of Agriculture,
Department of Farm Structures and Irrigation, Tiirkiye ORCID: 0000-0003-0872-2529
Dr. Demet UYGAN?
Transitional Zone Agricultural Research Institute, Eskisehir, Tiirkiye ORCID: 0000-0003-1531-7345
Dr. Ozgiir ATES*
Transitional Zone Agricultural Research Institute, Eskisehir, Tirkiye ORCID: 0000-0002-9345-417X
Dr. Erdin¢ SAVASLI®
Transitional Zone Agricultural Research Institute, Eskisehir, Tiirkiye ORCID: 0000-0001-5326-4710
Dr. Oguz ONDER®
Transitional Zone Agricultural Research Institute, Eskisehir, Tirkiye ORCID: 0000-0002-8184-1316
Fatih KIZILASLAN’
Transitional Zone Agricultural Research Institute, Eskisehir, Tiirkiye ORCID: 0000-0003-0666-5815
Yusuf ALKAN?®
Transitional Zone Agricultural Research Institute, Eskisehir, Tiirkiye ORCID: 0000-0003-1973-5085
Ercan YUOCEL’
Transitional Zone Agricultural Research Institute, Eskisehir, Tirkiye ORCID: 0009-0009-7227-6034
Aytac Zafer ALICT"
Transitional Zone Agricultural Research Institute, Eskisehir, Tiirkiye ORCID: 0009-0008-9228-8684
Dr. Mahmut POLAT"
Transitional Zone Agricultural Research Institute, Eskisehir, Tirkiye ORCID: 0000-0003-4964-0896

ABSTRACT

Cover crops are cultivated to enhance soil nutrient content, reduce water loss through evaporation, and
suppress weed growth in no-till farming systems. In this study, the production of dry beans and the potential
for water conservation using a Mobile Drip Irrigation System were investigated under Eskisehir conditions.
The experiment was conducted using a split-plot design in randomized blocks. The main plots consisted of
cover crop (barley) and bare soil surface treatments, while the subplots included different irrigation water
levels (100%, 75%, and 50%). Barley was used as the cover crop, sown into the field and subsequently
terminated and spread over the soil surface in May. As a result of the study, irrigation water amounts applied
to the bare soil surface treatments were 595 mm, 452 mm, and 336 mm for the 100%, 75%, and 50% irrigation
levels, respectively. In contrast, the cover crop treatments received 397 mm, 348 mm, and 270 mm of
irrigation water, respectively. Examination of the irrigation amounts applied in the first year of the study
revealed that the cover crop treatment provided approximately 23% water savings. Furthermore, to determine
the effects of the cover crop on soil health, the activities of B-glucosidase, alkaline phosphatase, and
dehydrogenase enzymes were analyzed. The results showed that the values of these parameters were higher
in the cover crop treatments compared to the bare soil surface treatments.

Keywords: Drip, microbial, mobile, cover crop
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OZET

Ortiicii bitkiler; topragin makro ve mikro besin maddelerini iyilestirmek, buharlasma ile su kaybini énlemek
ve dogrudan ekim gibi toprak islemesi yapilmayan sistemlerde yabanc1 otlarin kontroliinii saglamak amaciyla
yetistirilen bitkileri ifade eder. Bu ¢alismada, Eskisehir kosullarinda Mobil Damla Sulama Sistemi ile Kuru
Fasulye bitkisinin {iretimi ve su tasarrufu olanaklar1 arastirilmigtir. Caligma tesadiif bloklarinda bdliinmiis
parseller deneme desenine gore yiiriitiilmiistiir. Calismada ana parselleri ortiicii bitki (arpa) ve agik toprak
yiizeyi olustururken alt konulari ise sulama suyu seviyeleri (%100, %75 ve %50) olusturmustur. Ortiicii bitki
olarak arpa kullanilmis, arpa tarlaya ekilmis ve mayis ayinda pargalanarak toprak yiizeyine yayilmistir.
Calisma sonucunda agik toprak yiizeyi konularina sirasiyla (%100, %75 ve %50) 595, 452 ve 336 mm sulama
suyu uygulanirken, ortiicli bitki konularina ise sirasiyla 397, 348 ve 270 mm sulama suyu uygulanmistir.
Caligmanin ilk yi1linda uygulanan miktarlar1 incelendiginde, ortiicii bitki uygulamasinin yaklasik olarak %23
su tasarrufu sagladig1 belirlenmistir. Ayrica, Ortiicii bitkinin toprak saglig: tizerindeki etkilerini belirlemek
amaciyla B- Glikosidaz, Alkalin fosfataz ve Dehidrojenaz enzimleri incelenmis ve ilgili parametreler i¢in
degerlerin, ortiicii bitki uygulanan konularin agik toprak yiizeyinden yiiksek oldugu gozlemlenmistir.

Anahtar kelimeler: Damla, mikrobiyal, mobil, ortiicii bitki
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ABSTRACT

This study investigates the water use and management efficiency of the Giindiizler Pond and Irrigation
Scheme, located in Tepebasi District of Eskisehir Province. Although construction was completed in 2022,
the scheme was commissioned in 2023 under the management of the Eskisehir Irrigation Union. A distinctive
feature of this project is its implementation in a fully land-consolidated area, allowing for better planning and
infrastructure development. The comparison between the 2023 and 2024 irrigation seasons reveals a
significant improvement in system performance. The irrigation ratio increased from 66% to 92%, despite a
decline in water supply ratio from 0.55 to 0.40. Return on investment (RI) rose markedly from 113% to 298%,
while the maintenance cost to income ratio (MCIR) remained stable at 2%. The irrigated area increased, rising
from 688 to 967 hectares. Although income per irrigated area declined slightly (from $1,397 to $1,089 ha™),
water economic productivity (IUITN) increased from 0.41 to 0.53 US$ m™. The ongoing shift toward
sprinkler and drip irrigation methods highlights a trend toward more efficient water use. These results suggest
that prior land consolidation positively influences both the technical and economic efficiency of irrigation
schemes.

Keywords: Irrigation, irrigation management, economic efficiency
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OZET

Bu calisma, Eskisehir ili Tepebasi ilgesi'nde yer alan Giindiizler Géleti ve Sulamasi'min su kullanimi ve
yonetim etkinligini incelemektedir. insaat: 2022 yilinda tamamlanan proje, 2023 yilinda Eskisehir Sulama
Birligi tarafindan isletmeye alinmigtir. Bu sulama projesinin en ayirt edici 6zelligi, tamamen arazi
toplulastirmas1 yapilmig bir bolgede uygulanmis olmasidir; bu durum, planlama ve altyapi gelistirme
acisindan 6nemli avantajlar saglamaktadir. 2023 ve 2024 sulama sezonlar1 arasindaki karsilastirma, sistem
performansinda dikkate deger bir iyilesme oldugunu gostermektedir. Sulama orami %66’dan %92’ye
yiikselirken, su temin orani 0,55’ten 0,40’a diigsmiistiir. Yatirim geri doniis orani (RI) %113’ten %298’¢
onemli Ol¢iide artarken, bakim maliyeti/girdi oran1 (MCIR) %2 seviyesinde sabit kalmistir. Sulanan alan
artmis, 688 ha’dan 967 ha’ya yiikselmistir. Sulanan alan bagina gelir hafif bir diisiis gostermistir (1.397 $’dan
1.089 $ ha'’a), ancak suyun ekonomik verimliligi (TUITN) 0,41°den 0,53 US$ m=’e yiikselmistir.
Yagmurlama ve damla sulama yontemlerine gecis siirecinin devam etmesi, daha verimli su kullanimina
yonelik egilimi ortaya koymaktadir. Bu sonuglar, 6nceden gerceklestirilen arazi toplulastirmasinin sulama
projelerinin hem teknik hem de ekonomik etkinligini olumlu yonde etkiledigini gostermektedir.

Anahtar kelimeler: Sulama, sulama yonetimi, ekonomik etkinlik
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ABSTRACT

This paper introduces a fertigation system called TURPO CLK FS, which is integrated into Hose Reel
Irrigation Machines. With this integrated fertigation system, liquid chemical fertilizers can be mixed into
irrigation water. Liquid chemical fertilizers are pumped into the water inlet line of the irrigation machine with
a dosing pump. The mixing of the pumped chemical fertilizer and irrigation water is carried out by the turbine
located on the pressurized line of the machine and providing the movement of the drum. Therefore, a mixture
of water and liquid chemical fertilizer with high homogeneity is obtained. The electrical energy required for
the operation of the dosing pump is provided by the accumulator charged by the solar system. In order to
determine the work success of the developed system; pH, EC and TDS parameters with amount of nitrogenous
and phosphorous fertilizers were measured in water samples mixed with chemical fertilizer taken from the
machine work area. Also, the Christiansen uniformity coefficient (CUC) was calculated using the data
obtained from the measurements and analyses. It was determined that the CUC for pH, EC, TDS, amounts of
nitrogen and phosphorous values were between 83.79%-99.9%. The system can be used with hose reel
irrigation machines.

Keywords: Dosing pump, fertigation, hose reel irrigation machine, solar system components
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OZET

Bu bildiride, Otomatik Tamburlu Sulama Makinalarina entegre edilebilen ve TURPO CLK FS adi verilen bir
fertigasyon sistemi tanitilmaktadir. Bu entegre fertigasyon sistemi ile sivi kimyasal giibreler sulama suyuna
karistirilabilmektedir. Sivi kimyasal giibreler, dozaj pompasi ile sulama makinesinin su giris hattina
pompalanmaktadir. Pompalanan kimyasal giibre ile sulama suyunun karistirilmasi, makinenin basingh
hattinda bulunan ve tamburun hareketini saglayan tiirbin tarafindan gerceklestirilmektedir. Boylece yiiksek
homojenlige sahip “su ve sivi kimyasal giibre karisim1” elde edilmektedir. Dozaj pompasinin ¢alismasi i¢in
gerekli elektrik enerjisi, giines enerjisi sistemiyle sarj edilen akiimiilator tarafindan saglanmaktadir.
Gelistirilen sistemin ¢aligma basarisini belirlemek amaciyla; makine ¢aligma alanindan alinan kimyasal giibre
ile kanigtirllmig su orneklerinde pH, EC ve TDS parametreleri ile azotlu ve fosforlu giibre miktarlar
Olciilmiistiir. Ayrica 6l¢iim ve analizlerden elde edilen veriler kullanilarak Christiansen Homojenlik Katsayisi
(CUC) hesaplanmistir. pH, EC, TDS, azot ve fosfor miktarlar i¢in; CUC degerlerinin, %83.79-%99.9
arasinda oldugu belirlenmistir. Sistem otomatik tamburlu sulama makineleri ile kullanilabilir.

Anahtar kelimeler: Dozaj pompasi, fertigasyon, otomatik tamburlu sulama makinesi, giines enerjisi
sistemi bilesenleri
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ABSTRACT

Reference evapotranspiration (ETo) is a critical climatic parameter for agricultural planning and sustainable
water resource management. This study aims to estimate monthly ETo in Paraguay using only geographic
variables—latitude, longitude, elevation—and the number of the month as inputs. ETo values were computed
for 19 meteorological stations from 2018 to 2022 using the FAO-56 Penman-Monteith method and modeled
using machine learning algorithms, including Multilayer Perceptron (MLP), Radial Basis Neural Network
(RBNN), Adaptive Neuro-Fuzzy Inference System (ANFIS), Random Forest (RF), k-Nearest Neighbors
(KNN), Support Vector Machines (SVM), and XGBoost (XGB). The study was conducted in four stages. In
Stage 1, the best performance was achieved with KNN (R? = 0.906, RMSE = 0.394) and RF (R>=0.913,
RMSE = 0.379). MLP yielded the lowest accuracy (R* = 0.882) due to its limited architecture. ANFIS with
the gaussmf membership function performed strongly (R?=0.951, RMSE = 0.289) but showed instability for
certain stations . In Stage 2, ensemble models combining multiple algorithms increased prediction stability,
reaching up to R? = (0.925. Stage 3, based on leave-one-station-out validation, confirmed that RF, XGB, and
KNN achieved R? > 0.95 for most stations. Finally, in Stage 4, spatial ETo distribution maps were generated
using the Inverse Distance Weighting interpolation (IDW) method, reflecting realistic seasonal and
geographic patterns. These results demonstrate that reliable ETo estimation is achievable using only minimal
input variables. RF, XGB, and KNN models offer robust and practical alternatives for agricultural water
management, particularly in data-scarce regions like Paraguay.

Keywords: Reference evapotranspiration, machine learning, geographical variables, ensemble
modeling, IDW interpolation
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OZET

Referans evapotranspirasyon (ETo), tarimsal planlama ve siirdiiriilebilir su kaynaklar1 yonetimi i¢in kritik bir
iklim parametresidir. Bu ¢aligma, Paraguay’da yalnizca cografi degiskenler—enlem, boylam, yiikselti—ve
ay numarasi kullanilarak aylik ETo tahminini amaglamaktadir. ETo degerleri, 2018—2022 yillar1 arasinda 19
meteoroloji istasyonu i¢in FAO-56 Penman-Monteith yontemiyle hesaplanmis ve su makine dgrenmesi
algoritmalan ile modellenmistir: Cok Katmanli Algilayict (MLP), Radyal Tabanli Sinir Ag1 (RBNN),
Uyarlanabilir Bulanik Cikarim Sistemi (ANFIS), Rastgele Orman (RF), En Yakin Komsular (KNN), Destek
Vektor Makineleri (SVM) ve XGBoost (XGB). Calisma dort asamada gerceklestirilmistir. 1. Asamada en iyi
performans KNN (R? = 0,906, RMSE = 0,394) ve RF (R?>= 0,913, RMSE = 0,379) ile elde edilmistir. MLP
sinirli mimarisi nedeniyle en diisiik dogrulugu vermistir (R? = 0,882). Gauss iiyelik fonksiyonu kullanilan
ANFIS yiiksek performans gostermistir (R? = 0,951, RMSE = 0,289), ancak baz istasyonlar i¢in kararsizlik
sergilemistir. 2. Asamada, birden fazla algoritmanin birlestirildigi topluluk (ensemble) modelleri, tahmin
kararliligini artirmis ve R? = 0,925 seviyelerine ulasmistir. 3. Asamada, her bir istasyonun sirayla diglandigi
capraz dogrulama (leave-one-station-out) yontemiyle RF, XGB ve KNN’nin ¢ogu istasyonda R? > 0,95
sagladigr goriilmiistiir. Son olarak, 4. Asamada IDW yontemiyle mekansal ETo dagilim haritalar
olusturulmus ve mevsimsel ve cografi desenler gercekei sekilde yansitilmistir. Bu sonuglar, yalnizca minimal
girig degiskenleri kullanilarak giivenilir ETo tahmininin miimkiin oldugunu ortaya koymaktadir. RF, XGB ve
KNN modelleri, 6zellikle Paraguay gibi veri kitlig1 yasanan bolgelerde, tarimsal su yonetimi i¢in saglam ve
uygulanabilir alternatifler sunmaktadir.

Anahtar kelimeler: Referans evapotranspirasyon, makine 6grenimi, cografi degiskenler, xgboost,
topluluk modelleme, IDW interpolasyonu
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OZET

Giiniimiizde su kaynaklar1 {izerindeki baski artmakta ve bu durum, tarimda en fazla su kullanan bitkilerden
biri olan ¢eltigi olumsuz etkilemektedir. Bu nedenle ¢eltik bitkisinin ¢ok daha az suyla yetistirilmesi
kacinilmaz goriinmektedir. Damla sulama bu anlamda s6z konusu tasarrufu iist diizeyde saglasa da sulama
yonetimi agisindan dogru stratejilerin uygulanmasi zorunludur. Bu caligmada, insansiz hava araglarina
yerlestirilen multispektral kameralarla hesaplanan spektral indekslerin ¢eltikte sulama yonetiminde
kullanilabilirligi arastirilmigtir. Sulamalar, toprak nem sensorleri kullanilarak uzaktan izlenmis ve ii¢ farkl
sulama seviyesi uygulanmistir: tarla kapasitesinin %100’#, %125’1 ve %150’si. Calismada ¢eltigin yetisme
periyodu boyunca her hafta goriintii alinmis ve alinan goriintiilerden Normallestirilmis Fark Vejetasyon
Indeksi (NDVI), Normallestirilmis Fark Su Indeksi (NDWI) ve Normallestirilmig Fark Kirmiz1 Kenar indeksi
(NDRE) indeksleri hesaplanmistir. Calisma sonucunda, her ii¢ spektral indeksin de sulama diizeylerine gore
degisiklik gosterdigi tespit edilmistir. Sulama diizeyleri arasindaki farkliliklar, geltik bitkisinin kardeslenme
donemi baslangici ile daha da belirgin olmustur. Ayrica spektral indeksler ile verim arasinda da Gnemli
iligkiler bulunmustur. S6z konusu tekniklerin geltikte su yonetiminde ve verim tahmininde kullanigh birer
ara¢ oldugu sonucuna varilmigtir.

Anahtar kelimeler: Celtik, IHA, sulama, uzaktan algilama

Not: Bu proje (FBA-2024-4777) Canakkale Onsekiz Mart Universitesi Bilimsel Arastirma Projeleri
tarafindan desteklenmigtir.

165


mailto:hakannar22@gmail.com

ICASI 2025
3. ULUSLARARASI & 16. ULUSAL TARIMSAL YAPILAR VE SULAMA KONGRESI
24-27 HAZIRAN 2025

SPECTRAL INDEX-BASED APPROACH FOR IRRIGATION SCHEDULING IN
DRIP-IRRIGATED RICE
MSc Agricultural Engineer Hakan NAR!
Canakkale Onsekiz Mart University, Faculty of Agriculture, Department of Farm Structures and Irrigation, Canakkale,
Tiirkiye
ORCID: 0000-0002-5354-6379 hakannar22@gmail.com
Prof. Dr. Gokhan CAMOGLU?
Canakkale Onsekiz Mart University, Faculty of Agriculture, Department of Farm Structures and Irrigation, Canakkale,
Tirkiye
ORCID: 0000-0002-3458-7618
Prof. Dr. R. Ciineyt ERENOGLU?
Canakkale Onsekiz Mart University, Faculty of Engineering, Department of Geomatics Engineering, Canakkale,
Tirkiye
Assist. Prof. Dr. Uyesi Sefa AKSU*
Canakkale Onsekiz Mart University, Faculty of Agriculture, Department of Farm Structures and Irrigation, Canakkale,
Tirkiye
ORCID: 0000-0002-2348-4082
Prof. Dr. Kiirsad DEMIRELS?
Canakkale Onsekiz Mart University, Faculty of Architecture and Design, Department of Landscape Architecture,
Canakkale, Tiirkiye ORCID: 0000-0002-2029-5884
Aylin ORHANS®
Canakkale Onsekiz Mart University, Faculty of Agriculture, Department of Farm Structures and Irrigation, Canakkale,
Tirkiye
Prof. Dr. Unal KIZIL’
Canakkale Onsekiz Mart University, Faculty of Agriculture, Department of Farm Structures and Irrigation, Canakkale,
Tirkiye
ORCID: 0000-0002-8512-3899
Prof. Dr. Erhan AKKUZU?
Ege University, Faculty of Agriculture, Department of Farm Structures and Irrigation, Izmir, Tiirkiye
ORCID: 0000-0002-9069-2922
MSc Agricultural Engineer Sener OZCELIK®
International Agricultural Research and Training Center, 35660, Izmir, Tiirkiye
ORCID: 0000-0002-1470-6827

ABSTRACT

The increasing pressure on water resources today is negatively affecting paddy rice, which is among the most
water-demanding crops in agriculture. Therefore, cultivating rice with significantly less water has become
inevitable. Although drip irrigation offers high potential for water savings, the implementation of effective
irrigation management strategies remains essential. This study investigated the applicability of spectral
indices, calculated using multispectral cameras mounted on unmanned aerial vehicles (UAVs), in rice
irrigation management. Irrigation was remotely monitored via soil moisture sensors, and three different
irrigation levels were applied: 100%, 125%, and 150% of field capacity. Throughout the growing season,
weekly imagery was captured, and three spectral indices were calculated from the acquired images: the
Normalized Difference Vegetation Index (NDVI), the Normalized Difference Water Index (NDWI), and the
Normalized Difference Red Edge Index (NDRE). The results revealed that all three indices varied
significantly depending on the irrigation levels. These differences became more pronounced from the
beginning of the tillering stage of rice. Additionally, strong correlations were observed between the spectral
indices and yield. It was concluded that these techniques are effective tools for irrigation management and
yield estimation in rice cultivation.

Keywords: Rice, UAYV, irrigation, remote sensing

Note: This study was supported by the Scientific Research Projects Coordination Unit of Canakkale Onsekiz
Mart University under project number FBA-2024-4777.
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OZET

Giiniimiizde artan niifus, iklim degisikligi ve kuraklik gibi faktorlerin etkisiyle su kaynaklar tizerindeki baski giderek
artmakta ve bu durum tarimsal iiretimi dogrudan etkilemektedir. Ozellikle bitkisel iiretimde en yiiksek su tiiketimi olan
celtik, mevcut su kaynaklarmin siirdiiriilebilir kullanim1 agisindan kritik bir 6neme sahiptir. Geleneksel yontemlerle
yapilan ¢eltik yetistiriciligi, fazla su kullanimi nedeniyle hem ¢evresel hem de ekonomik agidan siirdiiriilebilirligi tehdit
etmektedir. Bu baglamda, geltik iiretiminde su kullanim etkinligini artirmak ve su tasarrufu saglamak amaciyla alternatif
sulama yontemlerine olan ihtiyag¢ her gegen giin artmaktadir. Damla sulama, bu anlamda s6z konusu tasarrufu iist
diizeyde saglasa da sulama yonetimi agisindan dogru stratejilerin uygulanmasi zorunludur. Bu ¢aligmada, insansiz hava
araglarina yerlestirilen multispektral kameralarla hesaplanan spektral indekslerin ¢eltikte sulama ydnetiminde
kullanilabilirligi arastirilmigtir. Sulamalar, toprak nem sensorleriyle uzaktan takip edilmis olup ii¢ sulama diizeyi (%100,
%125 ve %150) uygulanmistir. Caligmada ¢eltigin yetisme periyodu boyunca farkli tarihlerde goriintiiler alinmis ve
alinan bu goriintiilerden Normallestirilmis Fark Kirmizi Kenar Indeksi (NDRE), Normallestirilmis Fark Vejetasyon
Indeksi (NDVI) ve Toprak Yansimasim Dikkate Alan Vejetasyon indeksi (SAVI) hesaplanmistir. Calisma sonucunda,
her tli¢ spektral indeksin de sulama diizeylerine gore degisiklik gosterdigi tespit edilmistir. En yiiksek NDRE, NDVI ve
SAVI degerleri S150 konusunda ve sirastyla 0.51, 0.94 ve 0,72 olarak bulunmustur. Sulama diizeyleri arasindaki
farkliliklar, geltik bitkisinin kardeslenme donemi sonrasinda daha da belirgin olmustur. Ayrica spektral indeksler ile
verim arasinda da 6nemli iliskiler bulunmustur. NDRE, NDVI ve SAVI indekslerinin verim ile olan iligkisi hem dogrusal
hem de polinomiyal regresyon modelleriyle incelenmistir. NDRE ile verim arasindaki iliski son derece yiiksek diizeyde
olup dogrusal modelde R? = 0.93, polinomiyal modelde ise R? = 0.98 olarak belirlenmistir. NDVI ile verim arasindaki
iliskide de benzer bir egilim gozlenmistir. Dogrusal modelde R? = 0.80, polinomsal modelde ise R? = 0.95 olarak
bulunmustur. SAVI indeksinin verim ile olan iliskisi ise diger indekslerden biraz daha diisiik elde edilmis olup dogrusal
modelde R?=0.75, polinomiyal modelde de R? = 0.80 olarak hesaplanmistir. Bu ¢alismada ele alinan tekniklerin ¢eltikte
su yonetiminde ve verim tahmininde kullanish birer ara¢ oldugu sonucuna varilmistir.

Anahtar kelimeler: Celtik, IHA, sulama, uzaktan algilama
Not: Bu proje (FBA-2024-4777) Ganakkale Onsekiz Mart Universitesi Bilimsel Arastirma Projeleri tarafindan

desteklenmigtir.
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ABSTRACT

The sustainable management of agricultural water resources has become an increasingly strategic priority in
the face of accelerating climate change, intensifying water scarcity, and the growing pressure to meet global
food security demands. In this context, irrigation management strategies and decision support systems that
feature irrigation scheduling with the correct amount of water at the right time are gaining prominence.
Model-based irrigation scheduling has become an indispensable component of modern agriculture. These
data-driven approaches not only optimize agricultural production by ensuring the efficient use of water but
also offer significant contributions to environmental sustainability. TAGEM-SuET (Irrigation Management
and Crop Evapotranspiration System), a national digital irrigation decision support system developed by
TAGEM, is capable of programming irrigation schedules for different irrigation methods using local climate
data and crop coefficients. With its user-friendly interface that is open to continuous development and
updates, it contributes to both economic and environmental sustainability for cultivated crops by calculating
irrigation module and water source requirements for individual or larger areas. In this paper, ETo (mm), ETa
(mm), irrigation water amount (mm) and yield values calculated by TAGEM-SuET decision support system
for grain maize grown under Ankara conditions were compared with FAO based CROPWAT and AquaCrop
models. According to the data obtained, CROPWAT was 4% higher in ETo, CROPWAT was 3% lower,
AquaCrop was 4% higher in ETc values, CROPWAT was 3% lower, AquaCrop was 4% higher in ETa, and
there was no significant difference with CROPWAT in irrigation water, while AquaCrop was 3% higher. In
conclusion, TAGEM-SuET surpasses these two models through its suitability for Tiirkiye-specific conditions,
offering practical and effective solutions to producers.

Keywords: AquaCrop, CROPWAT, irrigation scheduling, decision support system
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OZET

Tarimsal su kaynaklarinin siirdiiriilebilir yonetimi, hizlanan iklim degisikligi, yogunlasan su kithig1 ve kiiresel
gida giivenligi taleplerini karsilamaya yonelik artan baski karsisinda giderek daha stratejik bir 6ncelik haline
gelmistir. Bu baglamda, dogru zamanda dogru miktarda sulama zaman programinin yer aldigi sulama
yoOnetimi stratejileri ve karar destek sistemleri 6n plana ¢ikmaktadir. Model temelli sulama planlamasi,
modern tarimin vazgegilmez bir parcast haline gelmistir. Veriye dayali bu yaklasimlar, suyun verimli
kullanimini saglayarak tarimsal {iretimi optimize etmenin yani sira, ¢evresel siirdiiriilebilirlige de onemli
katkilar sunmaktadir. TAGEM tarafindan gelistirilen yerli dijital sulama karar destek sistemi olan TAGEM-
SuET (Sulama Y 6netimi ve Bitki Su Tiiketimi Sistemi) yerel iklim verileri ve bitki katsayilar ile farkli sulama
yontemlerine gore sulama zaman programlamasi kapasitesine sahiptir. Ayn1 zamanda bireysel veya daha
biiylik alanlarda sulama modiilii ve su kaynagi ihtiyact hesaplayarak siirekli gelistirilmeye ve giincellenmeye
acik kullanici dostu ara yiiziiyle, yetistirilen bitkilerde hem ekonomik hem de gevresel siirdiiriilebilirlige katki
saglamaktadir. Bu bildiride, Ankara kosullarinda yetistirilen dane musir bitkisinde TAGEM-SuET karar
destek sistemi ile hesaplanan ETo (mm), ETa (mm), sulama suyu miktari (mm) ve verim degerleri FAO
kaynakli CROPWAT ve AquaCrop modelleriyle karsilastirilmistir. Elde edilen verilere gore sirastyla ETo %4
CROPWAT fazla, ETc degerlerinde, CROPWAT %3 diisiik, AquaCrop %4 fazla, sulama suyunda ise
CROPWAT ile anlamli bir fark bulunmazken, AquaCrop ise %3 daha fazla deger almistir. Sonug olarak
TAGEM-SuET, Tiirkiye’ye 6zgii kosullara uygunlugu sayesinde bu iki modelin 6tesine gecerek, tireticilere
pratik ve etkili ¢dziimler sunmaktadir.

Anahtar kelimeler: AquaCrop, CROPWAT, sulama zaman programlama, karar destek sistemi
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ABSTRACT

In this study, green water footprint (WF) values for maize production were compared in three different agro-
climatic regions of Tirkiye: Ceyhan (Mediterranean), Kiziltepe (Southeastern Anatolia), and Mihaliggik
(Central Anatolia), based on simulations conducted using the AquaCrop and CROPWAT models developed
by the Food and Agriculture Organization (FAO). According to the AquaCrop results, the green WF of maize
production was calculated as 136 m3/ton in Ceyhan, 91 m3/ton in Kiziltepe, and 166 m*/ton in Mihaliggik. In
contrast, the CROPWAT model yielded green WF values of 129, 81, and 183 m?'ton for the same regions,
respectively. The differences between the models were calculated as 5.1% in Ceyhan (higher in AquaCrop),
11% in Kiziltepe (higher in AquaCrop), and 9.3% in Mihaligcik (higher in CROPWAT). These discrepancies
stem from differences in input parameters and the models' approaches to simulating crop growth processes.
AquaCrop is found to model plant physiology and plant-soil-atmosphere interactions more comprehensively,
whereas CROPWAT operates with fewer input parameters and more generalized assumptions. The 10.2%
higher value provided by CROPWAT in Mihaliggik suggests a tendency of the model to reflect excessive
water consumption under low precipitation conditions. Conversely, the 11% difference observed in Kiziltepe
indicates that AquaCrop performs more sensitive calculations regarding the soil’s water retention capacity
under wetter conditions. The findings reveal that region-specific model selection can lead to significant
differences in water footprint assessments. Based on the results obtained, it is concluded that the AquaCrop
model provides more reliable estimates, particularly under variable climatic conditions.

Keywords: AquaCrop, CROPWAT, water footprint
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OZET

Bu calismada Tiirkiye'nin ti¢ farkli agroklimatik bdlgesinde yer alan Ceyhan (Akdeniz), Kiziltepe
(Giineydogu Anadolu) ve Mihaligeik’da (I¢ Anadolu) musir {iretimine ait yesil su ayak izi degerleri (SA),
Food and Agriculture Organization (FAO) tarafindan gelistirilen AquaCrop ve CROPWAT modelleriyle
yapilan simiilasyonlar sonucunda karsilastiriimigtir. AquaCrop sonuglarina gére misir iiretiminin yesil SA
degeri Ceyhan’da 136 m3/ton, Kiziltepe’de 91 m3/ton ve Mihaliggik’ta 166 m3/ton olarak elde edilmistir.
CROPWAT modelinde ise ayn1 bolgelerde yesil SA degeri sirasiyla 129, 81 ve 183 m?/ton degerleri elde
edilmistir. Modeller arasi1 fark Ceyhan’da %35,1 (AquaCrop daha yiiksek), Kiziltepe’de %11 (AquaCrop daha
yliksek), Mihaligcik’ta ise %9,3 (CROPWAT daha yiiksek) olarak hesaplanmistir. Bu farklar modellerin girdi
parametrelerine ve bitki biiylime siireclerine yaklasim farkliliklarindan kaynaklanmaktadir. AquaCrop'un
bitki fizyolojisini ve bitki-toprak-atmosfer etkilesimini daha iyi modelledigi, diger yandan CROPWAT 1n bu
etkilesimi daha az girdi parametreleri ve daha genel varsayimlarla isledigi goriilmektedir. Mihaliggik’ta
CROPWAT’m AquaCrop’a gore %10,2 daha yiiksek deger vermesi, modelin diisiik yagis kosullarinda asir1
su tiketimini yansitma egilimine isaret etmektedir. Buna karsin Kiziltepe’deki %11°lik fark, yagish
kosullarda AquaCrop’un topragin su tutma kapasitesine daha duyarli hesaplamalar yaptigini1 géstermektedir.
Sonuglar, bolgeye 6zgii model se¢iminin su ayak izi analizlerinde énemli farkliliklara yol agabilecegini ortaya
koymaktadir. Elde edilen veriler 15181nda, AquaCrop modelinin 6zellikle degisken iklim kosullarinda daha
giivenilir tahminler sundugu sonucuna varilmaistir.

Anahtar kelimeler: AquaCrop, CROPWAT, su ayak izi
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ABSTRACT

Irrigation water scheduling is crucial for the most efficient use of increasingly scarce water. Over-irrigation
reduces yields, while misapplication causes various environmental problems. Therefore, effective
management of irrigation frequency and irrigation level is necessary to sustain productivity under limited
water conditions. The objective of this study was to evaluate water productivity under various irrigation
regimes during the 2014 and 2015 peanut growing seasons in the Eastern Mediterranean. Field trials were
conducted with treatments consisting of three irrigation frequencies (IF) (IF1: 25 mm; IF2: 50 mm; and IF3:
75 mm cumulative pan evaporation (CPE)) and four irrigation water levels (WL1 =0.50, WL2 = (.75, WL3
= 1.0 and WL4 = 1.25). Treatments WL1, WL2, WL3 and WL4 received 50, 75, 100 and 125% of the
cumulative pan evaporation. The CSM-CROPGRO-peanut model was calibrated with 2014 data and
evaluated with 2015 data. The model simulated the time to flowering and physiological maturity, peanut yield
and dry matter weight quite well under different irrigation regimes. It showed good agreement between
measured and simulated soil water content (SWC) with low root mean square error of mean squares (RMSEn)
values. The result showed that the IF21125 irrigation regime produced the highest seed yield. The results also
showed that the crop model will be a precision agriculture tool for decision management and allocation of
irrigation water resources under current and future climatic conditions.

Keywords: Irrigation strategies, mediterranean region, model evaluation, water stress
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OZET

Sulama suyu planlamasi, giderek azalan suyun en verimli sekilde kullanilmasi i¢in ¢ok Onemlidir. Asir
sulama verimi diisiirlirken, yanlis uygulama da ¢esitli cevresel sorunlara neden olmaktadir. Bu nedenle, sinirlt
su kosullar1 altinda verimliligi siirdiirmek i¢in sulama siklig1 ve sulama seviyesinin etkin yonetimi gereklidir.
Bu calismanin amaci, Dogu Akdeniz'de 2014 ve 2015 yerfistig1 yetistirme sezonlarinda c¢esitli sulama
rejimlerinde su verimliligini degerlendirmektir. Tarla denemeleri, ii¢ sulama siklig1 (IF) (IF1: 25 mm; IF2:
50 mm ve IF3: 75 mm y18isiml pan buharlagsmasi (CPE)) ve dort sulama suyu seviyesinden (WL1 = 0.50,
WL2 =0.75, WL3 = 1.0 ve WL4 = 1.25) olusan uygulamalarla yiiritilmiistir. WL1, WL2, WL3 ve WL4
konular1 y1gisimli pan buharlasmasimin %50, 75, 100 ve 125'ini almistir. CSM-CROPGRO-yerfistigi modeli
2014 yili verileri kalibre edilmis ve 2015 y1l1 verileriyle degerlendirilmistir. Model, farkli sulama rejimlerinde
ciceklenmeye ve fizyolojik olgunluga varis siiresini, verimi, kuru madde agirligini oldukga iyi simiilasyon
yapmustir. Olgiilen ve simiile edilen toprak su igerigi (SWC) arasinda diisiik diisiik hata kareler ortalamasinin
karekokii (RMSEn) degerleriyle iyi bir uyum oldugunu gostermistir. Sonugta, [F21125 sulama rejiminin en
yiiksek tohum verimini {irettigini gostermistir. Sonuglar ayrica iiriin modelinin mevcut ve gelecekteki iklim
kosullarinda sulama suyu kaynaklarinin tahsisi ve karar yonetimi i¢in hassas bir tarim araci olacagini
gOstermistir.

Anahtar kelimeler: Akdeniz bolgesi, model degerlendirme, su stresi, sulama stratejileri
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YAN ETKINLIK 1 - BiTKi BUYUME MODELLERININ iKLiM DEGIiSIKLiGi ETKi, UYUM,
ADAPTASYON CALISMALARINDA ONEMi

SIDE EVENT 1 - THE IMPORTANCE OF CROP SIMULATION MODELS FOR CLIMATE
CHANGE IMPACT ASSESSMENT, ADAPTATION, AND MITIGATION

DSSAT & CROP MODELING - DEVELOPING SUSTAINABLE SOLUTIONS FOR
AGRICULTURE UNDER CLIMATE UNCERTAINTY

Prof. Dr. Gerrit Hoogenboom
University of Florida, Agricultural and Biological Engineering, Gainesville, Florida, USA

ABSTRACT

Farming remains a fundamentally risky enterprise, constantly challenged by climate variability, volatile
market prices, and shifting governmental policies. As climate change intensifies these uncertainties,
traditional trial-and-error agronomic methods are no longer sufficient to ensure global food security. This
work highlights the critical role of the systems approach, particularly through the Decision Support System
for Agrotechnology Transfer (DSSAT), in transforming agricultural research into actionable management
options. By integrating diverse scientific disciplines such as crop physiology, soil science, and
agrometeorology, these simulation models allow for a deeper understanding of how different management
strategies perform across various environments. Case studies, including sunflower production in Tiirkiye and
rice-wheat systems in Pakistan, illustrate how modeling can diagnose yield gaps and evaluate adaptation
strategies such as improved irrigation and adjusted planting dates. Ultimately, crop simulation models serve
as essential decision-support tools that empower producers and policymakers to design sustainable systems
that are resilient to climate variability while maintaining economic and environmental health.

Keywords: DSSAT, crop simulation modeling, climate change, decision support systems, sustainable
agriculture

174



ICASI 2025
3. ULUSLARARASI & 16. ULUSAL TARIMSAL YAPILAR VE SULAMA KONGRESI
24-27 HAZIRAN 2025

DSSAT ve BITKi MODELLEMESI — iKLiM BELIiRSiZLiGi ALTINDA TARIM iCiN
SURDURULEBILIR COZUMLERIN GELISTIRILMESI

Prof. Dr. Gerrit HOOGENBOOM
University of Florida, Agricultural and Biological Engineering, Gainesville, Florida, ABD

OZET

Tarimsal iiretim, iklim degiskenligi, dalgali piyasa fiyatlar1 ve degisen kamu politikalar1 gibi faktrlerden
siirekli olarak etkilenen, dogasi geregi riskli bir faaliyet alami olarak degerlendirilmektedir. Iklim
degisikliginin bu belirsizlikleri daha da artirmasiyla birlikte, geleneksel deneme-yanilma temelli agronomik
yaklagimlarin kiiresel gida giivenliginin saglanmasi agisindan yeterli olmadig1 goriilmektedir. Bu ¢alismada,
ozellikle Agroteknoloji Transferi i¢in Karar Destek Sistemi (Decision Support System for Agrotechnology
Transfer — DSSAT) araciligtyla uygulanan sistem yaklagiminin, tarimsal arastirma ¢iktilarinin uygulanabilir
yonetim segeneklerine doniistliriilmesindeki kritik rolii vurgulanmistir. Bitki fizyolojisi, toprak bilimi ve
agrometeoroloji gibi farkli bilim alanlarinin entegrasyonu ile gelistirilen bu simiilasyon modelleri sayesinde,
farkli yonetim stratejilerinin ¢esitli ¢cevresel kosullar altinda nasil performans gosterdiginin daha kapsamli
bicimde anlagilmasina olanak saglanmaktadir. Tiirkiye’de ay¢igegi liretimi ve Pakistan’da piring—bugday
tretim sistemleri iizerine gergeklestirilen 0rnek ¢aligmalar araciligiyla, modelleme yaklagimlarinin verim
aciklariin belirlenmesinde ve gelistirilmis sulama uygulamalari ile ekim tarihlerinin ayarlanmasi gibi uyum
stratejilerinin degerlendirilmesinde nasil kullanilabildigi ortaya konulmustur. Sonug olarak, bitki simiilasyon
modellerinin, iireticilerin ve politika yapicilarin iklim degiskenligine kars1 dayanikli, ekonomik ve gevresel
acidan stirdiiriilebilir tarimsal sistemler tasarlamalarina olanak saglayan 6nemli karar destek araglari oldugu
degerlendirilmistir.

Anahtar kelimeler: DSSAT, bitki simiilasyon modellemesi, iklim degisikligi, karar destek sistemleri,
siirdiiriilebilir tarim
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ABSTRACT

In this study, a scheme for determining irrigation/leaching depths is presented. This scheme was developed
by utilizing the numerical crop response model WASH 2D in combination with weather forecasts. For each
irrigation event, the optimal depth is determined by maximizing the virtual income, which is defined as being
proportional to the increment in transpiration during the irrigation interval. The cost of water is also
considered within this framework. In the original scheme, three trials—zero, maximum, and midpoint—are
conducted to identify the optimal irrigation depth. The governing equations and sub-models related to root
water uptake, plant growth, and the effect of vegetation on evaporation are outlined. Additionally, a newly
introduced sub-model for dynamic root development is also briefly presented. Furthermore, two simplified
variants of the scheme are introduced: the two-point method and a version in which the "update run" is omitted
by using actual weather data. The results from several field experiments conducted to evaluate the
effectiveness of the proposed scheme are presented. These results demonstrate that net farmer income can be
increased under volumetric water pricing, even in saline environments.

Keywords: WASH_2D model, irrigation optimization, leaching depth, weather forecast, water pricing
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OZET

Bu ¢aligmada, sulama/yikama derinliklerinin belirlenmesi i¢in bir yontem sunulmustur. Bu yontem, sayisal
bitki tepki modeli WASH_2D'nin hava tahminleriyle birlikte kullanilmasiyla gelistirilmistir. Her bir sulama
olay1 i¢in, optimal derinlik, sulama aralig1 boyunca terleme artistyla orantili olarak tanimlanan sanal gelirin
maksimize edilmesiyle belirlenmektedir. Bu siirecte, su maliyeti de dikkate alinmistir. Orijinal yontemde,
optimal sulama derinligini belirlemek amaciyla sifir, maksimum ve orta nokta olmak iizere {i¢ deneme
yapilmigtir. Kok suyu alimi, bitki biiylimesi ve bitki Ortiisiiniin buharlagsma tizerindeki etkisiyle iligkili
yonetici denklemler ve alt modeller 6zetlenmistir. Ayrica, yeni tanitilan dinamik kok gelisimi alt modeli de
kisaca sunulmustur. Ek olarak, yontemin iki basitlestirilmis varyanti tanitilmistir: iki noktali yontem ve
gercek hava verileri kullanilarak "giincelleme g¢alistirmasinin (update run)" atlanabildigi bir versiyon.
Onerilen yontemin etkinligini degerlendirmek amaciyla gergeklestirilen gesitli tarla deneylerinden elde edilen
sonuclar sunulmustur. Bu sonugclar, hacimsel su fiyatlandirmas: altinda, tuzlu ortamlar gibi zorlu kosullarda
dahi net cift¢i gelirinin artirilabilecegini gostermektedir.

Anahtar kelimeler: WASH_2D modeli, sulama optimizasyonu, yikama derinligi, hava durumu tahmini,
su fiyatlandirmasi
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ABSTRACT

Extreme weather and climate events have caused substantial economic losses across Europe, totaling
approximately €600 billion between 1980 and 2022. In 2022 alone, an intense heatwave resulted in the loss
of around 490 billion work hours continent-wide. The severity of climate extremes in 2024 has further
highlighted these risks, with Central Europe experiencing a combination of prolonged droughts, sudden flash
floods, and abrupt temperature drops. For example, Cyclone Boris caused devastating floods in Central and
Eastern Europe when it became blocked between two anticyclones, producing intense rainfall over a confined
area. This event was intensified by unusually high sea surface temperatures in the Mediterranean — a clear
consequence of global warming — along with deeper surface pressure anomalies and a weakened
stratospheric vortex that allowed polar air to penetrate mid-latitudes. Such sudden and compound weather
extremes pose severe risks for field-grown tomatoes (Solanum lycopersicum L.) by damaging flowers and
fruit, increasing plant stress, and complicating traditional management practices. Tomatoes are among the
world’s most important horticultural crops, cultivated on approximately 5 million hectares with annual global
production exceeding 189 million tonnes. They contribute significantly to nutrition, culinary diversity, and
rural livelihoods. Nonetheless, climate change not only poses challenges to stable tomato production but also
creates opportunities for expansion in regions like Central Europe.

This study employs the DSSAT-CROPGRO-Tomato crop model (v4.8) to simulate tomato yield responses
under projected climate scenarios for the Czech Republic. The model was calibrated and validated using local
field data on phenology, yield attributes, and management practices to capture genotype x environment X
management (GXExM) interactions. Cardinal temperature thresholds were refined to enhance simulation
accuracy for vegetative and reproductive growth phases.

Under RCP4.5 climate projections for 2021-2060, baseline average yields of ~35 t/ha are projected to decline
by 6% by the 2040s and by 11% by the 2060s without adaptation measures. Yield variability is expected to
increase from 12% to 18%, with severe droughts potentially causing yield losses of up to 25%. Rising
temperatures are projected to increase irrigation demands by 15-25%, and unmanaged water stress alone
could reduce yields by up to 18%. Notably, simulations indicate that moderate water stress may enhance fruit
quality.

The CROPGRO-Tomato model provides a robust decision-support framework for optimizing planting
schedules, selecting climate-resilient cultivars, and improving irrigation strategies under changing conditions.
Simulated adaptation measures—including adjusted sowing dates, adoption of heat- and drought-tolerant
varieties, and refined irrigation regimes—can enhance resilience and stabilize yields. Additionally, earlier
maturity and extended growing seasons could create new economic opportunities by expanding production
windows in Central Europe.

Keywords: DSSAT-CROPGRO-Tomato, climate scenarios, compound weather events, yield
simulation, adaptation strategies
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OZET

Asirt hava ve iklim olaylari, 1980 ile 2022 yillar1 arasinda Avrupa genelinde yaklasik 600 milyar € tutarinda
onemli ekonomik kayiplara neden olmustur. Yalnizca 2022 yilinda, siddetli bir sicak dalgasi kitada yaklagik
490 milyar calisma saatinin kaybedilmesine yol agmistir. 2024 yilinda iklim olaylarinin siddeti bu riskleri
daha da belirgin hale getirmistir. Orta Avrupa, uzun siireli kuraklik, ani sel baskinlar1 ve ani sicaklik
diisiislerinin birlesimini yasamistir. Ornegin, Siklon Boris, iki antisiklon arasinda sikisarak smirl bir alanda
yogun yagislara neden oldugunda, Orta ve Dogu Avrupa'da yikici sel baskinlarina yol agmistir. Bu olay,
kiiresel 1sinmanin agik bir sonucu olan Akdeniz'deki olagandis1 yiiksek deniz yiizeyi sicakliklari, daha derin
yiizey basinct anomalileri ve kutup havasinin orta enlemlere niifuz etmesine izin veren zayiflamig stratosferik
girdap ile daha da siddetlendi. Bu tiir ani ve karmasik asir1 hava kosullari, cigceklere ve meyvelere zarar
vererek, bitki stresini artirarak ve geleneksel yonetim uygulamalarini zorlastirarak tarlada yetistirilen
domatesler (Solanum lycopersicum L.) i¢in ciddi riskler olusturmaktadir. Domatesler, diinyanin en énemli
bahge bitkileri arasinda yer alir ve yaklasik 5 milyon hektarlik bir alanda yetistirilirken, yillik kiiresel tiretimi
189 milyon tonu agmaktadir. Domatesler, beslenme, mutfak ¢esitliligi ve kirsal gecim kaynaklarina énemli
katkida bulunur. Bununla birlikte, iklim degisikligi sadece istikrarli domates {iretimine zorluklar yaratmakla
kalmaz, ayn1 zamanda Orta Avrupa gibi bolgelerde genisleme firsatlar1 da yaratir.

Bu ¢alismada, Cek Cumhuriyeti i¢in dngoriilen iklim senaryolari altinda domates verimini simiile etmek igin
DSSAT-CROPGRO-Tomato mahsul modeli (v4.8) kullanilmistir. Model, fenoloji, verim ozellikleri ve
yoOnetim uygulamalari ile ilgili yerel saha verileri kullanilarak kalibre edilmis ve dogrulanmistir. Bu sayede
genotip X ¢evre x yonetim (GXExM) etkilesimleri belirlenmistir. Vejetatif ve iireme biiyiime asamalari i¢in
simiilasyon dogrulugunu artirmak amactyla temel sicaklik esikleri iyilestirilmistir.

RCP4.5 iklim tahminlerine gore, 2021-2060 yillart igin, uyum Onlemleri alinmazsa, ~35 t/ha olan temel
ortalama verimin 2040'larda %6, 2060'larda ise %11 azalacagi tahmin edilmektedir. Verim degiskenliginin
%12'den %18'e ¢ikmasi beklenirken, siddetli kurakliklarin verim kayiplarina %?25'e varan oranlarda neden
olabilecegi tahmin edilmektedir. Artan sicakliklarin sulama ihtiyacini %15-25 oraninda artiracagi
Ongoriiliirken, yonetilmeyen su stresi tek bagina verimi %18'e varan oranlarda azaltabilir. Simiilasyonlar, orta
dereceli su stresinin meyve kalitesini artirabilecegini gostermektedir.

CROPGRO-Tomato modeli, ekim programlarini optimize etmek, iklime dayamikli cesitleri segmek ve
degisen kosullar altinda sulama stratejilerini iyilestirmek i¢in saglam bir karar destek ¢ercevesi saglamaktadir.
Simiile edilmis uyum Onlemleri — ayarlanmis ekim tarihleri, 1siya ve kuraklifa dayanikli ¢esitlerin
benimsenmesi ve iyilestirilmis sulama rejimleri dahil — dayamiklilig1 artirabilir ve verimi istikrarli hale
getirebilir. Ayrica, daha erken olgunlagsma ve uzatilmis biiylime mevsimleri, Orta Avrupa'da iretim
pencerelerini genisleterek yeni ekonomik firsatlar yaratabilir.

Anahtar Kelimeler: DSSAT-CROPGRO-Tomato, iklim senaryolari, bilesik hava olaylari, verim

simiilasyonu, uyum stratejileri
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ABSTRACT

Climate change is shifting temperature and precipitation patterns, posing significant threats to crop
productivity, especially in water-scarce regions. Efficient irrigation management is therefore critical to
sustaining agricultural yields and optimizing limited water resources. This study evaluated the water
productivity of peanut under various irrigation regimes during the 2014 and 2015 growing seasons in the
Eastern Mediterranean region of Turkey. Field experiments included three irrigation frequencies (25, 50, and
75 mm cumulative pan evaporation) and four irrigation levels (50%, 75%, 100%, and 125% of cumulative
pan evaporation). The CSM-CROPGRO-Peanut model was calibrated with 2014 data and validated with 2015
data. The model successfully simulated seed yield, biomass, phenological stages, and soil water content, with
low RMSE values and strong agreement with observations (e.g., 1> = 0.90 for days to anthesis). The highest
yield was achieved with a 50 mm irrigation frequency combined with 125% irrigation level. Sensitivity
analysis revealed that temperature increases of 2°C, 2.5°C, and 3°C reduced yield by 4.51%, 7.88%, and
10.33%, respectively. A 25% change in precipitation had minimal effect on yield. At 360 ppm CO-, yield
decreased by 5.07%, while 50% and 100% increases in CO2 enhanced yield by 29.17% and 47.96%. These
results underscore the model’s value in supporting future climate-adaptive irrigation strategies.

Keywords: Crop simulation, climate change , DSSAT framework, irrigation management, sensitivity
analysis
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OZET

Iklim degisikligi, sicaklik ve yagis desenlerini degistirmekte olup, dzellikle su kaynaklarinin kisitli oldugu
bolgelerde bitkisel iiretim icin Onemli tehditler olusturmaktadir. Bu nedenle, tarimsal verimliligin
stirdiiriilebilmesi ve sinirl su kaynaklariin etkin bir sekilde kullanilabilmesi i¢in verimli sulama yonetimi
biiyiik 6nem tagimaktadir. Bu g¢alisma, Tirkiyenmin Dogu Akdeniz bolgesinde 2014 ve 2015 yetistirme
sezonlarinda farkli sulama rejimleri altinda yerfistiginin su verimliligini degerlendirmistir. Arazi
denemelerinde ii¢ farkli sulama siklig1 (25, 50 ve 75 mm kiimiilatif pan evaporasyonu) ve dort farkli sulama
seviyesi (%50, %75, %100 ve %125 kiimiilatif pan evaporasyonu) uygulanmigtir. CSM-CROPGRO-Peanut
modeli 2014 verileriyle kalibre edilmis ve 2015 verileriyle dogrulanmistir. Model; tohum verimi, biyokiitle,
fenolojik evreler ve toprak nem icerigini diisiik RMSE degerleri ve gozlemlerle yiliksek uyum (6rnegin,
cigeklenme giinleri i¢in r? = 0.90) ile basarili sekilde simiile etmistir. En yiiksek verim, 50 mm sulama siklig1
ile %125 sulama seviyesinin kombinasyonunda elde edilmistir. Duyarlilik analizi, sicakligin 2°C, 2.5°C ve
3°C artmas1 durumunda verimin sirastyla %4.51, %7.88 ve %10.33 oranlarinda azaldigini ortaya koymustur.
Yagista %25’lik bir degisimin verim iizerinde smirli etkisi olmustur. CO: diizeyinin 360 ppm oldugu
kosullarda verim %5.07 azalirken, CO2’nin %50 ve %100 artmasi verimi sirasiyla %29.17 ve %47.96
oraninda artirmistir. Bu sonuglar, modelin gelecekteki iklim kosullarina uyumlu sulama stratejilerinin
belirlenmesinde degerli bir ara¢ oldugunu gostermektedir.

Anahtar Kelimeler: Bitki gelisim simiilasyonu, iklim degisikligi, DSSAT modelleme altyapisi, sulama
yonetimi, duyarhhk analizi
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ABSTRACT

The worldwide demand for food increases continuously as a result of global population growth. In addition
to enhancing productivity, the main challenges to agricultural production are reducing input costs, ensuring
environmental sustainability, and adapting to changing weather conditions. The aim of the study was to
describe the benefits of using cropping simulation systems for decision-makers in determining optimum crop
management practices in different climatic and soil conditions. Specific objectives included determining the
most appropriate planting date, fertilizer level, and irrigation amount for obtaining a maximum profit for
sunflower production. In the Agricultural Technology Transfer Decision Support System (DSSAT), it was
considered as a methodology in three locations (Edirne, Konya, and Adana) of Tiirkiye. Thirty years of daily
weather data were used to analyze agricultural production management practices. A totally of 1000 different
scenarios were created for 3 different management options. The following were the most suitable scenarios:
In Konya, Edirne, and Adana, the optimal planting dates were May 10, March 20, and March 30; the optimum
irrigation thresholds were 80, 60, and 50; and the optimum fertilizer were 280, 120, and 120 kg/ha N,
respectively. The findings showed that irrigated farming could bring in a 3.3 - 5.2 times higher income. The
results revealed that appropriate planting date planning contributes to a more effective use of water resources.

Keywords: DSSAT, crop modeling, sunflower, maximum profit, sustainability
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OZET

Kiiresel niifus artiginin bir sonucu olarak diinya ¢apinda gida talebi siirekli artmaktadir. Verimliligi artirmanin
yant sira, tarimsal {iretimdeki temel zorluklar girdi maliyetlerini diisiirmek, cevresel siirdiiriilebilirligi
saglamak ve degisen hava kosullarina uyum saglamaktir. Calismanin amaci, farkli iklim ve toprak
kosullarinda optimum iiriin yonetimi uygulamalarini belirlemede karar vericiler i¢in ekim simiilasyon
sistemlerinin kullanilmasmin faydalarii tanimlamaktir. Belirli hedefler arasinda aygigegi iiretiminde
maksimum kar elde etmek i¢in en uygun ekim tarihini, giibre seviyesini ve sulama miktarini belirlemek yer
almaktadir. Tarimsal Teknoloji Transferi Karar Destek Sistemi'nde (DSSAT), Tiirkiye'nin ii¢ lokasyonunda
(Edirne, Konya ve Adana) bir metodoloji olarak ele almmustir. Tarimsal {iretim ydnetimi uygulamalarini
analiz etmek i¢in otuz yillik giinliik hava durumu verileri kullanilmistir. 3 farkli yonetim se¢enegi icin toplam
1000 farkli senaryo olusturulmustur. En uygun senaryolar sunlardir: Konya, Edirne ve Adana'da optimum
ekim tarihleri 10 Mayis, 20 Mart ve 30 Mart; optimum sulama esikleri 80, 60 ve 50; optimum giibre ise
sirastyla 280, 120 ve 120 kg/ha N'dir. Bulgular, sulu tarimin 3,3 - 5,2 kat daha fazla gelir getirebilecegini
gostermistir. Sonuglar, uygun ekim tarihi planlamasinin su kaynaklarinin daha etkili kullanilmasina katkida
bulundugunu ortaya koymustur.

Anahtar kelimeler: DSSAT, bitki biiyiime modeli, ay¢icegi, potansiyel verim, siirdiiriilebilirlik
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ABSTRACT

In digital agriculture applications, the development and implementation of spatial crop growth models play a
crucial role in estimating production potential and determining sustainable management strategies at the
regional level. In recent years, especially with new-generation models such as DSSAT-Pythia, it has become
possible to calibrate genetic parameters according to local conditions and to digitally simulate the impact of
scenarios such as deficit irrigation on crop yield. In this context, the proposed study aims to calibrate the
DSSAT Cropgro model for the conditions of the Menemen Plain and to determine digital genetic coefficients
for the ProGen BA1010 cotton variety. Using long-term historical climate data and gridded simulations, yield
estimations for cotton will be performed under different irrigation regimes (100%, 70%, 40%, and rainfed
conditions). The findings of the study are expected to provide informed decision support in digital agriculture
and to contribute to sustainable cotton production.

Keywords: DSSAT-Pythia, cotton, gridded simulation
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OZET

Dijital tarim uygulamalarinda, alansal bitki biiylime modellerinin gelistirilmesi ve uygulanmasi, iiretim
potansiyelinin tahmini ve bdlgesel diizeyde siirdiiriilebilir yonetim stratejilerinin belirlenmesi agisindan
biiyiilk 6nem tagimaktadir. Son yillarda, 6zellikle DSSAT-Pythia gibi yeni nesil modellerle, genetik
parametrelerin bolgesel kosullara gore kalibre edilmesi ve kisintili sulama gibi senaryolarin verim tizerindeki
etkilerinin dijital ortamda modellenmesi miimkiin hale gelmistir. Bu kapsamda 6nerilen ¢alismada, DSSAT
Cropgro modelinin Menemen Ovasi kosullarina uygun sekilde kalibrasyonu ve ProGen BA1010 pamuk
cesidi i¢in dijital genetik katsay1 belirlemesi amaglanmaktadir. Arastirmada, gegmis uzun yillik iklim verileri
ve 1zgara bazli simiilasyonlar kullanilarak pamuk bitkisi i¢in farkli sulama diizeylerinde (%100, %70, %40
ve yagisa dayali) verim tahminleri yapilacaktir. Calisma bulgularinin, dijital tarimda bilingli karar destegi
sunmast ve pamuk yetistiriciliginde siirdiiriilebilir iiretime katki saglamasi hedeflenmektedir.

Anahtar kelimeler: DSSAT-Pythia, pamuk, alansal verim tahmini
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ABSTRACT

In recent years, with the effect of changing climatic conditions, yield estimation studies have become
important. Many models and programs are used for yield estimation. The DSSAT (Decision Support System
for Agrotechnology Transfer) model is also among the most used plant-climate models. In the DSSAT model,
the irrigation water treatments (S100: 100% ETc, S75: 75% ETc, S50: 50% ETc and S25: 25% ETc), soil
properties, climate parameters (Tmax, Tmin, solar radiation, wind speed, precipitation) and physiological
parameters (yield, plant height, grain weight, germination-flowering-pods stage-harvest) measured for dry
bean plants grown under different irrigation applications in the years 2018-2019 were entered. The
"CropGRO model" used for legumes was run in the DSSAT program. Strong prediction results were obtained
between the DSSAT model's plant vegetative development period prediction data and field measurement
results (germination: 9-10 days, flowering: 43-34, first pod: 46-44, harvest: 87-78). In grain weight, the model
gave a prediction of 34 gr, while the measurement value was 31.4 gr. In grain weight, a weak relationship
was found between the model and measurement values. If the calibration of the DSSAT model with field
measurement data is done well, it can also be used for future projections.

Keywords: Evapotranspitation, DSSAT, drybean, irrigation
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OZET

Son yillarda degisen iklim kosullarinin etkisiyle birlikte verim tahmin ¢aligmalari 6nemli hale gelmistir.
Verim tahmini i¢in birgok model ve program kullanilmaktadir. DSSAT (Decision Support System for
Agrotechnology Transfer) modeli de en ¢ok kullanilan bitki—iklim modelleri arasinda yer almaktadir. DSSAT
modelinde farkli sulama uygulamalar1 altinda yetistirilen kuru fasulye bitkisinde 2018-2019 yillarina ait
Ol¢ciimii alinan sulama suyu miktarlar1 (S100: %100ETc, S75: %75 ETc, S50: %50 ETc ve S25: %25 ETc),
toprak oOzellikleri, iklim parametreleri (Tmax, Tmin, solar radyasyon, riizgar hizi, yagis) ve fizyolojik
parametreler (verim, bitki boyu, tane agirligi, ¢cimlenme-¢iceklenme-bakla olusumu-hasat) girilmistir. DSSAT
programinda baklagiller i¢in kullanilan “CropGRO modeli” ¢alistirtlmistir. DSSAT modelinin bitki vejetatif
gelisme donemleri tahmin verileri ve arazi 6lglim sonuglari arasinda giiglii tahmin sonuglari elde edilmistir
(cimlenme: 9-10giin, ciceklenme: 43-34, bakla olusumu: 46-44, hasat: 87-78). Tane agirliginda ise model 34
gr tahmin verirken 6l¢iim degeri 31.4gr’dir. Tane agirliginda ise model ve 6lgiim degerleri arasinda zayif
iligki bulunmustur. DSSAT modelinin arazi dl¢lim verileri ile kalibrasyonun iyi yapilmasi durumunda ileriye
yonelik projeksiyonlar igin de kullanilabilir.

Anahtar Kkelimeler: Evapotranspirasyon, DSSAT, kuru fasulye, sulama
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YAN ETKINLIK 2 - SULAMA YONETIMINDE DiJiTAL TEKNOLOJILERIN KULLANIMI

SIDE EVENT 2 — USING DIGITAL TECHNOLOGIES IN IRRIGATION MANAGEMENT

MOVING FORWARD WITH DIGITAL AGRICULTURE FOR FOOD SECURITY
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Clinical Professor Digital Agriculture, Director of the Agronomy e-Learning Academy,
Purdue University, USA

ABSTRACT

There are four pillars of food security: accessibility, availability, stability, and use. Precision agriculture
impacts farm productivity through increased efficiency in input use, enhanced scale of production effects,
and yield increases, while its global impact depends on its role in food production. The trend in agricultural
production is less influenced by land expansion and inputs, and more by technical and productivity changes.
New technologies in agriculture benefit those who adopt them, reducing unit production costs. Those who do
not adopt new technologies face a competitive disadvantage. One of the most widely used precision
technologies in mechanized farms worldwide is equipment guidance; however, there are additional benefits
with related equipment such as section controllers for inputs in sprayers, planters, and granular fertilizer
applicators; these controllers increase the efficiency of crop inputs by reducing overlaps and jumps at both
ends of the field and at the end of the field. With current technology, the economic benefit of using guidance
in an area smaller than 2 hectares is minimal. Variable rate technology, robotics, automation, the Internet of
Things (IoT), artificial intelligence, and skills in data science are beginning to contribute to digital agriculture.
The timing is opportune for studies moving towards data-driven agriculture, as this increases the value of
crops more than the cost of technology. UAV-assisted monitoring and detection, automated data collection,
data availability/sharing, and automated decision-making are rapidly becoming widespread. The relationship
between measurement and manageability is increasingly understood in agriculture, and with qualified
personnel, digital agriculture will develop rapidly.

Keywords: Precision agriculture, digital agriculture, variable rate technology, data-driven agriculture,
agricultural productivity
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OZET

Gida giivenliginin dort temel ayagi bulunmaktadir. Bunlar erisilebilirlik, erigim, istikrar ve kullanimdir.
Hassas tarim, girdi kullaniminda verimliligin artmasi, iiretim 6lgegi etkilerinin artmas1 ve verim artis1 yoluyla
ciftlik verimliligini etkilerken diinya ¢apindaki etkisi gida iiretimindeki roliine baglidir. Tarimsal {iretimindeki
egilim arazi genislemesi ve girdilerden daha az etkilenirken, teknik ve verimlilik degisimlerinden daha ¢ok
kaynaklanmaktadir. Tarimda yeni teknolojiler onu benimseyenlere faydali olur ve {iretim birim maliyetlerini
diisiiriir. Yeni teknolojiyi benimsemeyenler ise rekabet dezavantajina diiser. Diinya genelinde mekanize
ciftliklerde en yaygin kullanilan hassas teknolojilerden biri ekipman yonlendirmesidir; bununla birlikte,
ilaglama makineleri, ekim makineleri ve graniil giibre uygulama makinelerindeki girisler i¢in bdlim
kontrolorleri gibi ilgili ekipmanlarla birlikte ek faydalar da vardir; bu kontroldrler, tarlanin her iki ucundaki
ve tarlanin sonundaki Ortiismeleri ve atlamalar1 azaltarak, {irlin girdilerinin verimliligini artirir. Mevcut
teknolojiyle, 2 hektardan kiiciik bir alanda yonlendirme kullanmanin ekonomik faydasi azdir. Degisken oranl
teknoloji, robotik, otomasyon, nesnelerin interneti (IoT), yapay zeka ve veri bilimindeki beceriler dijital
tarima katki saglamaya baslamistir. Veri odakli tarima dogru yapilan ¢alismalar a¢isindan zamanlama uygun
olup bu durum mahsullerin degeri teknoloji maliyetinden daha fazla arttirmaktadir. IHA ile izleme ve tespit,
otomatik veri toplama, veri kullanilabilirligi/paylasimi ve otomatik karar verme hizla yayginlasmaktadir.
Olgiim ile yonetilebilir bir sey arasindaki iliskinin giin gectikce tarimsal olarak anlasilmasi ve nitelikli
insanlarla dijital tarim hizla gelisecektir.

Anahtar kelimeler: Hassas tarim, dijital tarim, degisken oranh uygulama teknolojisi, veri odakh tarim,
tarimsal verimlilik
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USE OF DIGITAL SOLUTIONS IN IRRIGATION UNIONS AND COOPERATIVES

Ines Samperi TENA

Head of the Agricultural and Environmental Service of the General Community of Irrigators of the Aragon
and Catalonia Canal, Binéfar, Huesca, Spain

ABSTRACT

The Digitalization Project for the Aragon and Catalonia Canal General Irrigation District (CAYC) was
implemented in 29 irrigation districts connected to the Aragén and Catalonia Canal. Covering an area of
104,850 hectares, CAYC serves 11,088 agricultural enterprises, over 3,000 livestock farms, and various
industrial uses, providing high-quality water to over 200,000 residents within its reach. As the fourth largest
irrigation district in Europe by surface area, CAYC has now become one of the world's largest digitized
irrigation infrastructures, offering its users real-time data and autonomous, intelligent management. The main
objective of this innovative system is to optimize irrigation management and increase the efficiency of
irrigation systems in the context of increasing water scarcity and climate change, thereby enhancing the
sustainability and competitiveness of irrigation districts. This project positions Aragon as a leader in irrigation
digitalization on a global scale, increasing efficiency, sustainability, and competitiveness in the agricultural
sector. It has brought an innovative approach to water infrastructure management through technology based
on autonomous loT devices and a cloud platform that communicates in real-time. This enables the Aragon
and Catalonia Canal irrigation districts to access the most up-to-date data for informed decision-making, as
well as to remotely and live-stream the operation of valves, pumps, and fertilization systems. One of the
platform's biggest advantages is that it provides a unified ecosystem offering interconnected solutions for
irrigation districts, stakeholders, and farmers using a single technology. Furthermore, the platform is
supported by precise sensor readings, a crucial element for the safety of water infrastructure. An efficient
warning system provides users with real-time notifications about critical situations such as overflows, leaks,
pipe bursts, or water shortages. Because it enables full remote operation and scheduling via computer or
mobile device, it helps reduce the energy required for water pumping, eliminate unnecessary travel to
facilities and fields, and lower CO; emissions.

Keywords: Irrigation digitalization, smart irrigation management, Internet of Things (IoT), irrigation
infrastructure monitoring, water use efficiency
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SULAMA BIiRLIKLERI VE KOOPERATIFLERINDE DiJiTAL COZUMLERIN KULLANIMI

Ines Samperi TENA
Aragon ve Katalonya Kanali Sulama Genel Toplulugu Tarim ve Cevre Hizmetleri Baskant,

Binéfar, Huesca, Ispanya

OZET

Aragon ve Katalonya Kanali Genel Sulama Bélgesi icin Dijitallestirme Projesi , Aragon ve Katalonya
Kanali'na (CAYC) bagli 29 sulama bolgesinde gerceklestirilmistir. CAYC 104.850 hektarlik bir alani
kapsayan bu kurulus, 11.088 tarim isletmesine, 3.000'den fazla hayvancilik ¢iftligine ve cesitli endiistriyel
kullanimlara hizmet verirken, etki alanindaki 200.000'den fazla sakine yiiksek kaliteli su saglamaktadir.
Yiizey alan1 bakimindan Avrupa'nin dordiincii biiyiik sulama bolgesi olan CAYC, artik diinyanin en biiyiik
dijitallestirilmis sulama altyapilarindan biri haline gelerek kullanicilarina ger¢cek zamanl veri ve otonom,
akilli yonetim sunmaktadir. Bu yenilik¢i sistemin temel amaci, artan su kithg ve iklim degisikligi
baglaminda sulama yonetimini optimize etmek ve sulama sistemlerinin verimliligini artirmak, boylece
sulama bdlgelerinin siirdiiriilebilirligini ve rekabet giiclinii gelistirmektir. Bu proje, Aragén'u kiiresel dlgekte
sulama dijitallesmesinde 6ncili konuma getirerek tarim sektdriinde verimliligi, siirdiiriilebilirligi ve rekabet
giiclinii artirmaktadir. Otonom loT cihazlarina ve gergek zamanlt iletisim kuran bir bulut platformuna dayali
bir teknoloji araciligiyla su altyapisi yonetimine yenilikei bir yaklagim getirmistir. Bu, Aragon ve Katalonya
Kanali sulama bdlgelerinin, bilingli kararlar alabilmek ic¢in en giincel verilere erigebilmelerini, ayrica
vanalari, pompalar1 ve giibreleme sistemlerini uzaktan ve canli olarak agip kapatabilmelerini saglamaktadir.
Platformunun en biiyiik avantajlarindan biri, sulama bdlgeleri, paydaslar ve ¢iftgiler icin tek bir teknoloji
kullanarak birbirine baglh ¢éziimler sunan birlesik bir ekosistem saglamasidir. Ayrica platform, su altyapisinin
giivenligi i¢in dnemli bir unsur olan hassas sensoér okumalariyla desteklenmektedir. Verimli bir uyar sistemi,
tagmalar, sizintilar, boru patlamalar1 veya su kitlig1 gibi kritik durumlar hakkinda kullanicilara gergek zamanl
olarak bildirimde bulunmaktadir. Bilgisayar veya mobil cihaz iizerinden tam uzaktan ¢alistirma ve planlama
olanag1 sagladigi icin, su pompalamasi i¢in gereken enerjiyi azaltmaya, tesislere ve tarlalara gereksiz
seyahatleri ortadan kaldirarak CO, emisyonlarini diisirmeye yardimeci olmaktadir.

Anahtar kelimeler: Sulamada dijitallesme, akilli sulama yonetimi, Nesnelerin Interneti (IoT), sulama
altyapisi izleme, su kullamim etkinligi
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MONITORING VARIABLE RATE CENTER PIVOT DRIP IRRIGATION SYSTEMS THROUGH
UAV AND SATELLITE REMOTE SENSING SYSTEMS

Prof. Dr. Eyiip Selim KOKSAL'  Assoc. Prof. Dr. Hasan AKAY'
Assist. Prof. Dr. Sakine CETIN! Assoc. Prof. Dr. Emre TUNCA?
Prof. Dr. Sebahattin ALBAYRAK!  Giirsel ARAL3

'Ondokuz Mayis University, Samsun, Tiirkiye
?Diizce University, Diizce, Tiirkiye

3Atlantis Engineering, Istanbul, Tiirkiye

ABSTRACT

Agriculture is the sector where water resources are used the most and wasted the most. Arid and semi-arid
climatic conditions, which offer the most suitable growing environment for many plants, also require high
irrigation water requirements. In many agricultural lands, over-irrigation is accompanied by inadequate
irrigation. One of the main reasons for this is the lack of preparation and/or implementation of region-specific
irrigation programs. In the past, the uniform distribution of water over the whole area of an agricultural parcel
was considered a success. Still, today, the principle of applying irrigation water at different levels within a
parcel according to the needs is adopted. This management strategy, called variable rate irrigation (VRI), is
aimed at conserving soil and water, increasing irrigation efficiency, reducing input costs, and producing high
quality and high quantity production. This study presents the results of operating a centre-pivot drip irrigation
system with a variable rate irrigation principle for alfalfa and silage maize crops in the Samsun-Ladik district.
The 12-ha study area was continuously monitored using a multispectral and thermal imaging UAV system
and various satellite images. At the same time, activities related to meteorological parameters, soil water
content and plant observations were carried out. According to the results obtained, it was evaluated that the
variable rate drip irrigation system integrated into mobile irrigation systems can successfully implement the
targeted applications. It was determined that UAV and satellite images successfully detected, distinguished
and evaluated the areas where variable rate irrigation was applied.

Keywords: Variable rate irrigation (VRI), center pivot drip irrigation, UAV-based monitoring,
irrigation water management, remote sensing
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iHA VE UYDU UZAKTAN ALGILAMA SiSTEMLERI iLE DEGISKEN ORANLI DAIRESEL
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OZET

Tarim, su kaynaklarinin en fazla kullanildig: ve en fazla israf edildigi sektordiir. Birgok bitki i¢in en uygun
yetistirme ortamimi sunan kurak ve yar1 kurak iklim kosullari, aym1 zamanda yiiksek sulama suyu
gereksinimlerini de beraberinde getirir. Bir¢ok tarim arazisinde, asir1 sulama yetersiz sulama ile birlikte
goriiliir. Bunun ana nedenlerinden biri, bolgeye 0zgili sulama programlarinin hazirlanmamasi ve/veya
uygulanmamasidir. Gegmiste, bir tarim arazisinin tiim alanina suyun esit olarak dagitilmasi bir basar1 olarak
kabul ediliyordu. Ancak bugiin, bir arazinin farkli bélgelerine ihtiyaglara gore farkli diizeylerde sulama suyu
uygulama ilkesi benimsenmistir. Degisken oranli sulama (VRI) olarak adlandirilan bu yonetim stratejisi,
toprag1 ve suyu korumayi, sulama verimliligini artirmayi, girdi maliyetlerini azaltmay1 ve yiiksek kaliteli ve
yliksek miktarda {iretim yapmay1 amaglamaktadir. Bu ¢alisma, Samsun-Ladik il¢esinde yonca ve silajlik misir
bitkileri i¢in degisken oranli sulama prensibine sahip bir merkez pivot damla sulama sisteminin igletilmesinin
sonuglarii sunmaktadir. 12 hektarlik ¢alisma alani, multispektral ve termal goriintiileme IHA sistemi ve
cesitli uydu goriintiileri kullanilarak siirekli olarak izlendi. Ayn1 zamanda, meteorolojik parametreler, toprak
su igerigi ve bitki gozlemleri ile ilgili faaliyetler gerceklestirildi. Elde edilen sonuglara gore, mobil sulama
sistemlerine entegre edilen degisken oranli damla sulama sisteminin hedeflenen uygulamalar1 basariyla
gerceklestirebilecegi degerlendirilmistir. IHA ve uydu gériintiilerinin, degisken oranli sulamani uygulandigi
alanlar1 basariyla tespit ettigi, ayirt ettigi ve degerlendirdigi belirlenmistir.

Anahtar kelimeler: Degisken oranh sulama (VRI), merkez pivot damla sulama, IHA tabanh izleme,
sulama suyu yonetimi, uzaktan algilama
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INNOVATIVE APPROACH TO IRRIGATION SCHEDULING BY USING UN-MANNED AERIAL
VEHICLE IMAGES
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Diizce University, Faculty of Agriculture, Department of Biosystem Engineering, Diizce, Tiirkiye
ORCID: 0000-0001-6869-9602
emretunca@duzce.edu.tr
ihsan Bugra BUGDAYCI
Soil, Water and Deserting Control Research Institute, Konya, Tiirkiye
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Durmus Ali KIPRITCI?

Soil, Water and Deserting Control Research Institute, Konya, Tiirkiye
ORCID: 0000-0001-6622-438X
Safak CEYLAN*

Soil, Water and Deserting Control Research Institute, Konya, Tiirkiye
ORCID: 0000-0001-8165-2550

ABSTRACT

Optimizing irrigation scheduling is essential for sustainable agricultural water management, particularly in
regions where facing water scarcity. This study explores the application of high-resolution unmanned aerial
vehicle (UAV) imagery, equipped with multispectral and thermal sensors, to optimize irrigation scheduling
for corn in Konya, Tiirkiye. The Two-Source Energy Balance (TSEB) model was utilized to estimate daily
evapotranspiration (ET) based on UAV-derived data. Weekly UAV flights were conducted, and daily ET
values were interpolated between flight dates, cumulatively summed, and used to determine irrigation
requirements. The UAV-based TSEB approach was compared with the conventional soil water balance
(SWB) method for ET estimation. Results revealed no statistically significant differences in seasonal
irrigation amounts (645.8 mm for SWB vs. 568.7 mm for TSEB) or crop yields (17.30 tons/ha for SWB vs.
16.91 tons/ha for TSEB) between the two methods. These findings demonstrate that UAV-based irrigation
scheduling is as effective as traditional approaches, providing additional benefits such as high spatial
resolution and non-invasive monitoring. Therefore, UAV-based irrigation schedules offer valuable insights
for sustainable water management in agriculture.

Keywords: Corn, irrigation, UAYV, two-source energy balance
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Safak CEYLAN?
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OZET

Su kaynaklarmin kisith oldugu bdlgelerde siirdiiriilebilir tarimsal su yonetimi agisindan sulama
programlamasinin optimizasyonu biiylik bir 6nem arz etmektedir. Bu ¢alisma, Konya ili iklim kosullari
altinda yetistirilen misir (Zea mays L.) bitkisinde sulama programlamasinin optimizasyonuna yonelik olarak
yiiksek ¢oziiniirliiklii insansiz hava araci (IHA) goriintiilerinin kullamm potansiyelini arastirmay1
amaglamistir. Bu dogrultuda, IHA goriintiilerinden elde edilen verilere dayamlarak bitki su tiiketimini (ET)
tahmin etmek amaciyla iki Kaynakli Enerji Dengesi (TSEB) modeli kullanilmistir. Haftalik periyotlarla IHA
ucuslar1 gergeklestirilmis; giinlitk ET degerleri ugus tarihleri arasinda enterpole edilerek kiimiilatif olarak
hesaplanmis ve sulama gereksinimlerinin belirlenmesinde kullanilmistir. IHA tabanli TSEB yaklasiminin
performansi, geleneksel toprak su biitcesi (SWB) yontemi ile karsilagtirllmistir. Elde edilen sonuglar, iki
yontem arasinda mevsimsel toplam sulama suyu miktarlar1 (TSEB i¢in 568,7 mm; SWB i¢in 645,8 mm) ve
mustr bitkisi verimi (TSEB i¢in 16,91 ton/ha; SWB i¢in 17,30 ton/ha) agisindan istatistiksel olarak anlamli
bir farklilik bulunmadigini ortaya koymustur. Bu bulgular, IHA tabanli sulama programlamasinin geleneksel
yontemler kadar etkin oldugunu, bununla birlikte yiiksek mekansal ¢6ziiniirliikk ve invazif olmayan izleme
gibi ilave avantajlar sundugunu gostermektedir. Dolayisiyla, IHA tabanli sulama programlari, tarimda
siirdiiriilebilir su yonetimi uygulamalarina yonelik degerli veriler sunma potansiyeline sahiptir.

Anahtar kelimeler: Misir, sulama, IHA, iki kaynakh enerji dengesi
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USE OF 10T SOLUTIONS IN IRRIGATION MANAGEMENT AND SAMPLE APPLICATIONS

Onno SCHAAP

Managing Partner Aquagri, Portugal

ABSTRACT

Climate change is a reality today, and measures are being taken to address it. Many countries are constructing
dams and reservoirs to store water for irrigation and drinking, due to the potential to make more surface water
available. The key today is the optimal use of irrigation water. Approximately 30 years ago, typical water
usage by farmers was much higher than it is now. Now, significant water savings are being achieved by using
efficient irrigation systems and managing them correctly. The cost of irrigation water is a very effective
mechanism to encourage better management; prices are increasing, water usage restrictions are being
implemented in some regions, and users are managing irrigation water more effectively. Measurement is
essential for water management. Many countries around the world have specialized companies in services
and devices for irrigation water management. These companies integrate sensors, satellite data and
proprietary algorithms, cloud-based monitoring technologies, data analysis, and decision support systems.
Recent communication systems (LORA, NBIOT) and IoT sensor systems have become much more affordable
and therefore more accessible compared to a few years ago. Today, it is accepted that any agricultural system
can be improved by making it data-driven in order to achieve financial sustainability, and this is becoming
even more important in irrigation water management.

Keywords: Climate change, irrigation water management, data-driven agriculture, Internet of Things
(IoT), water conservation
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OZET

Gilintimiizde iklim degisikligi yasanmakta olup bunun i¢in dnlemler alinmaktadir. Bir¢ok iilkede daha fazla
ylizey suyunun kullanilabilir hale getirme potansiyeli bulunmasi nedeniyle sulama ve igme suyu icin su
depolamak iizere barajlar ve goletler insa edilmektedir. Buglin 6nemli olan, sulama suyunun en optimal
sekilde kullanilmasidir. Yaklasik 30 yil dnce giftgilerin tipik su kullanimi simdikinden ¢ok daha fazlaydi.
Simdi, verimli sulama sistemleri kullanarak ve bunlart dogru sekilde yoneterek Onemli su tasarrufu
saglanmaktadir. Sulama suyunun maliyet fiyati, daha iyi yonetimi tesvik etmek i¢in ¢ok etkili bir mekanizma
olup fiyatlar artmakta, bazi bolgelerde su kullanim kisitlamalar1 yapilmakta ve kullanicilar tarafindan sulama
suyu daha iyi yonetilmektedir. Su yonetimi i¢in 6l¢lim sarttir. Sulama suyu yonetimi i¢in hizmetler ve cihazlar
konusunda diinyanin birgok iilkesinde uzmanlagsmis sirketler bulunmaktadir. Bu sirketler sensorleri, uydu
verilerini ve 6zel algoritmalari, bulut tabanli izleme teknolojilerini, veri analizini ve karar destek sistemlerini
entegre etmektedir. Son donemdeki iletisim sistemleri (LORA, NBIOT) ve loT sensor sistemleri, birkag yil
oncesine kiyasla ¢ok daha uygun maliyetli ve dolayisiyla daha erisilebilir duruma gelmistir. Gliniimiizde
finansal siirdiiriilebilirlik i¢in, herhangi bir tarim sisteminin veri odakli hale getirildiginde iyilestirilebilecegi
ve sulama suyu yonetiminde bunun daha da énemli hale geldigi kabul edilmektedir.

Anahtar Kelimeler: iklim degisikligi, sulama suyu yénetimi, veriye dayah tarim, Nesnelerin interneti
(IoT), su tasarrufu
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CLIMATE AND IRRIGATION MANAGEMENT
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General Manager, METOS South Africa

ABSTRACT

Weather stations continuously collect data on temperature, precipitation, humidity, wind, and more. This
information forms the basis of effective irrigation planning. For example, if evaporation (ETy) increases or a
cold front is approaching, the system can advise adjusting irrigation volumes or delaying application to
prevent stress or frost damage. With access to this detailed, site-specific data, growers can fine-tune irrigation
to meet the exact needs of their crops, saving water and maximizing yield potential. In an age where every
drop counts, precision irrigation is no longer a luxury, but a necessity. Increasingly erratic weather conditions,
rising input costs, and the growing demand for sustainable agricultural practices are driving growers to adopt
smarter irrigation strategies. At the forefront of this change is the combination of artificial intelligence (Al),
remote sensing, real-time weather data, and hyper-localized forecasts to revolutionize irrigation planning.
Traditional irrigation methods often rely on fixed schedules, regardless of current or predicted conditions.
This technology replaces the predictive approach with a real-time, data-driven method, enabling dynamic
irrigation planning that responds to actual crop needs and environmental variables. By using soil moisture
meters, weather stations, and Al models, farmers are given clear information on when and how much to
irrigate; this increases productivity and protects crops.

Keywords: Precision irrigation, weather-based irrigation planning, artificial intelligence (Al), real-
time data, crop water management
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OZET

Hava istasyonlar1 sicaklik, yagis, nem, riizgar ve daha fazlasi hakkinda siirekli veri toplar. Bu bilgiler, etkili
sulama planlamasinin temelini olusturur. Ornegin, buharlasma (ETo) artarsa veya soguk bir cephe
yaklasiyorsa, sistem stres veya don hasarint 6nlemek i¢in sulama hacimlerini ayarlama veya uygulamay1
geciktirme konusunda tavsiyede bulunabilir. Bu ayrintili, yere 6zgii verilere erisim sayesinde, lreticiler su
tasarrufu saglayarak ve verim potansiyelini en iist diizeye ¢ikararak, sulamay1 mahsullerinin tam ihtiyag¢larin
karsilayacak sekilde ince ayar yapabilirler. Her damlanin 6nemli oldugu bir ¢agda, hassas sulama artik bir
likks degil, bir zorunluluktur. Giderek diizensizlesen hava kosullari, artan girdi maliyetleri ve siirdiiriilebilir
tarim uygulamalarina yonelik artan talep, dreticileri daha akilli sulama stratejileri benimsemeye
yonlendiriyor. Bu degisimin 0n saflarinda, sulama planlamasini devrimlestirmek i¢in yapay zeka (Al),
uzaktan algilama, gergek zamanli hava verileri ve hiper yerellestirilmis tahminlerin birlestirilmesi yer
almaktadir. Geleneksel sulama yontemleri, mevcut veya tahmin edilen kosullardan bagimsiz olarak genellikle
sabit programlara dayanir. Bu teknoloji, tahmine dayali yaklasimi1 ger¢ek zamanli, veri odakli bir yontemle
degistirerek, gercek mahsul ihtiyaglarina ve ¢evresel degiskenlere yanit veren dinamik sulama planlamasina
olanak tanimaktadir. Toprak nem Gl¢lim cihazlari, hava istasyonlari1 ve Al modelleri kullanilarak, ¢iftgilere ne
zaman ve ne kadar sulama yapmalar gerektigi konusunda net bilgiler verilir; bu da verimliligi artirirken
mahsulleri korumaktadir.

Anahtar kelimeler: Hassas sulama, hava kosullarina dayali sulama planlamasi, yapay zeka (Al), gercek
zamanh veri, bitki su yonetimi
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CLIMATE AND YIELD RELATIONSHIP

Guy ASH
Global Training Manager METOS North America/Canada, Winnipeg, Manitoba, Canada

ABSTRACT

Timely and effective irrigation management is critical for maximizing crop yields, especially during the early
to mid-reproductive stages of corn and soybeans and with the cost of inputs today. As corn and soybeans enter
the early to mid-reproductive stages, irrigation is critical to meet the increasing crop water needs since
precipitation and soil moisture can’t meet the crop water demand during this period. Water or moisture stress
results when the crop’s water demand is higher than the supply (precipitation and stored soil moisture) and
can result in reduced biological processes, leading to yield and/or quality penalties. we require in-field [oT
devices and forecasts to make timely and accurate estimates for any field management decisions. For yield
predictions of grain, row or oilseed crops, the two most important environmental factors for good yields are
water-use (being the most important) and thermal development, given that all the other agronomic decisions
are being done properly (seeding, fertility, pesticides, etc.). Monitoring for yield can easily be accomplished
with an in-field [oT device monitoring precipitation, temperature and a site-specific forecast for an entire
field or for defined zones within the field. Weather variability, whether in precipitation, temperature, relative
humidity, or wind speed, directly impacts crop development, yield potential, and the effectiveness of farm
operations. Without site-specific data, farmers face significant risks, ranging from reduced yields to
inefficiencies in spraying and irrigation.

Keywords: Irrigation management, crop water stress, loT-based agriculture, corn and soybean yield,
site-specific weather forecasting
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IKLIM VE VERIM ILiSKiSi

Guy ASH
METOS Kuzey Amerika/Kanada Kiiresel Egitim Miidiirii, Winnipeg, Manitoba, Kanada

OZET

Zamaninda ve etkili sulama ydnetimi, 6zellikle misir ve soya fasulyesinin erken ve orta iireme asamalarinda
ve glinlimiizdeki girdi maliyetleri goz Oniine alindiginda, {iriin verimini en iist diizeye ¢ikarmak igin kritik
Ooneme sahiptir. Misir ve soya fasulyesi erken ve orta lireme asamalarina girdiginde, yagis ve toprak nemi bu
donemde bitkinin su ihtiyacim karsilayamadigi ig¢in sulama, artan bitki su ihtiyacimi karsilamak igin ¢ok
onemlidir. Bitkinin su ihtiyaci, arzdan (yagis ve depolanmig toprak nemi) daha yiiksek oldugunda su veya
nem stresi ortaya ¢ikar ve bu da biyolojik siireglerin azalmasina, verim ve/veya kalite kayiplarina yol agabilir.
Herhangi bir tarla yonetimi karar1 i¢in zamaninda ve dogru tahminler yapmak tizere tarla i¢i loT cihazlarina
ve tahminlerine ihtiyacimiz vardir. Tahil, sira veya yagli tohum bitkilerinin verim tahminleri i¢in, diger tiim
agronomik kararlar (ekim, giibreleme, pestisitler vb.) dogru bir sekilde yapildiginda, iyi verim i¢in en énemli
iki cevresel faktor su kullanimi (en 6dnemlisi) ve termal gelisimdir. Tarla i¢i loT cihazi ile yagis, sicaklik ve
tarlanin tamami1 veya tarlanin belirli bolgeleri igin 6zel hava tahminlerini izleyerek verim takibi kolayca
gercgeklestirilebilir. Yagis, sicaklik, bagil nem veya riizgar hizi gibi hava kosullarindaki degiskenlik, mahsul
gelisimini, verim potansiyelini ve ¢iftlik operasyonlarinm etkinligini dogrudan etkiler. Ozel veriler olmadan
ciftciler, verim diislisiinden ilaglama ve sulamada verimsizlige kadar 6nemli risklerle karsi karsiya kalirlar.

Anahtar kelimeler: Sulama yonetimi, bitki su stresi, [oT tabanh tarim, misir ve soya verimi, alan bazh
hava tahmini
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YAN ETKINLiK 3 - SULU TARIMDA AGRO PV’NiN GELECEGi

SIDE EVENT 3 — THE FUTURE OF AGRIVOLTAIC IN IRRIGATED AGRICULTURE

AGRIVOLTAIC: UNLOCKING THE FUTURE OF SUSTAINABLE AGRICULTURE?

MSc, Mehmet YUKSEL'?
ORCID: 0009-0004-5009-5893 yuksel-mehmet@tarimorman.gov.tr

Assoc. Prof. Dr. Talat OZDEN3*
ORCID: 0000-0002-0781-2904

Prof. Dr. Yusuf Ersoy YILDIRIM!
ORCID:0000-0002-4300-7574

! Ankara University, Faculty of Agriculture, Department of Farm Structures and Irrigation, Ankara, Tiirkiye
2 Soil, Fertilizer and Water Resources Central Research Institute, Ankara, Tiirkiye
3 Middle East Technical University - GUNAM, Module Technologies Division, Ankara, Tiirkiye
* Glimiishane University, Faculty of Engineering and Natural Sciences, Department of Electrical and

Electronics Engineering, Giimiishane, Tiirkiye

ABSTRACT

Agrivoltaic systems represent a pioneering concept that integrates agricultural production with renewable
energy generation within the same land resources. Agrivoltaic systems contribute to the future of sustainable
agriculture by strengthening the "Water-Food-Energy" nexus and offer the opportunity to maximize income
from a single plot by increasing land equivalent ratios. Academic studies indicate that agrivoltaic systems
have the potential to increase water productivity by up to 300%, addressing one of the biggest global
challenges: the efficient use of freshwater resources. This enables both the maintenance of sustainability in
agricultural production and the meeting of energy needs from clean and renewable sources. They also offer
strategic solutions for food security, adaptation to climate change, and effective water management. Thus,
sustainable agriculture diversifies farmers' income sources. Therefore, agrivoltaic systems are not limited to
energy production alone; they are considered a key technology for the future in terms of agricultural
sustainability and resource efficiency.

Keywords: Agrivoltaic, solar panel, water productivity
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AGRIVOLTAIK: SURDURULEBILIR TARIMIN GELECEGI Mi?

Yiik. Zir. Mith. Mehmet YUKSEL'?
ORCID: 0009-0004-5009-5893, yuksel-mehmet@tarimorman.gov.tr

Doc. Dr. Talat OZDEN**
ORCID: 0000-0002-0781-2904

Prof. Dr. Yusuf Ersoy YILDIRIM!
ORCID:0000-0002-4300-7574

! Ankara Universitesi, Ziraat Fakiiltesi, Tarimsal Yapilar ve Sulama Béliimii, Ankara, Tiirkiye
2 Toprak, Giibre ve Su Kaynaklar1 Merkez Arastirma Enstitiisii, Ankara, Tiirkiye
3 Orta Dogu Teknik Universitesi - GUNAM, Modiil Teknoloji Birimi, Ankara, Tiirkiye

4 Giimiishane Universitesi, Miithendislik ve Doga Bilimleri Fakiiltesi, Elektrik-Elektronik Miihendisligi
Boliimii, Glimiishane

OZET

Agrivoltaik sistemler, tarim arazilerinde gida iiretimi ile enerji tiretimini ayni anda miimkiin kilan
yenilik¢i bir yaklasim olarak one ¢ikmaktadir. Agrivoltaik sistemler hem “Su-Gida-Enerji” bagini
giiclendirerek siirdiiriilebilir tarimin gelecegine katki saglamakta hem de arazi esdeger oranini
arttirarak tek bir araziden elde edilecek gelirleri en iist seviyeye tagsima imkani sunmaktadir. Yapilan
akademik calismalar 1518inda, kiiresel glindemdeki en biiyiik sorunlardan biri olan tathi su
kaynaklarinin verimli kullanim1 agisindan, Agrivoltaik sistemlerin su iiretkenligini %300’e kadar
artirma potansiyeline sahip oldugu bildirilmektedir. Bu durum hem tarimsal iiretimde
stirdiiriilebilirligin korunmasint hem de enerji ihtiyacinin temiz ve yenilenebilir kaynaklardan
kargilanmasin1 miimkiin kilar. Gida giivenligi, iklim degisikligine uyum ve suyun etkin yonetimi
acisindan da stratejik ¢oziimler sunar. Boylece siirdiiriilebilir tarim, ciftcilerin gelir kaynaklar
cesitlenmektedir. Dolayisiyla agrivoltaik sistemler sadece enerji liretimiyle sinirl kalmayip, tarimsal
stirdiiriilebilirlik ve kaynak verimliligi baglaminda gelecegin anahtar teknolojilerinden biri olarak
gorilmektedir.

Anahtar Kelimeler: Agrivoltaik, giines paneli, su iiretkenligi
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AGRIVOLTAIC SYSTEMS INCREASE LAND USE EFFICIENCY AND REDUCE WATER
CONSUMPTION

Prof. Dr. Hadi AL-AGELE

Soil Science and Water Resource, Agriculture College, Al-Qasim Green University

ABSTRACT

The agriculture sector is increasingly affected by climate change, particularly through water scarcity and
rising temperatures. Agrivoltaic systems offer a promising solution by enhancing sustainable water use for
irrigation, improving land use efficiency, and supporting agricultural productivity. Studies from around the
world have demonstrated various benefits of agrivoltaics across different crop types. These results commonly
show improvements in land use efficiency and reductions in water consumption. The findings highlight the
potential to increase water productivity by co-locating agricultural crops with photovoltaic solar arrays.
However, further research is needed to assess how well these benefits transfer across different crop species,
climatic conditions, and system designs—especially in cases where solar panels are elevated 3—5 meters to
accommodate traditional agricultural machinery.

Keywords: Agrivoltaics, water productivity, sustainable irrigation, land use efficiency, climate change
adaptation
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AGRIVOLTAIK SISTEMLERLE ARAZI KULLANIM ETKIiNLIGININ ARTIRILMASI VE SU
TUKETIMININ AZALTILMASI

Prof. Dr. Hadi AL-AGELE

Toprak Bilimi ve Su Kaynaklar1 Boliimii, Ziraat Fakiiltesi, Al-Qasim Green Universitesi

OZET

Tarim sektorii, ozellikle su kithigi ve artan sicakliklar yoluyla iklim degisikliginden giderek daha fazla
etkilenmektedir. Agrivoltaik sistemler, sulama amaciyla suyun siirdiiriilebilir kullanimini artirarak, arazi
kullanim etkinligini iyilestirerek ve tarimsal iiretkenligi destekleyerek umut verici bir ¢6ziim olarak
degerlendirilmektedir. Diinya genelinde yiiriitilen ¢alismalar, farkli iiriin tiirleri {izerinde agrivoltaik
uygulamalarin ¢esitli yararlar sagladigini ortaya koymustur. Elde edilen bulgular, arazi kullanim etkinliginde
artislar ve su tiiketiminde azalmalar saglandigini gostermektedir. Sonuglar, tarimsal iiriinlerin fotovoltaik
giines panelleri ile birlikte ayn1 alanda konumlandirilmasi yoluyla su verimliliginin artirilabilecegine igaret
etmektedir. Bununla birlikte, s6z konusu yararlarin farkl bitki tiirleri, iklim kosullar1 ve sistem tasarimlari
altinda ne Olglide genellenebilir oldugunun belirlenebilmesi igin, dzellikle geleneksel tarim makinelerinin
kullanimina olanak saglamak amaciyla giines panellerinin 3-5 m yiikseklikte konumlandirildig
uygulamalarda, ilave arastirmalara gereksinim duyulmaktadir.

Anahtar Kkelimeler: Agrivoltaik sistemler, su verimliligi, siirdiiriilebilir sulama, arazi kullanim
etkinligi, iklim degisiklig¢ine uyum

205



ICASI 2025
3. ULUSLARARASI & 16. ULUSAL TARIMSAL YAPILAR VE SULAMA KONGRESI
24-27 HAZIRAN 2025

PHOTOVOLTAIC SOLAR POWER PLANT INTEGRATED OVER FRUIT TREES: ERCIYES
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Omer YALCIN!
ODTU-GUNAM, Ankara, Tiirkiye
ORCID: 0009-0007-8453-6951
omer.yalcin@odtugunam.org

Duygu KUZYAKA?
ODTU-GUNAM, Ankara, Tiirkiye
ORCID: 0000-0002-8112-1837

Talat OZDEN?
ODTU-GUNAM, Ankara, Tiirkiye
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ABSTRACT

In recent years, the increasing frequency of extreme weather events has severely impacted fruit producers.
Events such as agricultural frost and hail pose significant risks, while global warming has led to fruit
blemishes and leaf burns. Additionally, certain fruit cultivations require the use of shading nets. Agrivoltaic
(AgriPV) systems offer a promising solution to these challenges.

This study presents the design details and light distribution analysis of an AgriPV system installed over
apricot trees, developed under the sub-project titled "Solar Energy for Green Transformation in Agriculture"
within the Sustainable Smart Agriculture Platform (S-ATP) project. The design utilizes custom-made
photovoltaic panels with a sparse cell layout, mounted on a single-axis tracking system aligned in the east-
west direction at a height of 4.5 meters. Beneath the panels, there are mature trees over 5 years old, as well
as younger saplings approximately 2 years old. The system comprises 120 solar panels covering an area of
around 330 m?2. An adjacent control plot of equal size hosts trees and saplings without panel coverage.

Over the course of two years, both agricultural productivity and energy generation will be monitored to assess
the dual land-use efficiency and evaluate how agricultural yield is affected by environmental sensors. The
Erciyes AgriPV system is the first implementation in Tiirkiye to integrate specially designed sparse-cell PV
panels with a sun-tracking system over fruit trees. Furthermore, in 2026, a custom-developed decision-
support algorithm will be activated to control the panel positioning, prioritizing crop productivity, and
optimizing irrigation timing based on soil moisture and ambient conditions.

Keywords: Agrivoltaic system, solar energy, apricot trees, custom-designed solar panel
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MEYVE UZERINE ENTEGRE FOTOVOLTAIK GUNES ENERJiSi SANTRALI: ERCIYES
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OZET

Son yillarda artan sira digi hava olaylart meyve iireticisini olumsuz etkilemektedir. Zirai don ve dolu gibi
olaylar bunlarm basinda gelmektedir. Bunun yan1 sira kiiresel 1sinmanin etkisi ile meyve iriiniinde lekeler
hatta meyve yapraklarinda yaniklar olusmaktadir. Ayrica bazi meyve yetistiriciliginde golgeleme filelerinin
kullanimina ihtiya¢ duyulmaktadir. Tarima entegre fotovoltaik (AgriPV) sistemler bu sorunlara ¢oziim
potansiyeli sunmaktadir. Bu ¢caligmada, Siirdiiriilebilir Akilli1 Tarim Platformu (S-ATP) projesinde yiiriitiilen
“Tarimda Yesil Doniistim icin Glines Enerjisi” isimli alt proje kapsaminda kayisi agaclarinin tizerinde
konumlandirilmis bir AgriPV tasarim detaylar1 ve 151tk dagilim analizleri sunulmaktadir. Tasarimda
seyreltilmis hiicreli 06zel panellerin kullanimi tercih edilmistir ve paneller dogu bati yoniinde
konumlandirilmig tek eksek giines izleme sistemi ile donatilmigtir. 4.5m yiikseklige konumlandirilmis
paneller atinda 4 metrelik ve 5 yasindan biiylik agaclar varken ayni zamanda yaklasik 2 yillik fidanlar
bulunmaktadir. Toplam 120 giines paneli ve yaklasik 330 m2 alana sahip AgriPV’nin giiney yoniinde ayni
biiytikliikteki alanda kontrol grubu aga¢ ve fidanlar da bulunmaktadir. 2 y1l boyunca tarimsal faaliyet ve enerji
iiretimin izlenecegi projede arazinin ikili kullanim verimliligi belirlenmesi ve tarimsal verimliligin ortam
sartlarin getirdigi olumsuzluklardan ne kadar etkilendigi gézlemlenmesi hedeflenmektedir.Calisma sunulan
Erciyes AgriPV , Tiirkiye’de meyve agaclarn {izerine gelistirilen, giines takip sistemi ile donatilmis ve
seyreltilmis hiicrelere sahip 6zel tasarim giines paneli kullanilan ilk uygulama olma 6zelligine sahiptir. Ayrica
2026 yilinda 6zel gelistirilmis bir karar verici algoritma ile giines takip sistemi tarimsal verimi 6nceleyecek
sekilde panellerin pozisyon a¢ilarini belirlerken sulama zamani ile siiresini de toprak nem ve ortam sartlarina
gore tayin edecektir.

Anahtar kelimeler: Agrivoltaik Sistem, Giines Enerjisi, Kayis1 Agaclari, Ozel Tasarim Giines Paneli
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THE EFFECT OF AGRIVOLTAIC SYSTEM ON NUTRIENT CONTENT, YIELD, AND WATER
PRODUCTIVITY OF POTATOES

Israa M. T. WITWIT !, Hadi A. AL-AGELE", Chad W. HIGGINS?

"Department of Soil and Water Resource, College of Agriculture, Al-Qasim Green University, Al-Qasim
District 964, Babylon 51013, Iraq

“Department of Biological and Ecological Engineering, College of Agricultural Science, Oregon State
University, Corvallis, OR 97331, USA

ABSTRACT

Integrating innovative technologies such as agrivoltaic systems, improving water use efficiency, and adopting climate-
smart agricultural practices can help ensure that farming systems are resilient, resource-efficient, and capable of feeding
future generations. This study aims to investigate the growth of potato plants both beneath and between simulated solar
panels, as well as in a control area. The effects of two levels of deficit irrigation (35% and 50%) and three levels of
potassium sulfate fertilizer are examined. Total yield, water productivity, and nutrient analysis of the plants, potatoes,
and soil are conducted. The results show that light conditions are the most significant factor (more than irrigation or
fertilizer) for most observations. The results show that light conditions are the most important factor (more so than
irrigation or fertilizers), with total yields higher (277.9 kg or more than 17 t/ha) at irrigation level (10.35) and (241.4 kg
or more than 15 t/ha) at irrigation level (10.5) in the partially shaded areas between the solar panels marked as (B). In
contrast, the total yield in the light areas (L) was (253.1 kg or more than 16 t/ha) at irrigation level (10.35) and (232.3
kg or more than 14 t/ha) at irrigation level (10.5), while the yield in shaded areas (S) was (204.8 kg or more than 13 t/ha)
at irrigation level (10.35) and (191.45 kg or more than 12 t/ha) at irrigation level (10.5). The decrease in total production
in the shade was 26% at irrigation level (10.35) and 20% at irrigation level (10.5) compared to the partial-shade area, and
19% at irrigation level (10.35) and 18% at irrigation level (I0.5) compared to the light area. The results of water
consumption (added water) indicated that the amount of water added to plants growing in shade was significantly less
than that of plants in partial shade and light at both irrigation levels. The amount of added water in the shade was 3833
m3/ha at irrigation level (10.35) and 3517 m3/ha at irrigation level (10.5). In partial shade, it was 3883 m?¥/ha at irrigation
level (10.35) and 3585 m>/ha at irrigation level (10.5). In light conditions, it was 3903 m3/ha at irrigation level (10.35)
and 3607 m>*/ha at irrigation level (10.5). The results indicated that water productivity in partial shade and light conditions
differed significantly from that of shaded plants at both irrigation levels. Water productivity values in partial shade were
recorded at 4.42 kg/m? at irrigation level (10.35) and 4.16 kg/m? at irrigation level (10.5). Under light conditions, water
productivity values measured 4.00 kg/m? at irrigation level (10.35) and 3.98 kg/m? at irrigation level (10.5). In the shade,
water productivity values were 3.30 kg/m? at irrigation level (10.35) and 3.36 kg/m? at irrigation level (10.5). The increase
in water productivity in the interpanel areas suggests that the combination of shading and irrigation contributed to water
conservation and reduced evaporation, leading to more efficient water use without compromising overall production.
The combination of full shade, 35% irrigation deficit, and low potassium enhances available phosphorus and decreases
potassium concentrations in the soil. The discovery that agrivoltaic systems can support healthier soil nutrient dynamics

through shading and deficit irrigation is a promising area for future research into sustainable farming practices.

Keywords: Agrivoltaic systems, deficit irrigation, water productivity, potato yield, soil nutrient Dynamics

208



ICASI 2025
3. ULUSLARARASI & 16. ULUSAL TARIMSAL YAPILAR VE SULAMA KONGRESI
24-27 HAZIRAN 2025

AGRIVOLTAIK SISTEMIN PATATESTE BESIiN ELEMENTI iCERiGi, VERIM VE SU
VERIMLILiGi UZERINDEKI ETKISi

Israa M. T. WITWIT !, Hadi A. AL-AGELE"* Chad W. HIGGINS?

"Toprak ve Su Kaynaklar1 Bolimii, Ziraat Fakiiltesi, Al-Qasim Green Universitesi, Al-Qasim 964, Babil
51013, Irak

2Biyolojik ve Ekolojik Miihendislik Boliimii, Ziraat Bilimleri Fakiiltesi, Oregon State Universitesi,
Corvallis, OR 97331, ABD

OZET

Agrivoltaik sistemler gibi yenilikgi teknolojilerin tarima entegre edilmesi, su kullanim etkinliginin artirilmasi
ve iklim dostu tarimsal uygulamalarin benimsenmesi, tarimsal iiretim sistemlerinin dayaniklili§inin
artirtlmasina, kaynaklarin daha etkin kullanilmasina ve gelecek nesillerin beslenmesine katki saglamaktadir.
Bu calismada, patates bitkilerinin simiile edilmis giines panellerinin altinda, paneller arasindaki alanlarda ve
kontrol kosullarinda gelisimi incelenmistir. Arastirmada, iki farkli kisintili sulama diizeyi (%35 ve %50) ile
tic farkli potasyum siilfat giibre dozu degerlendirilmistir. Toplam verim, su verimliligi ile bitki, yumru ve
toprakta besin elementi analizleri gergeklestirilmistir. Elde edilen sonuglar, gogu goézlem agisindan 1s1k
kosullarinin (sulama ve giibrelemeden daha baskin bigimde) en 6nemli faktér oldugunu ortaya koymustur.
Sonuglara gore, kismi golgeli ve giines panelleri arasindaki alanlarda (B), sulama diizeyi lo.3s’te toplam
verimin 277,9 kg (17 t/ha’dan fazla), sulama diizeyi lo.s’te ise 241,4 kg (15 t/ha’dan fazla) oldugu
belirlenmistir. Aydinlik alanlarda (L) toplam verim, sulama diizeyi lo.3s’te 253,1 kg (16 t/ha’dan fazla), sulama
diizeyi lo.s’te ise 232,3 kg (14 t/ha’dan fazla) olarak ol¢iilmiistiir. Golgeli alanlarda (S) ise toplam verimin,
sulama diizeyi lo.3s’te 204,8 kg (13 t/ha’dan fazla) ve sulama diizeyi lo.s’te 191,45 kg (12 t/ha’dan fazla)
oldugu belirlenmistir. Golge kosullarinda toplam tretimdeki azaligin, kismi gdlge alanlara kiyasla sulama
diizeyi lo.ss’te %26, lo.s’te %20; aydmlik alanlara kiyasla ise sirasiyla %19 ve %18 oldugu saptanmigtir. Su
tilkketimi (uygulanan sulama suyu) sonuglari, gélgede yetistirilen bitkilere verilen su miktarinin, her iki sulama
diizeyinde de kismi goélge ve aydinlik kosullara gére anlamli derecede daha diisiik oldugunu gostermistir.
Golgede uygulanan su miktari, sulama diizeyi lo.3s’te 3833 m?*/ha ve lo.s’te 3517 m*/ha olarak belirlenmistir.
Kismi golgede bu degerler sirastyla 3883 ve 3585 m*ha, aydinlik kosullarda ise 3903 ve 3607 m*/ha olarak
hesaplanmistir. Su verimliliginin, her iki sulama diizeyinde de kismi golge ve aydinlik kosullarda, gdlgeli
kosullara kiyasla anlamli derecede daha yiiksek oldugu belirlenmistir. Kismi golgede su verimliligi, sulama
diizeyi lo.ss’te 4,42 kg/m?® ve lo.s’te 4,16 kg/m? olarak 6l¢iilmiistiir. Aydinlik kosullarda bu degerler sirasiyla
4,00 ve 3,98 kg/m? olarak belirlenirken, gélgede su verimliligi sulama diizeyi lo.3s’te 3,30 kg/m? ve lo.s’te 3,36
kg/m? olarak hesaplanmigtir. Paneller arasindaki alanlarda su verimliliginde gozlenen artigin, gélgeleme ve
kisintili sulamanin birlikte etkisiyle buharlasmanin azalmasina ve suyun daha etkin kullanilmasina baglh
oldugu; bu durumun ise toplam iiretimde Onemli bir kayba yol agmadan su tasarrufu sagladigi
degerlendirilmistir. Ayrica, tam golge, %35 kismtili sulama ve diisiik potasyum uygulamasinin, toprakta
yarayigh fosforu artirdig1 ve potasyum derigimini azalttig1 belirlenmistir. Agrivoltaik sistemlerin, gélgeleme
ve kisintili sulama yoluyla toprak besin elementi dinamiklerini olumlu yonde destekleyebileceginin ortaya
konulmasi, siirdiiriilebilir tarim uygulamalarina yonelik gelecekteki arastirmalar agisindan umut verici bir
bulgu olarak degerlendirilmektedir.

Anahtar kelimeler: Agrivoltaik sistemler, kisintili sulama, su verimliligi, patates verimi, toprak besin
elementi dinamikleri
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ABSTRACT

This study discusses the technical, environmental, and spatial evaluation approach to agrivoltaic systems
developed within the framework of the Model Region Agrivoltaics project conducted in Baden-Wiirttemberg,
Germany. The project aims to optimize agricultural production and solar energy production together on the
same land. In this study, different agrivoltaic system configurations were analyzed in terms of crop yield,
land use efficiency, microclimate effects, and energy production potential. The study shared planning criteria,
appropriate crop-system pairings, and regional scalability strategies developed taking into account the
agroclimatic conditions specific to the Baden-Wiirttemberg region. Furthermore, the potential of agrivoltaic
practices to reduce climate risks in agricultural production, increase water efficiency, and prevent land-use
conflicts was highlighted. The findings show that agrivoltaic systems contribute not only to energy production
but also to sustainable agricultural production and rural development goals. This regional approach provides
an important reference framework for the widespread adoption of agrivoltaic systems throughout Germany
and in regions with similar agroecological conditions.

Keywords: Agrivoltaics, agrivoltaic system design, land use efficiency
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OZET

Bu calismada, Almanya’nin Baden-Wiirttemberg eyaletinde yiiriitilen Model Bolge Agrivoltaik Projesi
kapsaminda gelistirilen agrivoltaik sistemlere yonelik teknik, ¢cevresel ve uzamsal degerlendirme yaklagimi
ele alinmistir. Proje ile ayni arazi lizerinde tarimsal iiretim ile glines enerjisi liretiminin birlikte eniyilenmesi
amaglanmigtir. Bu kapsamda, farkli agrivoltaik sistem konfigiirasyonlart; iiriin verimi, arazi kullanim
etkinligi, mikroiklim etkileri ve enerji {iretim potansiyeli agisindan analiz edilmistir. Calismada, Baden-
Wiirttemberg bdlgesine 0zgii agroiklimsel kosullar dikkate alinarak gelistirilen planlama olgiitleri, uygun
iirlin—sistem eglestirmeleri ve bolgesel dlgekte yayginlastirma stratejileri paylasilmistir. Ayrica, agrivoltaik
uygulamalarin tarimsal iiretimde iklim kaynakli risklerin azaltilmasina, su kullanim etkinliginin artirilmasina
ve arazi kullanim catismalarinin 6nlenmesine katki saglama potansiyeli vurgulanmistir. Elde edilen bulgular,
agrivoltaik sistemlerin yalnizca enerji iretimine degil, ayn1 zamanda siirdiiriilebilir tarimsal {iretim ve kirsal
kalkinma hedeflerine de katkida bulundugunu goéstermektedir. Bu bolgesel yaklasimin, Almanya genelinde
ve benzer agroekolojik kosullara sahip bolgelerde agrivoltaik sistemlerin yayginlastirilmasina yonelik 6nemli
bir referans gergevesi sundugu degerlendirilmistir.

Anahtar kelimeler: Agrivoltaik sistemler, agrivoltaik sistem tasarimi, arazi kullamim etkinligi
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ABSTRACT

In recent years, the agricultural sector has faced significant challenges, including climate change, water
scarcity, and high energy costs. Agrivoltaic systems (AgriPV), which consist of elevated or vertically
positioned photovoltaic panels, have emerged as a promising solution to mitigate some of these issues. These
systems provide partial shading to agricultural land while enabling simultaneous crop cultivation and solar
energy production. The design of AgriPV systems considers both the photosynthetic photon flux density
(PPFD) requirements of the crops and the dimensions of agricultural machinery used by farmers. The most
critical step in this productivity-oriented approach is to ensure a controlled shading environment that meets
the light needs of the plants.

This study presents the design details and light distribution analysis of an AgriPV system located in the Ayas
district of Ankara, Tiirkiye. The analysis was conducted based on the PPFD requirements of the crops planned
to be grown under the panels. Additionally, environmental data—including temperature, humidity,
precipitation, wind speed, global horizontal irradiance, and PPFD—were collected throughout 2024 from
both the Ayas AgriPV system (established in 2023) and an adjacent reference agricultural plot. These
measurements were used to validate the results of a simulation model. A strong correlation was observed
between the simulated and measured values. Specifically, the model showed higher prediction accuracy for
PPFD values during the summer growing season, while deviations were more apparent during the cloudier
and wetter winter and spring months.

Keywords: Agrivoltaic system, PPFD, simulation validation, solar energy
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OZET

Son yillarda tarim sektorii; iklim degisikligi, su kithigr ve yiiksek enerji maliyetleri gibi 6nemli zorluklarla
kars1 karsiya kalmaktadir. Yiikseltilmis veya dikey konumlandirilmis fotovoltaik panellerden olusan
agrivoltaik sistemler (AgriPV), bu sorunlarin bir kisminin azaltilmasina yénelik umut verici bir ¢6ziim olarak
ortaya ¢cikmistir. Bu sistemler, tarim arazileri {izerinde kismi golgeleme saglarken ayni zamanda bitkisel
iiretim ile giines enerjisi iiretiminin es zamanl olarak gerceklestirilmesine olanak tanimaktadir. AgriPV
sistemlerinin tasariminda, yetistirilecek bitkilerin fotosentetik foton aki yogunlugu (PPFD) gereksinimleri ile
ciftciler tarafindan kullanilan tarim makinelerinin boyutlar1 birlikte dikkate alinmaktadir. Verimlilik odakli
bu yaklasimda en kritik agama, bitkilerin 151k gereksinimlerini karsilayacak sekilde kontrollii bir gélgeleme
ortaminin saglanmasidir. Bu ¢alismada, Tiirkiye’nin Ankara iline bagl Ayas ilgesinde bulunan bir AgriPV
sisteminin tasarim detaylar1 ve 1gik dagilimi analizi sunulmustur. Analizler, paneller altinda yetistirilmesi
planlanan bitkilerin PPFD gereksinimleri temel alinarak gerceklestirilmistir. Ayrica sicaklik, bagil nem, yagis,
rlizgar iz, kiiresel yatay 1s51nim ve PPFD gibi gevresel veriler, 2024 yili boyunca hem 2023 yilinda kurulan
Ayas AgriPV sisteminden hem de bitisiginde yer alan referans bir tarim parselinden elde edilmistir. Elde
edilen Olglimler, gelistirilen bir simiilasyon modelinin sonuglarinin dogrulanmasinda kullanilmistir.
Simiilasyon ve ol¢iim degerleri arasinda giiclii bir iliski oldugu belirlenmistir. Ozellikle modelin, yaz
yetistirme doneminde PPFD degerlerinin tahmininde daha yiiksek dogruluk gosterdigi; buna karsilik
bulutluluk ve yagisin daha fazla oldugu kig ve ilkbahar aylarinda sapmalarin daha belirgin oldugu tespit
edilmistir.

Anahtar Kelimeler: Agrivoltaik sistem, PPFD, simiilasyon dogrulamasi, giines enerjisi
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ABSTRACT

Agrivoltaic (AgriPV) systems offer a novel approach to sustainable land use by combining photovoltaic
electricity generation with agricultural productivity. This study assesses how sun shading affects crop
physiological reactions, evapotranspiration, and soil water retention under AgriPV settings. Using the FAO
Penman—Monteith equation, reference evapotranspiration (ETo) was compared between shaded and open-
field environments. The partial reduction in incident solar radiation resulted in decreased ETo and lower rates
of surface evaporation. Measurements of photosynthetically active radiation (PAR) showed dynamic shading
patterns throughout the day, with higher midday PAR in central zones and lower morning and afternoon
irradiance. According to experimental data, crops grown on AgriPV panels showed better soil moisture
retention and stomatal conductivity than open-field controls. For instance, under AgriPV shade, stomatal
conductance in broccoli and coriander rose by 94% and 186%, respectively. As a result, comparable yields
were maintained with less irrigation. These results highlight the potential of agrivoltaic systems to optimize
the water—energy—food nexus by improving water-use efficiency without compromising agricultural
productivity, particularly in semi-arid regions facing climate-induced water scarcity.

Keywords: AgriPV, solar panel, irrigation
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OZET

Tarimsal Voltaik (AgriPV) sistemleri, fotovoltaik elektrik {iretimini tarimsal verimlilikle birlestirerek
stirdiiriilebilir arazi kullanimina yeni bir yaklagim sunmaktadir. Bu ¢alisma, giines golgelemesinin AgriPV
ortamlarinda bitki fizyolojik reaksiyonlarini, buharlasma ve terlemeyi ve toprak su tutulumunu nasil
etkiledigini degerlendirmektedir. FAO Penman-Monteith denklemi kullanilarak, golgeli ve agik tarla
ortamlari arasinda referans buharlagsma ve terleme (ETo) karsilagtirilmistir. Gelen giines 1sinimindaki kismi
azalma, ETo'nin azalmasina ve ylizey buharlagsma oranlarinin diismesine neden olmustur. Fotosentetik olarak
aktif radyasyon (PAR) dl¢iimleri, glin boyunca dinamik goélgeleme desenleri gostermistir; 6gle vakti PAR
degerleri merkez bolgelerde daha yiliksek, sabah ve Ogleden sonra ise daha diisiik 1s1mim degerleri
goriilmiistiir. Deneysel verilere gore, AgriPV panellerinde yetistirilen bitkiler, agik tarla kontrollerine gore
daha iyi toprak nemi tutma ve stoma iletkenligi gostermistir. Ornegin, AgriPV gélgesi altinda brokoli ve
kisniste stoma iletkenligi sirasiyla %94 ve %186 artmistir. Sonug olarak, daha az sulama ile karsilagtirilabilir
verimler korunmustur. Bu sonuglar, tarimsal tiretkenlikten 6diin vermeden su kullanim verimliligini artirarak
su-enerji-gida iligkisini optimize etmek igin tarimsal elektrik sistemlerinin potansiyelini vurgulamaktadir;
ozellikle iklim kaynakli su kitligiyla kars1 karsiya olan yar1 kurak bolgelerde.

Anahtar Kkelimeler: AgriPV, giines paneli, sulama
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ABSTRACT

This study addresses the role of design approaches, multi-stakeholder collaborations, and policy frameworks
in the successful implementation of agrivoltaic systems. Based on studies conducted worldwide, the
assessment emphasizes that agrivoltaic applications are not merely a technical energy solution, but a multi-
dimensional system integrating agricultural, energy, and rural development policies. The study addressed the
impacts of different agrivoltaic design options (panel height, aperture ratio, layout geometry) on agricultural
production, farmer acceptance, and system performance. It also demonstrated that strong partnerships
between public institutions, the private sector, research organizations, and farmers enhance the feasibility and
long-term success of agrivoltaic projects. In terms of policy, it was emphasized that appropriate legislation,
incentive mechanisms, and land-use regulations are critical to scaling up agrivoltaic investments. The
presentation demonstrates that agrivoltaic systems are a strategic tool contributing to the goals of combating
climate change, food security, and sustainable land management.

Keywords: Policy frameworks, agrivoltaic policy
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OZET

Bu caligmada, agrivoltaik sistemlerin basarili bir bigimde uygulanmasinda tasarim yaklagimlarinin, ¢ok
paydasli i birliklerinin ve politika ger¢evelerinin rolii ele alinmigtir. Diinya genelinde yiiriitiilen ¢aligmalar
temel alinarak yapilan degerlendirmelerde, agrivoltaik uygulamalarin yalnizca teknik bir enerji ¢oziimii
olmadigt; tarim, enerji ve kirsal kalkinma politikalarini biitiinlestiren ¢ok boyutlu bir sistem niteligi tasidig1
vurgulanmigtir. Calisma kapsaminda, farkli agrivoltaik tasarim segeneklerinin (panel yiiksekligi, agiklik
orani, yerlesim geometrisi) tarimsal {iiretim, cift¢i kabulii ve sistem performansi iizerindeki etkileri
incelenmistir. Ayrica, kamu kurumlari, 6zel sektdr, arastirma kuruluslar ve tireticiler arasinda kurulan giiclii
is Dbirliklerinin, agrivoltaik projelerin uygulanabilirligini ve uzun donemli basarisim artirdigi ortaya
konulmustur. Politika boyutunda ise, uygun mevzuat diizenlemelerinin, tesvik mekanizmalarinin ve arazi
kullanim planlamalarinin, agrivoltaik yatinmlarin yayginlastirilmasinda kritik 6neme sahip oldugu
belirtilmistir. Sonug olarak, agrivoltaik sistemlerin iklim degisikligiyle miicadele, gida giivencesinin
saglanmasi ve siirdiiriilebilir arazi yonetimi hedeflerine katki sunan stratejik bir ara¢ oldugu gosterilmistir.

Anahtar kelimeler: Politika ¢erceveleri, agrivoltaik politika
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ABSTRACT

The rapid growth of solar energy around the world emphasizes the critical need for precise definitions of
agrivoltaics and legal frameworks that strike a balance between the production of renewable energy and the
preservation of agricultural land. This study reviews emerging agrivoltaic policies and permitting procedures
across U.S. states and European contexts. In the United States, states such as Massachusetts, Maine, and New
Jersey have introduced land-use permitting systems that specify minimum array heights, dynamic shading
limits, and requirements for continued agricultural activity beneath or around PV panels. Programs such as
Massachusetts” SMART and Rhode Island’s Farm, Forest, and Open Space Act incentivize dual-use solar
production through tax benefits and compensation adjustments based on credible agricultural management
plans. Definitions of “agricultural use” increasingly encompass crop, livestock, apiary, and ecosystem service
production, promoting biodiversity and local resilience. Furthermore, policy tools such as Minnesota’s
scoring rubrics reward agrivoltaic and pollinator-friendly designs contributing to community resilience and
water quality improvement. By harmonizing agrivoltaic standards—including design, land classification, and
program eligibility—governments can establish a consistent framework that enables sustainable dual land
use, ensures long-term farm viability, and strengthens the water—food—energy nexus in both regional and
national development strategies.

Keywords: Agrivoltaics, politics, agricultural land use
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OZET

Diinya genelinde giines enerjisinin hizla biiyiimesi, yenilenebilir enerji iiretimi ile tarim arazilerinin
korunmasi arasinda denge kuran tarimsal giines enerjisi sistemlerinin ve yasal gercevelerin kesin tanimlarina
duyulan kritik ihtiyac1 vurgulamaktadir. Bu ¢aligma, ABD eyaletleri ve Avrupa genelindeki yeni tarimsal
glines enerjisi politikalarin1 ve izin prosediirlerini incelemektedir. Amerika Birlesik Devletleri'nde
Massachusetts, Maine ve New Jersey gibi eyaletler, minimum dizi yiiksekliklerini, dinamik goélgeleme
sinirlarin1 ve PV panellerinin altinda veya cevresinde devam eden tarimsal faaliyetler igin gereklilikleri
belirleyen arazi kullanim izin sistemlerini uygulamaya koymustur. Massachusetts'in SMART ve Rhode
Island'in Ciftlik, Orman ve Ag¢ik Alan Yasasi gibi programlar, giivenilir tarimsal yonetim planlarina dayali
vergi avantajlar1 ve tazminat ayarlamalar yoluyla ¢ift kullanimli glines enerjisi iiretimini tesvik etmektedir.
"Tarimsal kullanim" tanimlar1 giderek artan bir sekilde {iriin, hayvancilik, aricilik ve ekosistem hizmeti
iiretimini kapsamakta ve biyolojik ¢esitliligi ve yerel dayaniklilig1 desteklemektedir. Dahasi, Minnesota'nin
puanlama olgiitleri gibi politika araglari, toplumsal dayaniklilik ve su kalitesinin iyilestirilmesine katkida
bulunan tarimsal ve polinatdr dostu tasarimlar ddiillendirmektedir. Tasarim, arazi siniflandirmasi ve program
uygunlugu dahil olmak {izere tarimsal standartlart uyumlu hale getirerek, hiikiimetler siirdiiriilebilir ikili arazi
kullanimint miimkiin kilan, uzun vadeli ¢iftlik siirdiiriilebilirligini saglayan ve hem bdlgesel hem de ulusal
kalkinma stratejilerinde su-gida-enerji bagi giiclendiren tutarli bir ¢cerceve olusturabilirler.

Anahtar kelimeler: Agrivoltaik, politika, tarimsal arazi kullanim
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ABSTRACT

Field experiments conducted by Fraunhofer Chile demonstrate the significant microclimatic and hydrological
benefits of agrivoltaic (AgriPV) systems under semi-arid conditions. Measurements show that photovoltaic
panels reduce solar irradiation by 30—40%, resulting in a 31% decrease in irrigation demand and a 29%
increase in soil moisture beneath the panels. Potential evapotranspiration, calculated using the FAO-56
Penman—Monteith equation, confirmed reduced atmospheric water loss under shaded conditions. Crop
monitoring of lettuce in Lampa revealed no significant statistical differences in yield between shaded and
open-field treatments, indicating that reduced radiation does not compromise productivity. However, inverter
performance analysis indicated a decline during dry periods, with notable recovery following rainfall and
cleaning events. These findings underline the dual advantage of AgriPV systems in mitigating water stress
and maintaining energy generation efficiency. In Chile, where over half of blueberry orchards face water
emergencies, such systems present a viable strategy to enhance agricultural resilience to climate change while
optimizing solar energy output. The study highlights AgriPV as a scalable solution for balancing food, water,
and energy sustainability in vulnerable agroecosystems.

Keywords: Agrivoltaics, Evapotration, Soil Moisture
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OZET

Fraunhofer Sili tarafindan yiiriitiilen saha deneyleri, yar1 kurak kosullarda tarimsal voltaik (AgriPV)
sistemlerinin énemli mikroklimatik ve hidrolojik faydalarmi ortaya koymaktadir. Olgiimler, fotovoltaik
panellerin giines 1s1mnimin1 %30-40 oraninda azalttifini, bunun sonucunda sulama talebinde %31'lik bir
azalma ve panellerin altindaki toprak neminde %29'luk bir artis oldugunu gostermektedir. FAO-56 Penman-
Monteith denklemi kullanilarak hesaplanan potansiyel evapotranspirasyon, golgeli kosullar altinda
atmosferik su kaybinin azaldigin1 dogrulamistir. Lampa'da marul bitkilerinin izlenmesi, golgeli ve agik tarla
uygulamalar1 arasinda verimde anlamli bir istatistiksel fark ortaya koymamis ve bu da radyasyonun
azaltilmasinin verimliligi etkilemedigini gostermektedir. Bununla birlikte, invertdr performans analizi, kurak
donemlerde bir diisiis oldugunu, yagis ve temizleme etkinliklerinin ardindan ise kayda deger bir toparlanma
oldugunu gostermistir. Bu bulgular, AgriPV sistemlerinin su stresini azaltma ve enerji liretim verimliligini
koruma konusundaki ikili avantajin1 vurgulamaktadir. Yaban mersini bahgelerinin yarisindan fazlasinin su
acil durumlariyla kars1 karsiya oldugu Sili'de, bu tiir sistemler, giines enerjisi iiretimini optimize ederken
iklim degisikligine kars1 tarimsal dayaniklilig artirmak i¢in uygulanabilir bir strateji sunmaktadir. Calisma,
AgriPV'yi, hassas tarim ekosistemlerinde gida, su ve enerji siirdiiriilebilirligini dengelemek i¢in 6l¢eklenebilir
bir ¢6ziim olarak vurgulamaktadir.

Anahtar Kkelimeler: Agrivoltaik, buharlasma, toprak nemi
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ABSTRACT

The rapid growth of solar energy around the world emphasizes the critical need for precise definitions of
agrivoltaics and legal frameworks that strike a balance between the production of renewable energy and the
preservation of agricultural land. This study reviews emerging agrivoltaic policies and permitting procedures
across U.S. states and European contexts. In the United States, states such as Massachusetts, Maine, and New
Jersey have introduced land-use permitting systems that specify minimum array heights, dynamic shading
limits, and requirements for continued agricultural activity beneath or around PV panels. Programs such as
Massachusetts’ SMART and Rhode Island’s Farm, Forest, and Open Space Act incentivize dual-use solar
production through tax benefits and compensation adjustments based on credible agricultural management
plans. Definitions of “agricultural use” increasingly encompass crop, livestock, apiary, and ecosystem service
production, promoting biodiversity and local resilience. Furthermore, policy tools such as Minnesota’s
scoring rubrics reward agrivoltaic and pollinator-friendly designs contributing to community resilience and
water quality improvement. By harmonizing agrivoltaic standards—including design, land classification, and
program eligibility—governments can establish a consistent framework that enables sustainable dual land
use, ensures long-term farm viability, and strengthens the water—food—energy nexus in both regional and
national development strategies.

Keywords: Agrivoltaics, agricultural land use, solar panels
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OZET

Hyperion Systems, enerji projelerinin merkezine siirekli tarimsal {iretkenligi yerlestiren "Once Ciftgi" tasarrm
anlayistyla tarimsal giines enerjisi dagitimini ilerletiyor. Massachusetts'te kurulan firma, aktif tarim arazileri
iizerinde yiikseltilmis, yere monte giines panelleri gelistirerek, altindaki arazinin tiretimde kalmasini sagliyor.
Hadley'deki (MA) Joe Czajkowski Ciftligi'ndeki 445 kW DC dizisi gibi projeleri, sira araligi, modiil
yiiksekligi ve takip cihazi tasarimi kullanarak, PV iiretiminin yani sira tarim ekipmanlarinin ¢alismasini ve
tiriin ¢esitliligini sagliyor. Hyperion, tarimsal glines enerjisi baglamlarinda toprak sagligini, su yonetimini ve
ekonomik uygulanabilirligi degerlendirmek icin arastirmacilarla (6rnegin, Massachusetts Amherst
Universitesi Ulusal Yenilenebilir Enerji Laboratuvari) ve yayim hizmetleriyle is birligi yapiyor. Caligmalar,
ciftcilerin gesitlendirilmis bir gelir akis1 saglarken verim bozulmasini en aza indirerek ¢ift kullanimli araziler
etrafinda sekilleniyor. Hyperion'un yaklagimi, gilines enerjisi konumlandirmasi ve tarim arasindaki arazi
kullanim c¢atigsmalarmni ele aliyor, maliyet baskilari altinda c¢iftlik dayanikliligii tesvik ediyor ve
siirdiiriilebilir arazi yonetimini destekliyor. Bu vaka, tarimsal-voltaik tasarimin enerji ve gida sistemlerini tek
bir parselde nasil entegre edebilecegini, 1liman tarim bdlgelerinde su-gida-enerji bagini nasil ilerletebilecegini
ve ayni zamanda g¢iftliklerin zaman iginde siirdiiriilebilirligini nasil koruyabilecegini vurgulamaktadir.

Anahtar kelimeler: Agrivoltaik, tarimsal arazi kullanimi, giines panelleri
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