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Oz

Iklim, gida ve ekolojik krizlerin yasandig1 giiniimiizde Diyarbakir’in énemli kiiltiirel varliklarindan olan
ve kentin gida deposu niteligindeki Hevsel Bahgeleri’nin kentsel tarim alami olarak kullaniminin
degerlendirilmesi calismanin amacint olusturmaktadir. Hevsel Bahgeleri’nin gerek tarihi gerekse dogal
ozellikleri agisindan 6nemli degerlere sahip olmasi ¢alisma alani olarak secilmesinde etkili olmustur. Diyarbakir
Surlar1 ile Dicle Nehri arasinda bulunan, kentin kurulusu ile birlikte var oldugu diisiiniilen tarihi Hevsel
Bahgeleri yaklagik 300 hektarlik bir alana sahiptir. Suri¢i’ne yakin mahallelerde oturan niifusun giindelik gida ve
ekonomik ihtiyacglarini karsilayan bu tarim alani giiniimiizde varligini siirdiirmektedir. Hevsel Bahgeleri’nin
kentsel tarim olanaklarini saptamak amaciyla alanda g¢alisan giftciler ile yiiz yiize anket caligmasi ve analizler
yapilmugtir. Bu analizler ve anket sonuclarina gore UNESCO miras listesinde yer alan Hevsel Bahgeleri’nin ciddi
sorunlar ile karsi karsiya oldugu ortaya ¢ikmistir. Alanin ¢evresinde gelisen yapilasma, toprak ve su kirliligi,
sulama sistemi problemi, yol ve isiklandirma gibi ¢evresel problemler ile tarim alani ve g¢evresinin
denetlenmemesi, pargali miilkiyet durumu, turizm ve gog baskist gibi sosyo-ekonomik sorunlar bulunmaktadir.
Bu sorunlarin ¢éziime ulasmasi, tarimsal faaliyetlerin devam etmesi ve gelistirilmesi i¢in yerel yonetimlere
biiylik sorumluluk diismekte, kentsel tarim politikalarinin kentsel tasarim ve planlama calismalarina entegre
edilmesi gerekmektedir.
Anahtar Kelimeler: Kentsel tartm, UNESCO miras alani, Diyarbakir.

Evaluation Of The Hevsel Gardens As An Urban Agricultural Area

Abstract

The aim of the study is to evaluate the use of Hevsel Gardens, which is one of the important cultural
assets of Diyarbakir and the food store of the city, as an urban agricultural area in today's climate, food and
ecological crises. Hevsel Gardens has important values in terms of both its historical and natural features has
been effective in choosing it as a study area. Located between the Diyarbakir Walls and the Tigris River, the
historical Hevsel Gardens, which are thought to have existed with the foundation of the city, have an area of
approximately 300 hectares. This agricultural area, which meets the daily food and economic needs of the
population living in the neighborhoods close to Surigi, continues to exist today. In order to determine the urban
agriculture possibilities of Hevsel Gardens, face-to-face surveys with the farmers who works in the area and
analyzes were conducted. According to these analyzes and the results of the survey, it has been revealed that
Hevsel Gardens, which is on the UNESCO heritage list, is facing serious problems. There are environmental
problems such as structuring around the area, soil and water pollution, irrigation system, roads and lighting
problems, and socio-economic problems such as the lack of control of the agricultural area and its surroundings,
fragmented ownership, tourism and migration pressure. Local governments have great responsibility for the
solution of these problems, the continuation and development of agricultural activities, and the integration of
urban agriculture policies into urban design and planning studies.
Keywords: Urban agriculture, UNESCO heritage site, Diyarbakir.

Giris
Avcilik ve toplayicilik donemi sonrasinda tarimla ugragmaya baglayan insanoglu, zamanla bu

alanda uzmanlagmis, teknolojinin gelisimiyle birlikte tarim firiinlerini pazarlayarak ekonomik girdi
saglamustir. Ik tarimsal faaliyetler barmma yerlerinin yakininda ve sularin gekilmesiyle biriken
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verimli aliivyonal topraklarda gerceklesmistir (Mazoyer ve Roudart, 2016; Keskin ve Yildirim, 2019).
Tarimda yasanan devrim, sulama sisteminin gelismesi, gidanin depolanabilirligi, artan gidanin
pazarlanmas: ile ekonomik getirisi tarima dayali kent formlarii ve ilk uygarliklari ortaya gikarmigtir
(Karabag, 2020).

19.yy’da Sanayi Devrimi’nin etkisi ile birlikte kent ve tarim arasindaki iligski degismis; tarim
ihtiya¢ ekonomisinden isleme ve pazarlama ekonomisine evrilmis ve bu durum neticesinde kentler
tarim dist aktivitelerinin yapildig1 yerler olarak tanimlamistir (Keskin ve Yildirim, 2019).
Sanayilesmede yasanan gelismeler kent ve tarim iliskisini koparmis, kentlerdeki is giicii kirdan
kentlere dogru gogii arttirmis, kirsalda yer alan tarimsal etkinlikler olumsuz etkilenmistir. Giiniimiizde
asirt ve hizli niifus artist sonucu kentsel alanlarin giderek biiylimesi ile tarim alanlarinda baski
olusturan siire¢ baslamigtir. Bryld (2003)’e gore gelecekte yasanmasi muhtemel krizlere karsi kentsel
tarimi, kentsel politikalara ve tasarimlara dahil etmek ¢6ziim olacaktir. Tarimin kent iginde
yapilmasinin sosyal, ekonomik ve ¢evresel faydalarinin bulunmasi nedeniyle diinyada kentsel tarim ve
uygulamalari ile ilgili politikalar giderek yayginlasmaktadir (Keskin ve Yildirim, 2019).

Smit ve ark. (2001) kentsel tarimi, “biiyiik 6l¢iide bir kasaba, sehir veya metropoldeki
tilketicilerin, kentsel alanlara yayilmis toprak ve sulak alanlar {izerindeki giinliik talebine yanit olarak
gida ve yakit iireten, bunu isleyen ve pazarlayan bir endiistri” seklinde ifade etmektedir. Mougeot
(2000) ise kentsel tarimi; kent smirlart i¢inde kentin gida ihtiyacini yine kentin kaynaklari ile iireten,
dagitan ve pazarlayan aktivite olarak tanimlamaktadir. UNDP (1996)’ya gore kentsel tarimin faydalar
“g1da, saglik ve beslenme giivenligi, ekonomik faydalar, sosyal faydalar, siirdiiriilebilir kentler ve
afetlerin azalmas1” olmak iizere bes ana baglikta degerlendirilmektedir.

e Gida, Saghk ve Beslenme Giivenligi: Saglikli olmak i¢in gerekli kosullar bireyin tiikettigi
gidanin; miktari, kalitesi, sikligi, besinsel dengesi ve yasadigi ¢evrenin kalitesi ile ilgilidir.
Kentsel tarim ¢evresel kaliteyi ve besinsel gelisimi artirarak sagliga katki sunmaktadir.

e Ekonomik Faydalar: Kentsel tarim issizlik sorunun ¢oziimiinde, gelir firsatlarinin
olusturulmasinda, ulusal tarim sektoriiniin gelisiminde, kentsel gida tedarikinde etkili olup,
ekonomik alan kullanimi saglamaktadir.

e Sosyal Faydalar: Kentsel tarim yoksul kesimin sagligimni ve iiretkenligini arttirarak gelir
kaynag1 sagladigindan sosyal esitligi etkilemektedir.

o Afetlerin Azalmasi: Yap1 insa etmek i¢in maliyetli ve afet riski olan araziler ya da tagkin
yataklar1 kentsel tarim alani olarak kullanildiginda afetin olumsuz sonuglar1 azalmaktadir.

o Siirdiiriilebilir Kentler: Kentsel tarim ekolojik, ¢evresel iyilesme, etkili kent yonetimi, atik
yonetimi, kaynaklarin korunmasi gibi faydalar saglayarak siirdiiriilebilir kentlerin gelisiminde
etkili olmaktadir.

Kentsel tarimin bu faydalarinin yani sira UNDP (1996)’ya gore saglik, hijyen ve gevresel
alanda zararlar1 bulunabilmektedir. Saglik ve hijyen problemleri; kirli alanlarda iiriin yetistirme,
kentsel tarimda kimyasallar ve evsel atiklarin kullanimu ile kentsel alanda hayvancilik yapimindan
kaynakl1 sorunlardir.

e Kirli Kentsel Alanlarda Uriin Yetistirmek: Kent icinde ciftgilerin kullandiklar toprak, hava
ve su kaynaklar1 ulasim, endiistri ve ticari aktivitelerden etkilenmektedir. Bu kirlilik
tiiketicinin, lreticinin ve toplayicinin sagligini olumsuz etkileyerek cesitli rahatsizliklara yol
acabilmektedir.

e Kentsel Tarimda Kimyasallarin Kullanimi: Kentsel tarimda kullanilan kimyasallar
iirtinlerde kimyasal tortu kalintilar1 birakarak kansere, solunum yollar1 rahatsizligina, kisirliga,
anne siitiinde kirlenme gibi bir¢ok saglik problemlere yol acabilmektedir.

o Kentsel Tarimda Evsel Atiklarin Kullanimi: Tarimda atiklarin yeniden kullanilmasinin
bir¢cok faydasi olmasimna karsin, ¢iftgiler kompost edilmemis kati1 atiklar1 veya aritilmamis
kanalizasyon suyunu topragi ve hayvanlari beslemek i¢in kullandiklarinda gida kirlilikleri ve
buna bagli saglik sorunlari ortaya ¢ikabilmektedir.

o Kentsel Alanda Hayvancihik: Cevrede sakatatlarin bulunmasi, koku ve giiriiltii olusturmalari,
kanalizasyon sisteminin tikanmasi, hayvan diskilarinda bulunan bazi bakterilerin insanlarda
hastaliklara yol agmas1 gibi sorunlardan otiirii kentsel alanda hayvancilik saglik ve c¢evresel
zararlar olusturdugundan dolay: elestirilen bir konudur.
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e Cevresel Problemler: Tanm sektoriinde kimyasal girdilerin ¢ok fazla kullanimi topragi ve
suyu agir metallere maruz birakarak ¢evre sorunlarina neden olabilmektedir.

Ekonomik ve ekolojik sorunlarmm yasandigi giiniimiizde Diyarbakir’in 6nemli kiiltiirel
alanlarindan olan ve kentin gida deposu niteligindeki Hevsel Bahgeleri Kiiltiirel Peyzaj Alani’nin
kentsel tarim alani olarak kullaniminin degerlendirilmesi, g¢aligmanin konusunu olusturmaktadir.
Hevsel Bahgeleri’nin nehir ekosistemi ve tarihi kent ile kurmus oldugu iliski 2015 yilinda UNESCO
miras listesine dahil edilmesinde etkili olmustur. Hevsel Bahgeleri’nin terasli yapisi, geleneksel
yontemler ile tarimsal faaliyetlerin devam ediyor olmasi, kentle olan iligkisi, kentin Surici
bolgesindeki gida ve igsizlik sorununa bir ¢oziim olmasi, tarihi ozelligi ile turizm destinasyonu
iizerinde yer almasi gibi Ozelliklerinin kentin onemli bir peyzaj alani olmasinda etkisi biiyiiktiir.
Bununla beraber bahgelerde sebze, meyve, kavak, misir ve pamugun iiretilmesi de kent icindeki
Onemini arttirmaktadir.

Materyal ve Yontem

Calisma alanini olusturan Hevsel Bahgeleri Diyarbakir ili Sur ilgesinde, 40° 13' dogu boylamu,
37° 53' kuzey enlemlerinde, tarihi Surigi bolgesinin dogusunda yer almaktadir. Google Earth’ten
yapilan dl¢limlere gore yaklasik 300 hektarlik alana sahip olan Hevsel Bahgeleri tarim arazisi olarak
kullanilmaktadir. Calismada, Hevsel Bahgeleri’nin Dicle Nehri ile Surlar arasinda kalan, ayn1 zamanda
UNESCO Kiiltirel Peyzaj Alami i¢inde NP4 Miras Alani lejanti ile gosterilen boliim
degerlendirilmektedir (Sekil 1).

- Diyarbaker Kalesi ve Surlan e X 1

[ i 3!», arbalar Kales! ve

,‘—_,\"3‘ Surfan Koremas Basd

| NP4 Hevsel Bahgeleri

[ NPS] Hevsel Bahceleri Etki Alam

NP6:| Dicke Nehri Kamusal
T Ky Kl

Sekil 1. UNESCO Kiiltiirel Peyzaj Aday Varlik Alani (Diinya Miras Listesi Adaylik Dosyasi, 2014)
Figure 1. UNESCO Cultural Landscape Candidate Asset Area

Aragtirmada Hevsel Bahgeleri’nin kentsel tarim alani olarak kullaniminin degerlendirilmesi
amactyla detayli literatiir taramasi yapilmis, arastirma alanini kapsayan kroki, harita, plan ve raporlar
ile arastirma alaninda ¢ekilen fotograflar kullanilmistir. Ulusal ve uluslararasi literatiirde kentsel
tarim1 degerlendiren c¢alismalar 2000 yili sonrasinda artmaya baslamistir. Kentsel tarimi gesitli
yonleriyle ele alan c¢aligmalar ¢ogunlukla, kentsel tarimin 6nemine deginmekte ve Ornek alanlar
iizerine degerlendirme yapmaktadir. Hevsel Bahgeleri’ni ele alan ¢alismalarda ise ¢ogunlukla kent igin
Onemi, tarihsel gelisim siireci, tarimsal potansiyeli, sahip oldugu ekolojik ve kiiltiirel 6zelliklere yer
verilmistir. Hevsel Bahgeleri’ni kentsel tarim alani olarak degerlendiren caligmalarin az sayida olmasi
alan se¢imini etkilemistir.
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Calismada, Hevsel Bahgeleri’nin sosyo-ekonomik, kiiltiirel ve ¢evresel 6nemi ile sorunlarini
ortaya koymak amaciyla Hevsel Bahgeleri’ni kullanan/calisan kigilere yiiz yiize 62 sorudan olusan
anket uygulanmis, ancak sorularin tam anlagilamamasi, cevaplarin ¢elismesi gibi nedenlerden otiirii
sorularin bir kismi ¢aligmaya dahil edilememistir. Anket, Hevsel Bahgeleri’nde calisan ciftgilerin
demografik yapisi, bahgelerin ¢evresel kalitesi ve sorunlari, kentsel baglantilari, tarimsal {iriin
cesitliligi, arazi kullanimi, bahge icinde ve gevresindeki yapilasma durumu, UNESCO ve yerel
yonetimlerden beklentiler ile ilgili sorulari icermektedir. Bu kapsamda yoneltilen sorular asagidaki
sekildedir:

—  Yas araligy, cinsiyet, egitim durumu,

— Hevsel Bahgeleri’nde calisan cift¢ilerin ikamet yerleri ve yasadiklar yeri tercih etme
nedenleri,

—  Gog ile gelme durumu, gog ile geldiyse geri donmeyi isteyip istemedikleri,

— Hevsel Bahgelerindeki ¢alisma siireleri,

— Tarimla ugrasma nedenleri ve tarim diginda farkli bir isle ugrasip ugrasmadiklari,

— Hevsel Bahgeleri’ni kullananlarin miilkiyet durumu (yer sahibi/kiraci/kama),

— Kiraci ve karma miilkiyeti olan ¢iftcilerin kiraladiklar1 yer (vakif/sahis) ve kira bedeli

— Calistiklar1 tarim arazisi biiyiikliigli ve bu biiyiikligiin yeterli olup olmadig,

— Toplam aylik gelir ve Hevsel Bahgeleri’'nden kazanilan aylik gelir

— Tarim amach aylik masraf ve elde edilen gelirin ailenin ihtiyaclarini karsilayip
karsilamadig,

— Yetistirilen iirlinler ve bunlari satip satmadiklari,

—  Uriinlerin satildig1 yerler, pazar ihtiyacinin olup olmadi81 ve pazarin nerede kurulmasi
gerektigi,

— Sulama ihtiyacinin nasil karsilandigi,

— Tarimda diisiis olup olmadig ve karsilasilan sorunlar,

— Tarimda zirai ila¢ kullanim durumu,

— Hevsel Bahgeleri ¢evresindeki diizenlemelerin tarimi etkileyip etkilemedigi,

— UNESCO’yu duyup duymadiklari ve katkisinin olup olmadigi,

— UNESCO’dan beklentilerin olup olmadigi ve beklentilerin neler oldugu,

Anket Hevsel Bahgeleri’nde tarla sahibi olan, kiraci olan veya kendisine ait tarlasi olan ve
bununla birlikte vakif veya sahislardan tarim arazi kiralayan (karma miilkiyet) ve alanda calisan
rastgele secilen 15 ¢iftgiye uygulanmigtir. Diinya Miras Listesi Adaylik Dosyasi (2014)’e gore Hevsel
Bahgeleri’nde iiretim yapan 84 giftci ailesi bulunmaktadir, buna gore ailelerin %17’sine ulasilmistir.
Anket katilimcilarindan birinin beyanina gére Hevsel Bahgeleri’nin %60-70’lik bdliimiiniin milkiyeti
kendisine aittir. Bu durumda, anket uygulanan katilimcilarin %40’1nin yer sahibi, %40’ kiraci ve
%20’sinin ise hem tarla sahibi hem de kiraci olmasina dikkat edilmistir. Hevsel Bahgeleri tarim
arazilerinin karma miilkiyet yapisi, zorlu arazi kosullari, 2022 yil1 Diyarbakir iklim kosullar1 nedeni ile
tarimsal {iretim zamaninin aksamis olmasi, ciftcilerin UNESCO oOncesi yapilan saha g¢aligmalar
sonrasi karsilanmayan desteklerden kaynakli anket ¢alismasini anlamli bulmamalari, giivenlik tedbiri
gibi gerekgelerle anket yapmak istememelerine bagli olarak bahgelerde calisan kisi sayisina ulagim
zorlagmistir. Elde edilen anket sonuglar1 Microsoft Excel 2010 programinda degerlendirilerek oneriler
geligtirilmistir.

Bulgular ve Tartisma

Calismanin bu boliimiinde 6nce Diyarbakir’in kentsel gelisimi iginde Hevsel Bahgeleri’nin
konumu ele almmus, Hevsel Bahgeleri’nin dogal dzellikleri irdelenerek, yapilan anket sonuglari sosyo-
ekonomik ve ¢evresel yap1 analizleri basliklar altinda degerlendirilmistir.

Diyarbakir’in Kentsel Gelisimi i¢inde Hevsel Bahcelerinin Konumu

Guneydogu Anadolu Bolgesi’nin 6nemli kentlerinden biri olan Diyarbakir, tarihsel siiregte
verimli topraklari ve konumu geredi birgok uygarlifa ev sahipligi yapmustir. Ik yerlesim yeri
Surigi’ndeki ickale olan kentin topografik konumu korunmasini saglamistir. Kentin &nemli ticari
yollarin iizerinde olmasi, besin kaynaginin bol oldugu ve binlerce yildir canli ekonomik bir yagsamin
stregeldigi “Bereketli Hilal” olarak adlandirilan boélgede yer almasi, bulundugu bazalt platonun
deprem acisindan giivenli olmasi ve Dicle Nehri’nin biraktigi aliivyal dolgunun (Hevsel) tarimsal
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verimliligi yerlesim yeri olarak se¢iminde etkili olmustur (Diinya Miras Listesi Adaylik Dosyasi,
2014).

Yapilan arastirmalara gére Hevsel’e ilk kez MO.9. vyiizyilda Asur Imparatorlugu
Donemi’ndeki bir kitabede rastlanmaktadir. Hevsel Bahgeleri, Osmanli Donemi’nde sebze ve meyve
iiretiminin yapildigi, arazilerin ¢evresinin dutluklar ile gevrildigi ve ipek¢iligin yapildig: bir alan iken,
ipekeiligi yapan ¢ogu gayri-miislim niifusun kentten go¢mesi ile ipekcilik azalmis ve Cumhuriyetle
birlikte dutluklar yerini cogunlukla sebze ve meyve iiretimine birakmistir (Abakay, 2011).

Kirsaldan niifusun 1950’lilerde kentlere go¢ etmesiyle diizensiz ve sagliksiz yapilagsma
Diyarbakir’da da goriilmeye baslamistir. Kentin biitiin sebze-meyve ihtiyacinin 1960’11 yillara kadar
Hevsel Bahgeleri’'nden kargilandigi bilinmektedir. Kirsaldan gelen niifusun 1952-1965 yillar1 arasinda
Yenisehir ve Baglar’a yerlesmesi ile kuzeye dogru hizli bir biiyiime ger¢eklesmis (Dagli ve Cagliyan,
2021), Hevsel Bahgeleri kentin bu yondeki gelisme aksinda yer almadigindan olumsuz
etkilenmemistir.

Ozcanli (2018)’e gore 1990’11 yillara kadar Hevsel Bahgeleri’nin kuzeybatisinda yer alan Ben
0 Sen ve Sehitlik Mahallesi bircok su kaynagi ve verimli tarim arazilerinin oldugu bir alandir.
Buradaki su kaynaklar1 ile bahgelerin sulandig1 ve bunlarin yaninda sebze tariminin yapildigi mahalle
sakinleri tarafindan anlatilmaktadir. Bu dénemde Hevsel Bahgeleri, tarihi Surigi kentinin hemen
ceperinde konumlanmasi ve tarim alanlarin1 barindirmasi nedeniyle kirsaldan gogle gelenlerin tercih
ettigi yakin ¢evre i¢inde yer almistir.

Hevsel Bahgeleri, 2006 yilinda hazirlanan 1/25.000 6lgekli Diyarbakir Nazim Iimar Plani’nda
“Tarmmsal Niteligi Korunacak Alan” olarak belirlenmistir. Plana gére Hevsel Bahgeleri’nin ¢evresinde
rekreasyon alani, mezarlik alanlar1 ve kentsel aktif yesil alanlar bulunmaktadir. Bu plandaki koruma
Olciitlerinin yan1 sira Hevsel Bahgeleri, 2005 yilinda yiiriirliige giren 5403 sayili Toprak Koruma ve
Arazi Kullanimi Kanunu ile korunmaktadir. Bu yasa ile Hevsel Bahgeleri’nin tarim dis1 amagla
kullanilmasi ve imara agilmasi engellenmistir. Cesitli plan revizelerinin ardindan 2022 yilinda
onaylanan “Adiyaman-Sanliurfa-Diyarbakir 1/100.000 Olgekli Revizyon Cevre Diizeni Plam
Degisikligi”ne gore Hevsel Bahgeleri “Tarimsal Niteligi Korunacak Alanlar” ve Dicle Vadisi’nin
Miras Alani sinirlari iginde kalan boliimii “Biiyiik Kentsel Yesil Alanlar” olarak belirlenmistir (Sekil
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Sekil 2. Adiyaman - Sanlurfa - Diyarbakir Planlama Bolgesi 1/100.000 6l¢ekli Cevre Diizeni Plan1 (Cevre,

Sehircilik ve Tklim Degisikligi Bakanlig1, 2022)
Figure 2. Adiyaman - Sanlwurfa - Diyarbakir Planning Region 1/100.000 scale Environmental Plan
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Kentin miras alam1 ¢evresinde mekansal yayilimi 1960’larda baglamistir. Sur duvarlarinin
¢eperinde yer alan mahalleler 1960-1985 yillar1 arasinda, Hevsel Bahgeleri’nin ¢eperinde yer alan
mahalleler ise 1985-2005 yillar1 arasinda yayilim gostermistir.

Hevsel Bahgelerinin Dogal Ozellikleri

Hevsel Bahgeleri 591-625 m kotlarinda yer almaktadir (Karadogan ve Kuzucuoglu, 2017).
Nehrin olusturdugu topografik yap1 dolayisiyla Dicle Vadisi’ne inen yamaclarda egim birden artmakta
ve % 30-40 arasina kadar ulagmaktadir. Hevsel Bahgeleri, Dicle Nehri’nin hemen yamacinda yer alan
diizliik ve teraslanmis tarim arazileridir. Bu nedenle farkli egim yiizdeliklerine sahip bir alandir.
Bostanlarin sur duvarlarma yakin bolimiinde egim % 20-30 arasinda iken nehre dogru egim
azalmaktadr.

Hevsel Bahgeleri toplamda 28 ada ve 237 parselden olugmaktadir. Sahislara ait tarim yapilan
kimi arazilerde miras yoluyla paylastirma oldugundan kiigiik parselli tarim arazileri bulunmaktadir.
Hevsel Bahgeleri’'nden 1960’1 yillara kadar kentin biitiin sebze-meyve ihtiyacinin karsilandigi
bilinmektedir. Hevsel Bahgeleri’nin yakin gevresinde park alanlari, mezarlik, rekreasyon alanlari ve
nehir bulunmaktadir (Sekil 3). Hevsel Bahgeleri’nde tarla, sulu bahge, bahge, sebze bahgesi, dut
bahgesi, bos araziler ve icerisinde degirmen olan araziler bulunmaktadir (Sekil 4).
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Sulu Bahge
Bahge
I sebze Bahgesi
I Out Bahcesi
Bos arazi
I <argir suka degirmeni

' Heysel Bahgeleri
Cahgma Alam

— Calisma Alam St

TARIMSALNITELIGEH
KORUNACAK ALAN

Sekil 3.Hevsel Bahgeleri ve yakin ¢evresi arazi Sekil 4. Hevsel Bahgeleri’nin tarimsal arazi kullanimi
kullanim1 (Sur Belediyesi, 2022) (Sur Belediyesi, 2022)

Figure 3. Land use of Hevsel Gardens and its Figure 4. Agricultural land use of Hevsel Gardens
surroundings

“Tarim Dis1 Yetkilendirme ve Toprak Etiit Portali” verilerine gére Hevsel Bahgeleri’nin
bliyiik cogunlugunu mutlak tarim arazileri olusturmaktadir. Bununla beraber nehre yakin alanda
bulunan ve Hevsel Bahgeleri sinirlari iginde yer alan agaglik ve ¢alilik alanlar orman arazisi olarak
siiflandirilmigtir (Sekil 5).
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Sekil 5. Hevsel Bahgeleri ve yakin cevresi arazi siniflart (Tarim Arazileri Degerlendirme ve Yonetim
Otomasyonu, 2022)
Figure 5. Land classes of Hevsel Gardens and its surrounding

2015 yilinda UNESCO miras listesine dahil edilen Hevsel Bahgeleri giinimiizde kentsel tarim
faaliyetlerinin siirdiiriildiigii nadir yerlerden biridir. Onemli bir peyzaj alani olan Hevsel Bahgeleri’nde
¢ lretimi devam etmektedir (Sekil 6).

: LA e AR B AR ¥ B0
Sekil 6. Hevsel Bahgeleri’nde meyve-sebze alanlari ve kavaklik alanlar
Figure 6. Fruit and vegetable fields and poplar areas in Hevsel Gardens

Ayn1 zamanda Hevsel Bahgelerinin tarihi surlar ve On Gozli Koprii ile sinirinin bulunmasi,
Dicle Nehri’ne kiyisinin olmasi yerli ve yabanci turistlerin rotasinda yer almasini saglamstir (Sekil 7).
Tarim arazilerinin sundugu dogal peyzaj ise alanin ¢evresinde turizm amaclh gelisen kafe-restoranlarin
artisina sebep olmustur.
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Sekil 7. Diyarbakir Surlart ve Hevsel Bahgeleri (Open Edition Books, 2022)

Figure 7. Diyarbakir Walls and ve Hevsel Gardens

Kentin, kaleleri ve Hevsel Bahgeleri ile UNESCO miras listesinde yer almasi turizm agisindan
tammnirligini arttirmus, turizm amagh projeler gelistirilmistir. Bu kapsamda peyzaj diizenlemeleri
yapilmaya devam etmektedir.

- Sosyo- Ekonomik Yap1 Analizi

Hevsel Bahgeleri’nin kentsel tarim alani olarak degerlendirilmesi amaciyla yapilan anket
calismasina katilan giftgilerin %20’si ile 35-44 yas araligi, %20’si 45-54 yas aralig1 (Sekil 8), % ise
erkek bireyler olusturmaktadir. Anket katilimcilarinin %6°’s1 lise veya dengi okullardan mezun, %40°1
55-64 yas aralig1, %20’si ise 65 yas ve lizeridir. Ankete katilanlarin %40’ m1 kadin, %60°1n1 ise erkek
bireyler olusturmaktadir. Anket katilimcilarinin %6’s1 lise veya dengi okullardan mezun, %27’si okur-
yazar degil, %67’si ise ilkokul mezunudur (Sekil 9).

m18-24
m45-54

Yas
m25-34
W 55-64

0% 0%

m35-44

W 65 ve lzeri

Egitim durumu

H Lise veya Dengi Okul m Okur-Yazar Degil

m ilkokul

Sekil 8. Ankete katilanlarin yasa gére dagilimi

Figure 8. Distribution of survey participants by age
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Sekil 9. Ankete katilanlarin egitim durumuna gére dagilimi
Figure 9. Distribution of survey participants by educational level
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Katilimeilarin %53’ Hatun Kastal Mahallesi, %131 Suri¢i, %131 Baglar ilgesi, %7’si ise
Kayapinar ilgesi sinirlart iginde bulunan 75 Cadde’de (Tekel Caddesi) ve diger %7’si Ben G Sen
Mahallesinde yasamaktadir (Sekil 10). Hatun Kastal Mahallesi’nin tercih edilmesinin en 6nemli
nedeni; koyden gelen ve tarimla gegimini saglayan c¢iftcilerin Hevsel Bahgeleri’nde tarim yapip
kentteki ekonomik ihtiyaglarini karsilamaktir.

[ Hevsel Babgetens
Hatun Kastal Mahallesi
[ srici Mahaiiesi
[ 5enusen Mahatiess
[ sostartigesi
[ rscasee

ikamet Yeri
75 Cadde

7%

Kantar
7%

Sekil 10. Hevsel Bahgeleri’nde ¢alisan ¢iftcilerin ikamet yerleri
Figure 10. Residence of farmers working in Hevsel Gardens

Hevsel Bahgeleri’nde c¢alisan ailelerin %47’°si kendi evi, %40’1 Hevsel Bahgeleri’'ne yakin
oldugu i¢in tercih etmis, %13’ii ise diger olarak yanit vermistir. Yasadiklar1 mahalleye %73l go¢
nedeniyle gelmistir. Gog ile gelen ailelerin %73l geri donmeyi disiinmemekte, %27’si ise geri
donmek istemektedir.

Katilimeilarin %6°s1 1-5 yil, %7’si 10-15 y1l, %87’si ise 20 yildan fazla siiredir Hevsel
Bahgeleri’nde ¢alismaktadir (Sekil 11). Katilimcilarin %134 hobi ve %87’si ekonomik kaygilar
nedeniyle tarimla ugragmaktadir. Katilimcilarin %330 tarim disinda baska bir meslek ile ugrasmakta,
%67’si ise bagka bir iste caligmamaktadir. Bagka bir iste calisanlar “kafe isletmeciligi, bakkal, ticaret,
ceyizlik esya satis1” gibi iglerle ugrastiklarini belirtmistir.
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Hevsel'de Calisma Siiresi

m1-5YIl ®m10-15Yil m 20 Yil ve Uzeri

Sekil 11.Ciftgilerin Hevsel Bahgelerinde ¢aligsma siiresi
Figure 11. Working years of farmers in Hevsel Gardens

Hevsel Bahgeleri’nde Diyarbakir Biiyiiksehir Belediyesi, Vakiflar ile sahislara ait miilkiyetler
bulunmaktadir. Hevsel Bahgeleri’ni kullanan katilimcilarin %40°1 yer sahibi, %40°1 kirac1 ve %20’si
ise hem tarla sahibi hem de kiracidir. Hem tarla sahibi hem kirac1 (karma miilkiyet) olan ¢iftciler kendi
arazileri yeterli gelmediginden liretim yaptiklar1 tarim arazilerinin bir bdliimiinii sahis, kurum veya
vakiflardan kiralamiglardir. Kiraci ve karma miilkiyeti olan ¢iftcilerin %78’i sahislardan, %22’si ise
vakiflardan kiralamistir. Kiralanan tarlanin yillik kirasinin 5.000 TL iizeri oldugu belirtilmistir.

Katilimcilarin %20’si 5 dontim alt1, %27’si 5-10 doniim, %13’d 10-15 doniim, %134 15-20
doniim ve %27’si ise 20 doniim ve tizeri biiytikligiindeki tarim arazilerinde ¢aligmaktadir (Sekil 12).
Katilimcilar, galigtiklar1 tarim arazisinin biiylikliiglinlin yeterli olup olmadigi sorusuna %27’si idare
eder, %33’1 hayir, %40°1 ise evet yanitini vermistir.

W5 Diniim alt

W 5-10 Doniim

110-15 Déniim
15-20 Doniim

W20 Doniim ve iizeri

Sekil 12. Ciftgilerin ¢aligtiklar1 arazi biiytikligi
Figure 12. The size of the land on which the farmers work

Katilimeilarin %7°si 1.000 TL-2.000 TL, %13’ 2.000 TL-3.000 TL, %401 3.000 TL-4.000
TL, %20’si 4.000 TL-5.000 TL, %20’si 5.000 TL iizeride aylik gelire sahiptirler (Sekil 13). Hevsel
Bahgeleri’nden aylik geliriniz ne kadardir? sorusuna katilimeilarin %6°s1 1.000 TL alt1, %27’si 1.000
TL-2.000 TL, %20’si 2.000 TL-3.000 TL, %27’si 3.000 TL-4.000 TL, %20’si 5.000 TL iizeri olarak
yanit vermis ve 4.000 TL-5.000 TL aras1 olarak cevap veren olmamustir (Sekil 14).
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Sekil 13. Ciftcilerin aylik geliri Sekil 14. Ciftcilerin Hevsel Bahgeleri’nden aylik geliri
Figure 13. Farmers' monthly income Figure 14. Farmers' monthly income from Hevsel
Gardens

Katilimcilarin %6’siin 1.000 TL alt1, %27 sinin 1.000 TL-2.000 TL, %20’sinin 2.000 TL-
3.000 TL, %27’sinin 3.000 TL-4.000 TL, %20’sinin 5.000 TL {izeri tarim amacglh aylik masraflari
olmaktadir. Katilimeilarin %6°s1 tarimdan elde edilen gelirin ailenin tiim ihtiyaclarm karsiladigini,
%67’si kargilamadigini belirtmis, %27’si idare eder seklinde cevap vermislerdir. Bununla beraber yiiz
ylize yapilan anket sirasinda tarimdan kazancinin olmadigi, giinlitk masraflar1 ancak ¢ikardigl ve gida
ihtiyaclarin1 da tarimdan elde ettikleri sebze ve meyveler ile karsiladiklarini, herhangi bir birikim
yapamadiklarini dile getiren giftciler olmustur.

Hevsel Bahgeleri’nde katilimcilarin %134 musir, %13’ kavak, %13’0 hem sebze hem
meyve, %14°l meyve, %47si ise sebze yetistirmektedir. Hevsel Bahgeleri’nde sebze olarak domates,
patlican, salatalik, kabak, biber, turp, marul, roka, nane, dereotu, tereotu, yarpuz, yesil sogan, reyhan,
fasulye, 1spanak, pirasa gibi sebzeler yetismekte, meyve olarak ise; erik, ceviz, seftali, liziim, dut,
kayisi, ayva, ¢ilek, karpuz, kavun iiretilmektedir. Endiistriyel iiriin olarak ise musir, pamuk ve kavak
yetistirilmektedir.

Hevsel Bahgeleri’nden elde edilen sebze, meyve ve endiistriyel triinler kentin besin ve
ekonomik ihtiyacin1 karsilamaya devam etmektedir. Bu driinler kentin yerel pazarlarinda
satilmaktadir. Katilimeilarin %87’si iiretilen tarim iiriinlerini satmakta, %13’ satmamaktadir. Uretilen
iiriinleri katilimeilari %8’1 Yeni Hal’de, %23’ tarlada, %69’u ise Mardin Kap1 Mezarlig1 giriginde
kurduklar1 Persembe Pazari’nda satmaktadir. Ciftcilerden edilen bilgilere gére Hevsel Bahgeleri’nde
sebze-meyve iiretimini biiyiik arazilerde yapan giftiler tiriinleri Baglar ilgesinde bulunan Yeni Hal
sebze ve meyve pazarina gotiirmektedirler. Daha az {iretim yapan ¢iftgiler ise Surigi bolgesinde satisa
sunmaktadirlar. Bu satis noktalar: tarihi ve turistik cadde olarak bilinen Gazi Caddesi tizerinde,
Asefciler Pazari olarak bilinen Sipahiler Carsisi’nin i¢inde daimi olarak veya garsi girisinde seyyar
olarak, miizeler bolgesi olarak bilinen i¢ Kale peyzaj alaninda seyyar arabalar ile satis yapmaktadirlar
(Sekil 15). Katilimcilarin %87°si pazar ihtiyaci oldugunu, %13’1 ise ihtiyag olmadigini belirtmiglerdir.
Pazar sizce nerede kurulmali? sorusuna katilimeilarin %7’si diger, %13’0 Mardin Kap1 Mezarligi
girisinde, %20’si Surigi’nde, %60’1 ise Hevsel Bahgeleri’ne yakin olarak yanitlamiglardir. Diger
sorusuna cevaben ‘yeni yapilan mahallelere yakin’ cevabi verilmistir.
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B Asefgiler Gargist

Diyarbakir Gazi Cad.

9 Satig Noktalan

Sekil 15. Surigi Bélgesi tarimsal iiretim pazarlama noktalar1 (1) Gazi Caddesi (2) i¢ kale bolgesi (3)Asefciler
Carsisi (4) Mardin Kap1 Mezarligi (Google Earth, 2022)
Figure 15. Suri¢i Region agricultural production marketing points

Anket sonuglarina gére Hevsel Bahgeleri’nde ¢alisanlar genelde diisiik gelir sahibi ve gogle
gelenlerden olusmaktadir. Yasam alani olarak ¢ogunlukla Hevsel Bahgeleri’ne yakin yerlerde
oturmay tercih etmislerdir. Elde ettikleri gelir tarimdaki masraflarim1 ve ev ihtiyaglarini karsilamada
yetersiz kalmaktadir. Yetistirilen iiriinler kentin belli yerlerinde pazralanmakla beraber diizenli pazar
ihtiyaclar1 bulunmaktadir. Hevsel Bahgeleri’nde iiretilen tarimsal iriinlerin satisinda Onemli bir
pazarlama alant olan Suri¢i bolgesi, burada yasayan niifusun ucuz gidaya erisiminde biiyiik rol
oynamaktadir. Hevsel Bahgeleri’nin kentsel tarim alani olarak kullanimi sosyo-ekonomik agidan
onemli olmakla birlikte, iiretici agisindan ¢esitli problemlerin oldugu goriilmektedir.

- Cevresel Yap1 analizi

Cevresel yapi analizi; anket sonuglari, ¢iftgi gorisleri, sahadan elde edilen fotograflar ve hava
fotograflar1 ile yapilmustir. Ureticilere sulama sistemi, tarimsal ila¢ kullanimi, tarimsal verim,
UNESCO miras alan1 olmasindan kaynakli ¢evredeki diizenlemelerin etkileri ile ¢evresel sorunlar
sorulmustur.

Tarim alanlarimi sulama i¢in katilimeilarm %19°u Anzele, %81°1 ise hem atik su hem de
Anzele’yi kullanmaktadirlar. Hevsel Bahgeleri Diyarbakir’in aritilmamis kentsel atik sulari ile
sulanmakta ve aritma islemi yapilmadan Dicle Nehri’ne akmaktadir. Bu nedenle hem toprakta hem de
nehirde ciddi oranda kirlilige neden olmaktadir (Ceylan, 1999). Dicle Nehri’den sulama, ¢evresindeki
sulu tarim alanlarinin oldugu pamuk ve kavaklik alanlarda, Anzele ve kentsel atik su ise sebze-meyve
iretiminin yapildig1 alanlarda yapilmaktadir. Alanda sulama, geleneksel yontemlerden olan salma
sulama ile yapildigindan, mevcut su kaynaklari alanin tamamini sulamakta yetersiz kalmaktadir.
Ayrica, geleneksel sulama tekniklerinin kullanilmasi suyun verimli kullanilmasini engelledigi gibi
asir1 sulamaya bagli verimli topragin yitimi sorunuyla da karsilasilmaktadir (Diinya Miras Listesi
Adaylik Dosyasi, 2014).

Biitiin katilimcilar gegmis yillara gére tarimda diisiis yasandigini ifade etmekte ve Hevsel
Bahgeleri'nde tarim sektoriini  gelistirmek adina karsilastiklar1i  sorunlart  asagidaki  gibi
belirtmektedirler:

—  Sulama sistemi uygun degil

— Yollar bozuk ve iirlin tasimakta sorunlar yasiyoruz
— Pazar ihtiyacimiz var

— Isiklandirma yetersiz

— Tarim destegi yetersiz.

Katilimcilar Hevsel Bahgeleri’nde toprak kirliligi, su kirliligi, ¢evredeki ¢6p, molozlardan
olusan kirlilik, isletmeler ve yapilasma gibi sorunlarla karsilastiklarini belirtmistir. Hevsel
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Bahgeleri’nde yapilan alan ¢aligmalart sirasinda alanin ciddi bir sekilde kirlilik tehdidi altinda oldugu
gbzlemlenmistir. Insaat atiklari, plastik atiklar gibi ekosisteme zarar verecek c¢opler siirekli olarak
alana birakilmaktadir. Ayrica, katilimcilarin tamami tarimda ilag¢ kullandigini belirtmistir. Bu durum
toprak ve su kirligini beraberinde getirmektedir.

Hevsel Bahgeleri’nde tarim arazileri zamanla kii¢lik parselli bostanlardan daha biiyiik parselli
misir alanlarina donlismiistiir. Misir iiretimi i¢in ihtiyag duyulan arazilerin olusturulmasi amaciyla
kiiciik parselli bostanlarin sinirlarinda yer alan meyve agaclar1 kesilerek araziler biiytitilmiistiir.
Hevsel Bahgeleri’nin sebze-meyve agirlikli iiriin deseni bozulmustur. Meyve agaglarinin sokiimii igin
alanda agir is makinelerinin kullanilmasi alanin ekolojisine zararlar vermektedir.

Katilimcilarin - %87°si  Hevsel Bahgeleri ¢evresindeki diizenlemelerin tarimi  olumsuz
etkiledigini belirtmis, %13’iinii ise “bilmiyorum” yanitin1 vermistir. Hevsel Bahgeleri etrafinda gelisen
rekreasyon amagl kafe, restoran, millet bahgesi gibi diizenlemeler ile insan baskisi altindadir.
Isletmeler ve rekreatif amagl insa edilen parklar bahgelerin ve nehrin cevresine konuslanmis, kiy1
kullanimindan kaynakli nehirde ¢opler tespit edilmistir (Sekil 16).

Sekil 16. Hevsel Bahgeleri ¢evresinde Millet Bahgesi’nin insasi (solda) ve Dicle Nehir kiyr bandini isgal eden
isletmeler (sagda)

Figure 16. The construction of the Nation's Garden around Hevsel Gardens (left) and businesses occupying the
Tigris River shoreline (right)

Katilimcilara, UNESCO siirecinin nasil algilandigina iligkin sorular yoneltilmistir. Hevsel
Bahgeleri’nde c¢alisan ciftgilerin %27’si UNESCO’yu daha once duymamis, %73l ise duymustur.
Katilimcilarin %73’ UNESCO’nun Hevsel Bahgeleri’ne olumsuz katkisi oldugunu, %27’si ise
bilmedigini belirtmistir. Bu anlamda, tarla sahipleri Hevsel Bahgeleri’nin UNESCO listesine
almmasiyla kendi bahgelerinde &zgiirce tiretim yapamadiklarini belirtmektedir. UNESCO’dan
beklentileriniz var midir? sorusuna katilimcilarin %13’# bilmiyorum, %20’si hayir ve %67’si ise evet
yanitin1 vermislerdir. UNESCO’dan beklentiler asagidaki sekilde ifade edilmistir:

— Babhgelerin tarim alani olarak devamliliginin saglanmasi i¢in tarim destegi,
— Babhgelere giden yollarin onarilmasi,
— Babhgelerde ihtiya¢ duyulan elektrik ve su ihtiyacinin karsilanmasi

yanitlar verilmistir.

Sahada yapilan incelemeler ve fotograflar dogrultusunda alanda ciddi ¢evresel problemlerin
oldugu sonucu ¢ikmistir. Alanin yapilagsma baskisi altinda oldugu, bahgelerin {iriin deseninin degistigi,
koruma altinda olan bostan ve nehrin denetleme mekanizmalariin olmadig tespit edilmistir. Tarimsal
faaliyetlerin saglikli isletilmesi i¢in gerekli organizasyonun olmadigi, pazar sikintisinin oldugu da
mezarlik girisi ve Surigi bolgesindeki daginik pazarlama faaliyetlerinden anlagilmaktadir.

Ozetle, Hevsel Bahgeleri’nde sulama, ulasim, pazarlama, aydinlatma, tarimsal destek
acisindan sikintilar bulunmakta, toprak ve su Kirliligi gibi ¢evre sorunlari yasanmakta, ¢evredeki
turizm ve ticaret odakli diizenlemelerden kaynakli baski olugsmakta ve UNESCO konusunda ¢ekinceler
bulunmaktadir.
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Sonuc ve Oneriler
Hevsel Bahgeleri kent i¢inde yer alan tarihi bir kiiltiirel peyzaj alan1 olmakla beraber kentin alt

gelirli niifusunun ucuz gidaya ulasimini saglayan 6nemli bir tarim alanidir. Uzun yillardir kullanilan
bu tarihi alan kente go¢ eden niifusun tarlalari ekip bigmesi ile tarimsal alan olarak iglevini glinlimiizde
de stirdiirmektedir. Hevsel Bahgeleri’nin kentsel tarim alani olarak devamliliginin saglanmasi ve
tarimsal {retimi arttirmak amaciyla cevresel ve sosyo-ekonomik boyutlarmin iyilestirilmesi
gerekmektedir. Hevsel Bahgeleri’'ndeki ¢evresel ve sosyo-ekonomik sorunlar ve dneriler agagidaki gibi
siralanmustir (Cizelge 1):

Cizelge 1. Hevsel Bahgeleri’ndeki gevresel ve sosyo-ekonomik sorunlar ve 6neriler
Table 1. Environmental and socio-economic problems and suggestions in Hevsel Gardens

Sorunlar

Oneriler

Cevresel Sorunlar

Hevsel Bahgeleri’'nde sulama iglemi kentin

Hevsel Bahgeleri’nde tarimsal

_ atik sular1 ve yagis miktarina bagl olarak | alanin verimliligi ve
% zaman zaman azalan Anzele kaynak suyu | devamlilig icin sulama
@ ile yapilmaktadir. Diyarbakir ikliminin | sistemine yonelik  projeler
2 kurak olmasi ve suyun yetersiz olmasi | gelistirilip sulama sorununa
e ) . .
= bahgelerin kentin aritilmamis atik sulari ile | ¢coziim bulunmali, kentsel atik
c—; sulanmasina neden olmustur. su aritilmali veya kullanimi
o yasaklanmalidir.
Bahgelerde kullanillan atik su ve zirai | Hevsel Bahgeleri’ndeki
S ilaclar toprak ve su kirliligine neden | topragin ve nehir suyunun
= olmaktadir. Atik su ile yapilan sulama | kirlenmesine neden olabilecek
E neticesinde zararli organizmalarin {lirlinlere | etkenler ortadan
= bulasarak insan sagligini tehdit etmesi | kaldirilmalidir. Toprak koruma
z olasidir. projeleri hazirlanmali, alanin
; toprak kalitesi diizenli olarak
s kontrol edilmelidir. Bununla
& beraber attk su kullanimi
= yasaklanmali ve kullananlar ile
ilgili denetimler yapilmalidir.
Dicle Nehri’nin ¢evresinde gelisen sosyal | Alanin  ¢evresinde  gelisen
tesisler; cay bahgeleri, rekreasyon alanlari, | yapilasma ve tesislerin Oniine
parklar, millet bahgesi ve bunlara bagli | ge¢ilmeli, kent ekolojisinin
olarak ortaya cikan ¢Op ve molozlar hem | devamlili§i  saglanmali  ve
g nehri hem topragi kirletmekte, alanin | kentin dogal peyzaj1 korunarak
& ekosistemini ve Hevsel Bahgeleri’ndeki | yesil alanin siirdiiriilebilirligi
= tarimi olumsuz etkilemektedir. saglanmalidir. Rekreasyon
; amacli yapilan parklar,
bahgeler, kafe-restoranlar
koruma-kullanma faktorii goz
onilinde bulundurularak
yapilmalidir.
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Yollar ve
Isiklandirma

Hevsel Bahgeleri’'nde tarim yapan aileler
drettikleri  Uriinleri  satis  noktasina
gotiirmek icin ihtiya¢ duyulan yollarin
bakimmin yapilmadigini, c¢amur olan
bahg¢e yollarinda araglarin zorlandigini,
isiklandirmanin  yetersiz olmasma bagl
olarak giivenlik sorunu ile karsilastiklarini
belirtmislerdir.

Alandaki  sorunlu  yollarin
bakimi yapilmali, bahgelerdeki
iretime ve alanin ekolojik
yapisina  zarar  vermeyen
ulagim ag1 projesi
gelistirilmelidir. Alanin
giivenli kullanimi i¢in ihtiyag
duyulan 1siklandirma
yapilmalidir.

Pazar Ihtiyaci

Bahgelerde iiretilen tarimsal triinlerin
satis1  i¢in alanin  ¢evresinde yerel
yonetimlerin belirlemis oldugu bir pazar
alaninin olmayis1 ¢ifteiler i¢in sorun
olmakta, ciftcilerin  tarihi ~ Surigi
Bolgesi’nde daginik bir sekilde pazarlama
yapmalarina sebep olmaktadir.

Meyve-sebze Tliretimi yapan
ireticiler i¢cin Hevsel’e yakin
konumda bulunan ve ¢ift¢ilerin
pazar alami olarak kullandigi
Mardin Kap1 Mezarligi
cevresinde veya Surici
Bolgesi'nde pazar alani tesis
edilmelidir.

Tarimmsal Destek

Alanda c¢alisan ¢iftcilerin - bir  kismi
ekonomik geliri diisiik aileler oldugundan
iretim i¢in ihtiyag¢ duyulan masraflar
cikaramamakta ve alanda yeterince liretimi
yapilamamaktadir. FElde edilen gelir
ailelerin  sadece giinliikk ihtiyaclarim
karsilamaktadir.

Uretim igin ihtiyag duyulan
zirai ilaglar, elektrik, ulasim,
dagitim ve pazarlama
masraflart ile ilgili c¢iftgilere
destek sunulmalidir. Alanin
korunmasi ve siirdiiriilebilirligi
acisindan tarimsal faaliyetleri
destekleyici egitim ve maddi
destekler saglanarak fireticCi
tesvik edilmelidir.

Sosyo-Ekonomik Sorunlar

Miilkiyet Durumu

Hevsel Bahgeleri’nin pargali
durumu arazilerin tarim
kullanilmasindaki denetimi
zorlastirmaktadir. Tarim arazilerini
vakiflardan ve kurumlardan kiralayan
ciftciler ~kontrolsiiz tarim  yapmakta,
arazilerin ¢evrelerindeki meyve agaclarin
keserek arazileri birlestirmekte veya
arazilere konut yapmaktadirlar.

miilkiyet
amach

Alanin  miilkiyet  yapisina
yonelik ¢aligmalar yapilmali ve
arazilerin kontrolsiiz
kullaniminin oniine
gecilmelidir. Tarimsal liretimin
daha verimli olmasi1 ve alanin
korunmasi  i¢in  kiralanan
arazilerin uzun stireli kullanimi
saglanmalidir.

Gog

Kente go¢ ile gelip ekonomik anlamda
giiclik c¢ekenler Hevsel Bahgeleri’nde
tarim yapmay1 bir firsat olarak goérmekte
ve bahgelerin etrafina kagak yapilar insa
ederek yerlesmektedirler.

Alana gog ile gelip bahgelerin
cevresine  yerlesen  niifus
kontrol altina alimmali, plansiz
yapilasmanin onlenmesine
yonelik tedbirler alinmalidir.
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Diyarbakir Surlar1 ve Hevsel Bahgeleri’nin | Turizm amach alanin
UNESCO listesinde yer alan tarihi kiiltiirel | cevresinde gelisen yapilasma
peyzaj alam1 olmasi turistlerin ilgisini | ve buna bagh kirliligin 6niine
cekmektedir. Tarimsal ekonominin | gecilmelidir. Alanin tanitimi
O yetersiz kaldigim1 dile getiren bahge | icin lreticiler ve alani ziyaret
8 sahipleri ~ veya  sahislar  tarafindan | eden turistler UNESCO miras
% bostanlarin etrafina ¢ay bahgeleri gibi | alan1 olan Hevsel Bahgeleri ile
D ticari amagli isletmelerin kurulmasina | ilgili bilin¢lendirilmelidir.
S neden olmaktadir. Alanin  tarthi ve  dogal
E Anket  katitlimcilarin =~ bir  kisminin | 6zellikleri  turizm ag¢isindan
g UNESCO’yu bilmedikleri, alanin tarihi | 6nemli  bir  degerdir ve
[ miras  degeri  oldugunun  farkinda | devamliligi  i¢cin  ekolojik
olmadiklar1 tespit edilmistir. Alanin tarihi | yapisina zarar vermeyecek
ve dogal yapisi ile ilgili bilgilendirici ve | kontrollii  bir gezi rotast
yonlendirici levha ve panolar | olusturulmalidir.
bulunmamaktadir.

Hevsel Bahgeleri’ndeki tarimsal faaliyetler | Alanin hem tarihi dogal yapisi
a5 ve iretim takip edilmemekte, alanin | hem de tarimsal iiretiminin
% cevresinde gelisen yapilasma ve kirlilik | devamliliginin saglanmasi i¢in
2 onlenmemektedir. alan ve cevresindeki
o gelismeler, tarimsal liretim ve
= pazarlama denetlenmeli ve

daha etkin hale getirilmelidir.

Kentsel tarim sagladig1 olanaklar, gida ve is giicii ile kentin sosyo-ekonomisine ve ekolojisine
katkida bulunan bir uygulamadir. Hevsel Bahgeleri’nin konumu, tarihi, dogal ve sosyo-ekonomik
yapisi, kent ile kurdugu iliski tarimsal varligini siirdiirmesi agisindan 6nemlidir. Bu nedenle alanin
tarimsal faaliyetlerinin siirdiiriilebilirligi i¢in tarimsal yonetiminin iyi yapilmasi gerekmektedir. Bu
kapsamda iiretim, pazarlama, turizm gibi faktorler bir biitiin olarak degerlendirilmeli ve yonetimsel
kararlar alinmalidir. Cift¢i sayilari, irettikleri iiriinler ve miktarlar kayit altina alinmali, iiretim daha
kontrollii bir yapiya kavusturulmali ve gida giivenligi saglanmalidir. Bununla beraber Hevsel
Bahgeleri’nin kentin gé¢ eden niifusuna 6nemli bir gegim kaynagi olmasi nedeni ile kent ekonomisine
katki saglamasi, issiz niifus i¢in istihdam alani olusturmasi, hem tarimda calisan ailelere hem de
topluma faydasi olmasi agisindan korunmasi 6nemlidir.

Hevsel Bahgeleri’nin dogal ve kiiltiirel peyzaj degerleri nedeniyle UNESCO listesinde yer
almasi ile diinya c¢apinda bilinirligi agisindan Onemli bir adim atilmistir. Dogru, kontrolli ve
siirdiiriilebilir turizm politikalarinin uygulanamamasi durumunda Hevsel Bahgeleri’ne yapilasma
baskisi olacagi ve gesitli sorunlarin artacagi diisiiniilmektedir. Turizm amaglh nehrin kent i¢ine dahil
edilmesi gibi projelerin gelistirilmesi alanin ekosistemine zarar verecek nitelikte olabilmektedir.
Dolayisiyla, Hevsel Bahgeleri ve nehir bir biitiin olarak degerlendirilmeli, havzanin korunmasi igin
ekolojik planlar hazirlanmalidir. Hevsel Bahgeleri’nin tarihi miras varligi oldugu ve korunmasi ile
ilgili yerel halk bilinglendirilmeli, turizm c¢aligmalarinda yerel halkin da aktif olarak katilimi
saglanmali, planlama ve tanitim faaliyetleri yapilarak yoredeki tiim paydaslarin bir arada ¢aligmasi ile
turizmin gelisimine katki sunulmalidir.

Hevsel Bahgeleri tarihi kent Surigi ve Dicle Nehri ile gliniimiize kadar varligin siirdiiren nadir
orneklerden biridir. Bu alanda devam eden tarim kentin bir parcasidir ve kentsel tarim alani olarak
degerlendirilmektedir. Tarimsal faaliyetler ve dogasi ile kentin 6nemli par¢asini olusturan, peyzaj
acisindan gorsel ve estetik manzara sunan bu alanlarda tarihi yapilar gibi tarimin da ortak bir deger
oldugu diisiincesi ile tarimsal miras bilinci giiglendirilmeli ve korunmalidir. Hevsel Bahgeleri ve
gevresi i¢in Onerilen projelerin bu dokuyu gelistiren ve koruyan nitelikte olmas1 gereklidir.

Tesekkiir
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Bu ¢alisma, 2022 yilinda Dicle Universitesi Fen Bilimleri Enstitiisii, Mimarlik Anabilim Dali’nda Yiiksek Lisans
Tezi olarak hazirlanmis ve bu kapsamda gelistirilerek makale haline getirilmistir.

Arastirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig olduklarini beyan eder.

Cikar Catismasi Beyam

Makale yazarlar1 aralarinda herhangi bir ¢ikar catismasi olmadigini beyan ederler.

Kaynaklar

Abakay, M. A., 2011. Tarihten bugiine Esfel Bahgeleri. Tiirkiye Yazarlar Birligi. https://www.tyb.org.tr/tarihten-
bugune-esfel-bahceleri-2839yy.htm. (Erigim tarihi: 12 Haziran 2022)

Bryld, E., 2003. Potentials, problems, and policy implications for urban agriculture in developing countries.
Agriculture and Human Values. 20(1):79-86.

Ceylan, A., 1999. Diyarbakir Hevsel Bahgeleri'ne kullanilan kentsel atik suyun saglik tizerine etkileri (Uzmanlik
Tezi). Dicle Universitesi, T1p Fakiiltesi, Halk Saglig1 Anabilim Dali, Diyarbakar.

Cevre, Sehircilik ve Iklim Degisikligi Bakanligi. 2022. Adiyaman - Sanlwrfa - Diyarbakir Planlama Bélgesi,
https://mpam.csb .gov.tr/adiyaman---sanliurfa---diyarbakir-planlama-bolgesi-i-82181 (Erisim tarihi: 10
Maysis, 2022)

Dagli, D., Cagliyan, A., 2021. Kentsel gelisim ve doniisiim siirecinin belirlenmesi: Diyarbakir 6rnegi.
International Journal of Geography and Geography Education (IGGE). 43:212-234.

Diinya Miras Listesi Adaylik Dosyasi. 2014. Diyarbakir Kalesi ve Hevsel Bahgeleri Kiiltiirel Peyzaji Alan
Yonetimi. Diyarbakir: Diyarbakir Biiyiiksehir Belediyesi.

Google Earth. 2022. Hevsel Bahgeleri. https://earth.google.com/web/. (Erisim tarihi: 30 Mayis, 2022)

Karaarslan, M., 2018. Diyarbakir Suri¢i blgesinin yeniden insas1 ve hukuksal boyutu, DUHFD. 23(39):335-373.

Karabag, H., 2020. ikinci Diinya Savasi sonrast Amerikan tarim politikalar1 ve az gelismis iilkeler tarimsal
ekonomisi iizerindeki etkileri (1945-2000). Uludag Universitesi Fen-Edebiyat Fakiiltesi Sosyal Bilimler
Dergisi. 22(40): 253-299.

Karadogan, S., Kuzucuoglu, C., 2017. Diyarbakir Hevsel Bahgeleri ve Dicle Nehri: Arazi degisimlerinin
jeomorfolojik kayitlari. Tiirkiye Jeoloji Biilteni. 60(1):63-76.

Keskin, N. E., Yildirim, C., 2019. Kiiba’da kentsel tarim uygulamalari: Havana &rnegi. Hukuk ve Iktisat
Aragtirmalar1 Dergisi. 11 (2):149-162.

Mazoyer, M., Roudart, L,. 2016. Diinya tarim tarihi neolitik cagdan giiniimiizdeki krize. Sule Unsald1 (gev.),
Ankara: Epos Yaynlar1.

Mougeot, L.J., 2000. Urban agriculture: Definition, presence and potentials and risks. Thematic Paper. 1:1-42.

Open Edition Books. (2022). Diyarbakir Kalesi ve Hevsel Bahgeleri Kiiltiirel Peyzaji Yonetim Plani.
https://books.openedition.org/ifeagd/1248. (Erisim tarihi: 12 Haziran 2022)

Ozcanli, M., 2018. Diyarbakir sehrinin alansal gelisimi ve tarim arazileri iizerindeki etkileri. The Journal of
Academic Social Sciences. (64):479-506.

Smit, J. Nasr, J., Ratta, A., 2001. Birlesmis Milletler Kalkinma Programm (United Nations Development
Programme) Urban Agriculture Food, Jobs and Sustainable Cities. Chapter 2: Urban Agriculture
Yesterday and Today.

Sur Belediyesi, 2022. Sur ilge Belediye Baskanligi, imar ve Sehircilik Miidiirliigii.

Tarim Arazileri Degerlendirme ve Yonetim Otomasyonu (TAD). 2022. Tarim Disi Yetkilendirme ve Toprak
Etiit Portal1. https://tad.tarim.gov.tr/odin/gis/browser. (Erisim tarihi: 12 Haziran, 2022)

UNDP, 1996. Birlesmis Milletler Kalkinma Programi (United Nations Development Programme). Urban
Agriculture: Food, Jobs and Sustainable Cities.

228



COMU Zir. Fak. Derg. (COMU . Agric. Fac.)
Yil: 11 (2): 229-238

ISSN: 2147-8384 / e-ISSN: 25646826

doi: 10.33202/comuagri.1356580

Reserach Article

Preharvest Applications of Alginate, Salicylic Acid and Oxalic Acid Have a
Synergistic Effect on Quality and Storability of Red Globe Grape Variety
(Vitis vinifera L.)

Erding Bal*” Demir Kok! Ali izzet Torguk? Gamze Uysal Seckin?

1Tekirdag Namik Kemal University, Faculty of Agriculture, Department of Horticulture, 59300, Tekirdag, Tiirkiye

2Growing Techniques Department, Tekirdag Viticulture Research Institute, Republic of Turkey Ministry of Agriculture and
Forestry,59300, Tekirdag, Tiirkiye

*Sorumlu yazar: ebal@nku.edu.tr

Received Date: 07.09.2023 Accepted Date: 19.12.2023

Abstract

This study aimed to evaluate the synergistic effect of preharvest spraying with alginate and in
combination with salicylic acid (SA) and oxalic acid (OA), on the quality parameters and storage life of ‘Red
Globe’ grape variety at 0-1°C with 85-90% relative humidity for 60 days. Data of physical and chemical quality
parameters were collected at 15-day intervals. The results have shown that alginate coatings delayed changes in
weight loss, firmness and berry color compared to control. Alginate coating enriched with oxalic acid and
salicylic acid proved to be the most effective applications in restricting stem browning and decay incidence in
grapes. Moreover, these formulations contributed to the high antioxidant potential of coated grapes by enriching
the phenolic compound content. These findings reveal that preharvest spraying of clusters with alginate
combined with SA and OA applications may have high potential for improving storage quality of commercial
grapes.
Keywords: Table grape, preharvest application, edible coating, quality.

Hasat“(")ncesi Uygulanan Alginat, Salisilik asit ve Okzalik Asit Uygulamalarmin Red
Globe Uziim Cesidinin (Vitis vinifera L.) Kalitesi ve Muhafazasi Uzerine Sinerjik Etkisi

Oz

Bu caligma, hasat oncesi donemde alginatin teksel ve, salisilik asit ve okzalik asit ile birlikte
uygulanmalarinin Red Globe {iziim ¢esidinin 0-1 °C ve % 85-90 oransal nemde 60 giin siire ile muhafaza
edilebilme siiresi ve kalite parametreleri lizerine olan sinerjik etkilerinin degerlendirilmesi amaciyla
gergeklestirilmigtir. Ceside ait fiziksel ve kimyasal kalite parametre verileri 15 giinliik araliklar ile 6lgilmistiir.
Aragtirma sonuglari kontrol ile karsilastirildiginda alginat ile kaplama isleminin {iziim g¢esidinde agirlik kaybi,
meyve sertligi ve tane kabuk rengi degisimlerinde gecikmelere neden oldugunu gdstermistir. Uziime
uygulanacak alginatin okzalik asit ve salisilik asit ile zenginlestirilerek kaplanmasinin, salkim iskeleti sararmasi
ve ¢lirime durumunu sinirlamada en etkili uygulama oldugu ortaya konmustur. Ayrica bu kombinasyonlar ile
kaplanmig iiziimlerde daha yiiksek antioksidan potansiyelinin olugmasina katki saglayan fenolik bilesiklerin
miktarinin artmasina neden olmustur. Bu bulgular, hasat 6ncesi donemde salkimlara salisilik asit ve okzalik asit
ile kombine edilmis alginat uygulamalarinin, ticari iiziimiin muhafaza kalitesini iyilestirmede yiiksek potansiyele
sahip olabilecegini ortaya koymaktadir.
Anahtar Kelimeler: Sofralik iiziim, hasat 6ncesi uygulama, yenilebilir kaplama, kalite

Introduction

Grapes are among the most widely produced fruits in the world, with approximately 73.5
million tons produced each year, and is one of the most diffused fruits. As of 2021, Turkey, one of the
major countries producing grapes, was ranked sixth in the world with a 4.2 million tons grape
production (Anonymus, 2021). The "Red Globe™ cultivar, a premium, seeded, red table grape that can
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be preserved in the cold for longer-term export and domestic market, is also widely grown throughout
Turkey.

Table grape quality is attracting more and more attention from producers and exporters, driven
by consumer demand and fruit market prices. Additionally, grapes have gained interest due to their
high levels of phenolic compounds, anthocyanin and other naturally occurring antioxidants as well as
certain nutritionally significant substances including sugars and minerals (Asgarian et al., 2021).
Nevertheless, shelf life of grapes is often shortened because of loss of firmness, berry drop, stem
discoloration, rachis dehydration and pathogen infection. Botrytis cinerea is also one of the most
devastating and economically important diseases in grape all over the world and SO fumigation is still
used for controlling postharvest decay (Ni et al., 2016). However, there is a need for alternative
applications to SO, due to problems with overexposure sulfide residues and its phytotoxic effects such
as bleaching and hairline cracking.

During growth and development, the fruit is more sensitive to external stimuli due to rapid cell
division and expansion. Fruits usually have a more active metabolism than stored fruit in cold room.
For this reason, it is thought that the effects of preharvest elicitor sprays on delaying senescence and
improving. resistance may have more favorable effects compared to postharvest spraying (Gong et al.,
2022).

Recently, many studies. have been conducted on the application of various types of edible
films and coatings, which are identified as a thin layer of biobased material covering the food surface
(Krochta et al., 2011). The coatings are based on polysaccharides, proteins. and lipids to extend the
postharvest life of various horticultural products. Among these materials, polysaccharide-based edible
coatings such as chitosan and alginate have been gaining popularity recently. They act as barriers
against atmospheric gases, water vapor and microbes, helping to reduce respiration and oxidation
reaction rates (Singh and Packirisamy, 2022).

Postharvest coatings are often not advised for table grapes with a delicate pericarp and fleshy
skin (Shen and Yang, 2017), despite the fact that alginate-based edible coatings are good at
maintaining the postharvest quality of fruits (Valero et al., 2013; Rastegar et al., 2019). Recent studies
showed that preharvest edible coating applications were effective to improve quality of grapes
(Castillo. et al., 2010; Nia et al., 2022). Furthermore, by adding biomolecules with antibacterial and
antioxidant characteristics, these coatings can potentially become bioactive.

Salicylic Acid (SA) is a hormone. produced by plants, that can function as a signaling
molecule in their reactions to pathogenic or environmental stress. It is crucial for delaying the
senescence, inhibiting ethylene production or action, and maintaining postharvest quality, all of which
are advantageous characteristics for preserving postharvest quality of fruits and vegetables (Goni et al.,
2017; Chen et. al., 2023). Preharvest applications of salicylates have been also reported to improve
grape quality characteristics and resistance to pathogen attacks in recent years (Champa et al., 2014;
Garcia-Pastor et al., 2020). Similarly, Oxalic Acid (OA) a ubiquitous organic acid in plants, has a
variety of effects in delaying aging, controlling postharvest diseases, preventing enzymatic browning,
and mitigating of chilling damage in fruits and vegetables (Zheng and Brecht, 2017). In previous
reports, it has been found that preharvest applications with SA and OA have positive effects in
increasing the content of bioactive compounds and antioxidant potential in commercial harvest (Shen
and Yang, 2017; Kok and Bal, 2019; Gomes et al., 2021; Garcia-Pastor et.al., 2021).

Improvement in the properties of coatings has been reported in several studies by application
of natural organic compounds. However, to our knowledge, there is no scientific literature about the
effects of incorporation of SA and OA into alginate coating formulations on grapes quality at harvest
or during storage. Therefore, this study was carried out to evaluate the possibility of alginate coating
with SA or OA as a preharvest tool to improve the quality and shelf life of ‘Red Globe’ grape variety.

Materials and Methods

The experiment was carried out at Tekirdag Viticulture Research Institute, located in
Tekirdag, using “Red Globe™ grapes (Vitis vinifera L.) during 2020 growing season. The vineyard was
a 7-years old planting of cv. Red Globe grafted onto 110R rootstock, bilateral guyot trained with a
grapevine spacing 3.0 m % 1.5 m.

Alginate solution was prepared by dissolving 1% concentration (w/v) in hot water (45°C) and
shaking continuously until the solution became clear. After cooling to 20°C, glycerol was added as a
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plasticizer at 2% v/v (Zapata et al., 2008). For preparing Alg+SA and Alg+OA applications, 2 mM
salicylic acid (C7HgOs, >99%, Sigma-Aldrich) and 2 mM oxalic acid (C2H20., >99%, Sigma-Aldrich)
were incorporated into the alginate solution and stirred until achieving an emulsion by a complete
dispersion. Then, tween 80 as penetrating agent at 0.1% was added to all solutions.

For pre-harvest applications in the vineyard, the vines are divided into four groups. Each
coating applications were studied by sampling six clusters per vine from 16 vines. Five days before
harvest, applications were carried out as follows: (1) control: grape clusters were sprayed deionized
water; (2) Alginate application: 1% alginate was sprayed using a hand sprayer until the clusters were
wetted by the flow; (3) Alg+SA application: clusters were sprayed with 1% alginate + 2 mM SA; (4)
Alg+OA application: clusters were sprayed with 1% alginate + 2 mM OA.

Grape clusters were harvested at commercial maturity, wrapped in plastic boxes with a
capacity of 15-20 kg and carried to the laboratory. Clusters were selected on the basis of uniform size,
color and shape were randomly distributed into batches. For each experiment, packages were prepared
by placing about 2 kg of table grapes inside the polyethylene plastic bags after pre-cooling grapes.
These packages were stored at 0-1°C and 85-90% relative humidity for evaluation of postharvest
quality. Measurements were repeated at 0,15, 30 and 45 for up to 60 days during cold storage.

Clusters were weighed on day 0 and at each analysis period, and weight loss was expressed as
a percentage of initial weight. Titratable acidity (TA) and soluble solid content (SSC) of grapes were
evaluated in the juice obtained from 30 fruits in each replication. SSC content of grape was estimated
by using hand refractometer (Atago Model) and expressed as °Brix. TA of grape was determined by
titration method and it was expressed as g tartaric acid 100 ml™* juice. Ripening Index (RI) was
determined as a ratio of SSC and TA. Berry firmness was measured by a PCE PTR-200 handheld
digital penetrometer and results were given as g/cm?. Berry color was assessed in CIE L*a*b* color
space (CM-5 Konica-Minolta Camera Co., Osaka, Japan). Depending on these values, hue angles
(arctan b/a) were calculated. Color values were obtained from 30 berries for each replicate.
Measurements were taken from opposite sides of each fruit along equatorial axis of berry.

Total phenol content (TPC) of the grapes was determined by Folin Ciocalteu colormetric
method (Slinkard and Singleton, 1977) and expressed as mg gallic acid equivalent per kg fw (mg GAE
kg™). Briefly, a portion of the extract and Folin—Ciocalteu reagent were mixed with sodium carbonate,
shaken for 60 minutes, and then the absorbance was read at 765 nm by a spectrophotometer
(Shimadzu UV-Mini 1240, Japan).

DPPH (2,2-diphenyl-1-picrylhydrazil) radical scavenging assay was used to determine the
antioxidant activity, based on the methods of Brand-Williams et al. (1995). The free radical
scavenging activity of the extracts was expressed as micromoles trolox equivalent (TE) per gram of
fresh sample (umol TE g*) from the triple extracts using Trolox's calibration curve.

Stem browning was performed visually using a 0-5 rating scale, according to Chervin et al.
(2005): where 1= <10% stem browning, 2= 10-30% stem browning, 3= 30-50% stem browning, 4=
70-90% stem browning and 5= >90% stem browning.

Berries with visible rottenness caused by fungus or any other microorganisms’ infection were
regarded as decayed fruit. Decay incidence was calculated by the following formula: Decay incidence
(%)=(number of decayed berries/total number of berries)x100.

A completely randomized design was utilized and each result was expressed as mean + SE of
three replicates. All analyses were performed using the SPSS software package v. 18.0 (IBM, NY,
USA). Means compared by using Fisher’s Least Significant Difference (LSD) test (p<0.05).

Results and Discussion

Weight loss

Weight loss of grapes is one of the most critical quality features of postharvest life and
marketability (Bal et al., 2017). The results showed that weight loss increased with prolonged storage
time (Figure 1). Although there were no statistically differences between preharvest alginate, Alg+SA
and Alg+OA applications (2.1, 2.2 and 2.3%, respectively), these applications considerably reduced
the weight loss in grapes compared to the control (3.3%). Alginate reduces external change and water
loss by acting as a protective barrier between the fruit and its environment. These positive effects of
the alginate coating on fruit are based on their hygroscopic properties (Kontominas, 2020). Moreover,
the addition of glycerol as plasticizer to the coating, as applied in the study, gave good results in terms
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of weight loss reduction, according to previous records (Valero et al., 2013). Reduction in weight loss
by alginate coating has also been demonstrated in tomato (Zapata et al., 2008), plum (Bal, 2019), ber
fruit (Ramana et al., 2015) and strawberry (Fan et al., 2009).
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Figure 1. Alginate along with SA and OA affects weight loss of grapes

Berry firmness

In the study, the firmness of grapes declined both in treated and control fruit during storage
(Figure 2). These changes in firmness were related to clusters lose their water content and
physiological in their structure during storage period. Initially, the firmness values were similar with
slight differences for both control and treated samples. As the storage period progressed, all samples
gradually began to show loss of firmness, but preharvest Alg+SA and Alg+OA applications exhibited
higher firmness in comparison to the control and Alginate samples. At the end of the 60-day storage
period, berries treated with Alg+SA and Alg+OA maintained firmness levels of 462 and 429 g,
respectively, while the control and Alginate had a firmness of 390 and 371 g. Higher retention of
firmness applied with SA and OA enriched alginate coating may be due to lower activity of enzymes
in the cell wall, resulting in a slower degradation rate. Similarly, delaying the softening process during
storage have been also obtained after SA and OA applications in grape (Champa et al., 2014; Garcia-
Pastor et al., 2021).
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Figure 2. Alginate along with SA and OA affects firmness of grapes

SSC, TA and Ripening Index

SSC, TA and ripening index are basic indicators reflecting the organoleptic quality of table
grapes. In current study, lower SSC content and higher TA were observed in grapes treated with
Alg+SA, Alg+OA and Alginate compared to control at harvest (Figure 3), indicating a marked delay
in ripening and maturation process, whereas Rl index increased with advancing maturity and cold
storage. However, data revealed that there was no significant difference in SSC, TA and SSC / TA
between control and application groups during storage period.
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Figure 3. Alginate along with SA and OA affects SSC (a), TA (b) and Ripening index (c) of grapes

Berry color

Red Globe berries are large-round and range in color from light pink to deep red. In the study,
L* values of berry color slightly decreased and hue angle (h) values showed fluctuations in the form of
increase-decrease during storage regardless of applications (Figure 4). This reduction has also been
reported in other studies with coated grapes (Melo et al., 2018; Souza et al., 2021). h angle slightly
changed without significant differences between control and treated fruit. These minor changes in
skin color of ‘Red Globe’ grapes during storage follow a typical behavior for non-climacteric fruits
(Cherian et al., 2014). During storage, berry lightness decreased continuously irrespective of
applications. Clusters treated with Alg+SA, Alg+OA and Alginate maintained higher L* values up to
60 days of cold storage on the contrary to control. The results are in line with Konuk Takma and Korel
(2017) who reported that edible coatings showed a positive effect on maintaining the color brightness
of grape berries.
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Figure 4. Alginate along with SA and OA affects L (a) and hue angle (b) values of grapes

Total Phenol Content

The changes of TPC in grapes are presented in Figure 5. The TPC in grapes with Alg+OA was
found to be the highest after harvest at 2948 mg kg, and the lowest was in the control at 1820 mg kg
!, During storage, fluctuations in the form of increase and decrease in TPC were observed. Similarly,
Kalt (2005) reported that phenol content in fruits may increase or decrease depending on cold storage
conditions. Although TPC value compared to initial values decreased in all applications except
Alg+SA application according to the initial values at the end of storage, Alg+OA treated fruit had the
highest TPC with 2553 mg kg, followed by Alg+SA (2368 mg kg™) and Alginate (2196 mg kg?*). On
the other hand, the lowest TPC were obtained from control fruit (1807 mg kg*) on day 60. Since TPC
was negatively correlated with weight loss and decay amount, TPC amount was found to be lower in
control fruits due to increased weight loss and decay. It has been reported that the application of
elicitors such as alginate, SA and OA improves the polyphenol content in fruits and thus increases
their quality (Konuk Takma and Korel, 2017; Kok and Bal, 2019; Gomes et al., 2021; Garcia-Pastor et
al., 2021). These results indicate that SA and OA applications promoted TPC accumulation during
storage due to activation of PAL, a key enzyme of the phenylpropanoid pathway (Shen and Yang,
2017; Martinez-Espla et al., 2019).

Control Alg Alg+SA Alg+OA
3500
3000 T 1
= 1 T L T
=, 2500 : 1 |
2 t i | 3
2 2000 i 1 - 1
& 1500 1
'_
1000
500
0 15 30 45 60
Time (days)

Figure 5. Alginate along with SA and OA affects total phenolic content of grapes

Antioxidants

As shown in Figure 6, on the first day of the experiment, a difference in antioxidants was
observed in fruits covered with SA and OA-enriched alginate coatings compared to control and
alginate-coated fruits. Antioxidant activity in control grapes at harvest was 1.52 pmol TE g? and
significantly higher in Alg+SA and Alg+OA coated grapes, with increases of 17% and 13%,
respectively. This difference might be due to the incorporation of SA and OA extract in the coating
systems which had an antioxidant effect and triggered defense mechanisms (Kayashima and
Katayama, 2002; Cisneros-Zevallos, 2003). During the experiment, the highest antioxidant activity
was determined in grapes with Alg+OA application (1.90 umol TE g*) on the 30" day. At the end of
storage, the highest and lowest levels of antioxidant activity (1.81 and 1.50 pmol TE g*) were
observed in Alg+OA coated grapes and control applications, respectively. Decrease in antioxidant
content in untreated grapes during storage was likely a result of faster senescence. Likewise, changes
in antioxidant activity were found similar to the trend observed in TPC. The positive effect of alginate
coating with SA or OA, in minimizing loss of antioxidants, might be attributed to delayed oxidation of
phenolics and enhanced the antioxidant enzymes. Enhanced of antioxidant in response to preharvest
SA or OA application has also been reported in grapes (Garcia-Pastor et al., 2021; Nia et al., 2022).
Moreover, alginate coatings, restricted moisture loss and gas exchange, was reported effective in
retaining higher antioxidants than control in sweet cherry and mango (Diaz-Mula et al., 2012; Rastegar
etal., 2019).
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Figure 6. Alginate along with SA and OA affects antioxidant activity of grapes

Stem Browning

Stem browning is a sign of serious water loss in concomitance with oxidative processes that
affects the quality of table grapes throughout the storage period (Hamie et al., 2022). In the study, it
was observed that there was positive correlation between water loss and stem browning index. As seen
in Figure 7 for stem browning, no browning symptoms on rachis were observed at day 15 of storage.
The first symptoms were detected on the 30th day analysis and continued to increase depending on the
applications. At the end of the storage, the least stem browning scores noticed in grapes treated with
Alg+SA (1.63 point) followed by Alg+OA (1.73 point) and alginate (2.53 point) whereas the highest
stem browning was observed in control (3.36 point). Stem browning and drying of ‘Red Globe’ was
significantly lower on coated grapes than control. Especially in alginate coating combined with SA
and OA, the laterals and rachis of the clusters were greener than alginate coating alone.
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Figure 7. Alginate along with SA and OA affects stem browning of grapes

Decay Incidence

Fungal growth is an important factor that limits the storage life of grapes and causes economic
losses. In the study, decay incidence increased as storage time progressed, but this increase was
significantly higher in the control compared to the other applications (Fig. 8). As can be observed,
alginate coating alone or with SA or OX prevented fruit from suffering any kind of surface
deterioration until 15" day of storage. Similar behavior has been reported by many authors and has
been attributed to that coatings creating an altered atmosphere on the fruit surface that can inhibit
microbial growth, resulting in lower decay incidence (Singh and Packirisamy, 2022). After the 15%
day of storage, the loss of fruit at all applications was due mostly to fungal infection by Botrytis
cinerea. Alg+OA (4%) and Alg+SA (5.3%) applications were the most effective applications in
suppressing decay incidence at the end of the storage, while decay incidence in control was 14.6%. In
the study, alginate combined with SA or OA probably worked synergistically and markedly
suppressed the decay incidence in grapes. In the same way, Konuk Takma and Korel (2017) reported
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that postharvest alginate coating incorporating vanillin could be used as an alternative to reduce
microbial growth during grape storage. Guerreiro, et al. (2016) also reported a reduced microbial
growth of raspberries coated with alginate-based coating enriched with essential oils during storage
period. Moreover, SA and OA have both been also reported to have antimicrobial properties (Champa
et al., 2014; Zheng and Brecht, 2017; Garcia-Pastor et al., 2020).
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Figure 8. Alginate along with SA and OA affects decay incidence of grapes

Conclusions

Overall results showed that preharvest applications of grape clusters with Alg+OA and Alg+SA in
Red Globe grape variety had positive influence on grape quality parameters at harvest and storage
period. These applications led to stems with better freshness with lower browning symptoms, and
lower incidence of decay after 60 days of storage. Moreover, the total phenol content and antioxidant
activity were also found at higher levels in grapes from treated grapevines than in those from control
ones, both at harvest and at the end of the storage. In conclusion, preharvest coating with elicitors
points to the potential to modulate the postharvest quality and marketing life of fruits, and more
research is needed in this regard.

Author Contributions

The authors declare that they have contributed equally to the article.
Conflicts of Interest

The authors declare that they have no conflict of interest.

References

Anonymus, 2021. Production and trade statistics. http://www.fao.org/economic/ess/ess-trade/en/ (access date:
06.06.2023).

Asgarian, Z.S., Karimi, R., Ghabooli, M., Maleki, M., 2021. Biochemical changes and quality characterization of
cold-stored 'Sahebi' grape in response to postharvest application of GABA. Food chemistry. 373 Pt A,
131401.

Bal, E., Kok, D., Torcuk, I.A., 2017. Postharvest putrescine and ultrasound treatments to improve quality and
postharvest life of table grapes (Vitis vinifera L.) cv. Michele Palieri. Journal of Central European
Agriculture. 18(3): 598-615.

Bal, E., 2019. Effects of alginate edible coating enriched with salicylic and oxalic acid on preserving plum fruit
(Prunus salicina L. ¢v.‘Black amber”) quality during postharvest storage. Acta Scientiarum Polonorum
Hortorum Cultus. 18(4): 35-46.

Brand-Williams, W., Cuvelier, M.E., Berset, C.W.T., 1995. Use of a free radical method to evaluate antioxidant
activity. LWT-Food Science and Technology. 28(1): 25-30.

Castillo, S., Navarro, D.N., Zapata, P.J., Guillén, F., Valero, D., Serrano, M., Martinez-Romero, D., 2010.
Antifungal efficacy of Aloe vera in vitro and its use as a preharvest application to maintain postharvest
table grape quality. Postharvest Biology and Technology. 57: 183-188.

Champa, W.A.,, Gill, MI., Mahajan, B.V., Arora, N.K., 2014. Preharvest salicylic acid applications to improve
quality and postharvest life of table grapes (Vitis vinifera L.) cv. Flame Seedless. Journal of Food
Science and Technology. 52: 3607-3616.

236



COMU Zir. Fak. Derg. (COMU J. Agric. Fac.) Aragtirma Makalesi
Research Article

Chen, C., Sun, C., Wang, Y., Gong, H., Zhang, A., Yang, Y., Guo, F., Cui, K., Fan, X., Li, X., 2023. The
preharvest and postharvest application of salicylic acid and its derivatives on storage of fruit and
vegetables: A review. Scientia Horticulturae. 312: 111858.

Cherian, S., Figueroa, C.R., Nair, H., 2014. ‘Movers and shakers’ in the regulation of fruit ripening: a cross-
dissection of climacteric compared with non-climacteric fruit. Journal of the Experimental Botanics.
65(17): 4705-22.

Chervin, C., Westercamp, P., Monteils, G., 2005. Ethanol vapours limit Botrytis development over the
postharvest life of table grapes. Postharvest Biology and Technology. 36(3): 319-322.

Cisneros-Zevallos, L., 2003. The use of controlled postharvest abiotic stresses as a tool for enhancing the
nutraceutical content and adding-value of fresh fruits and vegetables. Journal of Food Science. 68:
1560-1565.

Diaz-Mula, H.M., Serrano, M., Valero, D., 2012. Alginate coatings preserve fruit quality and bioactive
compounds during storage of sweet cherry fruit. Food and Bioprocess Technology. 5: 2990-2997.

Fan, Y., Xu, Y., Wang, D., Zhang, L., Sun, J., Sun, L., Zhang, B., 2009. Effect of alginate coating combined
with yeast antagonist on strawberry (Fragaria x ananassa) preservation quality. Postharvest Biology
and Technology. 53(1-2): 84-90.

Garcia-Pastor, M.E., Zapata, P.J., Castillo, S., Martinez-Romero, D., Valero, D., Serrano, M., Guillén, F., 2020.
Preharvest salicylate applications enhance antioxidant compounds, color and crop yield in low
pigmented-table grape cultivars and preserve quality traits during storage. Antioxidants. 9(9): 832.

Garcia-Pastor, M.E., Giménez, M.J., SernaEscolano, V., Guillén, F., Valero, D., Serrano, M., Garcia-Martinez,
S., Terry, L.A., Alamar, M.C., Zapata, P.J., 2021. Oxalic acid preharvest application improves colour
and quality of seedless table grape ‘magenta’ upregulating on-vine abscisic acid metabolism, relative
VVNCED1 gene expression, and the antioxidant system in berries. Frontiers in Plant Science. 12:
740240.

Gomes, E.P., Vanz Borges, C., Monteiro, G.C., Filiol Belin, M.A., Minatel, 1.0., Pimentel Junior, A., Tecchio,
M.A., Lima, G.P., 2021. Preharvest salicylic acid applications improve phenolic compounds and
biogenic amines in ‘Niagara Rosada’ table grape. Postharvest Biology and Technology. 176: 111505.

Gong, D., Bi, Y., Li, Y., Wang, Y., Prusky, D., Alkan, N., 2022. Preharvest elicitors spray improves antioxidant
activity, alleviates chilling injury, and maintains quality in harvested fruit. Horticulturae. 8(12):1208.

Goni, M.G., Quirds-Sauceda, A.E., Velderrain-Rodriguez, G.R., Ovando-Martinez, M., Roura, S.I., Gonzalez-
Aguilar, G.A., Pareek, S., 2017. Salicylic acid applications. A Novel Postharvest Applications of Fresh
Produce (pp. 119-148). CRC Press.

Guerreiro, A.C., Gago, C.M., Miguel, M.D., Faleiro, M.L., Antunes, M.D., 2016. The influence of edible
coatings enriched with citral and eugenol on the raspberry storage ability, nutritional and sensory
quality. Food Packaging and Shelf Life. 9: 20-28.

Hamie, N., Zoffoli, J.P., Tarricone, L., Verrastro, V., PérezDonoso, A.G., Gambacorta, G., 2022. Rachis
browning and water loss description during postharvest storage of ‘Krissy’ and ‘“Thompson Seedless’
table grapes. Postharvest Biology and Technology. 184: 111758.

Kalt, W., 2005. Effects of production and processing factors on major fruit and vegetable antioxidants. Journal of
Food Science. 70: 10.

Kayashima, T., Katayama, T., 2002. Oxalic acid is available as a natural antioxidant in some systems.
Biochimica et Biophysica Acta. 1573(1): 1-3.

Kok, D., Bal, E., 2019. Changes on bioactive compounds and electrochemical characteristics of cv. Horoz Karasi
table grape (V. vinifera L.) induced by various doses of preharvest applications of benzoic acid, citric
acid and oxalic acid at berry setting and verasion periods. Erwerbs-Obstbau. 61(1), 17-24.

Kontominas, M.G., 2020. Use of Alginates as Food Packaging Materials. Foods. 9: 1440.

Konuk Takma, D., Korel, F., 2017. Impact of preharvest and postharvest alginate treatments enriched with
vanillin on postharvest decay, biochemical properties, quality and sensory attributes of table grapes.
Food Chemistry. 221: 187-195.

Krochta, J.M., Baldwin, E.A., Nisperos-Carriedo, M.O., 2011. Edible coatings and films to improve food
quality. CRC Press NW.

Martinez-Espla, A., Serrano, M., Martinez-Romero, D., Valero, D., Zapata, P.J., 2019. Oxalic acid preharvest
application increases antioxidant systems and improves plum quality at harvest and during postharvest
storage. Journal of Science Food Agriculture. 99: 235-243.

Melo, N.F., Mendonga Soares, B.L., Diniz, K.M., Leal, C.F., Canto, D., Flores, M.A., Tavares-Filho, J.H.,
Galembeck, A., Stamford, T.L., Stamford-Arnaud, T.M., Stamford, T.C., 2018. Effects of fungal
chitosan nanoparticles as eco-friendly edible coatings on the quality of postharvest table
grapes. Postharvest Biology and Technology. 139: 56-66.

237



COMU Zir. Fak. Derg. (COMU J. Agric. Fac.) Aragtirma Makalesi
Research Article

Ni, Z., Hu, K., Song, C., Ma, R., Li, Z., Zheng, J., Fu, L., Wei, Z., Zhang, H., 2016. Hydrogen sulfide alleviates
postharvest senescence of grape by modulating the antioxidant defenses. Oxidative Medicine and
Cellular Longevity. 4715651.

Nia, A.E., Taghipour, S., Siahmansour, S., 2022. Effects of salicylic acid preharvest and Aloe vera gel
postharvest treatments on quality maintenance of table grapes during storage. South African Journal of
Botany. 147: 1136-1145.

Shen, Y., Yang, H., 2017. Effect of preharvest chitosan-g-salicylic acid application on postharvest table grape
quality, shelf life, and resistance to Botrytis cinerea-induced spoilage. Scientia Horticulturae. 224:367-
373.

Singh, D.P., Packirisamy, G., 2022. Biopolymer based edible coating for enhancing the shelf life of horticulture
products. Food Chemistry: Molecular Sciences. 4: 100085.

Ramana Rao, T.V., Baraiya, N.S., Vyas, P.B., Patel, D.M., 2015. Composite coating of alginate-olive oil
enriched with antioxidants enhances postharvest quality and shelf life of Ber fruit (Ziziphus mauritiana
Lamk. var. Gola). Journal of Food Science and Technology. 53: 748-756.

Rastegar, S., Hassanzadeh Khankahdani, H., Rahimzadeh, M., 2019. Effectiveness of alginate coating on
antioxidant enzymes and biochemical changes during storage of mango fruit. Journal of Food
Biochemistry. 43(11):12990.

Slinkard, K., Singleton, V.L., 1977. Total phenol analysis: automation and comparison with manual methods.
American Journal of Enology and Viticulture. 28(1): 49-55.

Souza, W.F., Lucena, F.A., Silva, K.G., Martins, L.P., Castro, R.J., Sato, H.H., 2021. Influence of edible
coatings composed of alginate, galactomannans, cashew gum, and gelatin on the shelf- life of grape
cultivar ‘Italia’: Physicochemical and bioactive properties. LWT - Food Science and Technology. 152:
112315.

Valero, D., Diaz-Mula, H.M., Zapata, P.J., Guillén, F., Martinez-Romero, D., Castillo, S., Serrano, M., 2013.
Effects of alginate edible coating on preserving fruit quality in four plum cultivars during postharvest
storage. Postharvest Biology and Technology. 77: 1-6.

Zapata, P.J., Guillén, F., Martinez-Romero, D., Castillo, S., Valero, D., Serrano, M., 2008. Use of alginate or
zein as edible coatings to delay postharvest ripening process and to maintain tomato (Solanum
lycopersicon Mill) quality. Journal of the Science of Food and Agriculture. 88: 1287-1293.

Zheng, X., Brecht, J.K., 2017. Oxalic acid treatments. In Novel Postharvest Treatments of Fresh Produce (pp.
35-50). CRC Press.

238



COMU Zir. Fak. Derg. (COMU . Agric. Fac.)
Yil: 11 (2): 239-245

ISSN: 2147-8384 / e-ISSN: 25646826

doi: 10.33202/comuagri.1291994

Research Article

The Effects of Gibberellic Acid and Cane Girdling of Applications on
Crimson Seedless Grape Variety of Cluster and Berry Characteristics

Harun Coban'”

!Canakkale Onsekiz Mart University, Faculty of Agriculture Department of Horticulture 17100Canakkale/Tiirkiye
*Corresponding author: harun.coban@comu.edu.tr

Received Date: 03.05.2023 Accepted Date: 05.10.2023

Abstract

‘Crimson Seedless’ grape variety is a late maturity and small berry size. Berry size is one of the most
important quality parameters of table grapes. This trial was carried out in the Crimson Seedless (Vitis vinifera L.)
grower vineyard in Sarigol (dadagl) locality of Manisa province in the 2022 vegetation period. A randomized
complete block design was used with vines as blocks and clusters as the experimental unit’s four treatments and
four replications. Vine bunches of Crimson Seedless grape variety, ten years old, were sprayed extensively with
a GA; (Gibberellic Acid) solution (20 mg L) on the 25th of April 10th of May, and 10th of June/2022, while
girdling (G) was applied from removing 3 mm diameter bark all around from 10 cm below the top of the vine
trunk at fruit set stage. Control (C) only water was sprayed. This study aimed to reveal gibberellic acid and cane
girdling applications on Crimson Seedless cluster and berry characteristics. Harvest (°Brix 19) was done on the
10th of October/2022 and after that, the cluster weight (g), cluster length (cm), cluster width (cm), berry weight
(9), berry length (mm), berry diameter (mm), berry length/berry diameter, total soluble solid, total acidity and
maturity index were determined in fresh fruit samples randomly taken from each vine. It was found that all
applications generally had statistically (P<0.05) significant effects on grape cluster weight, cluster length, cluster
width, berry weight, berry length (BL), berry diameter BD), BL/BD, total soluble solid, total acidity, and
maturity index in Crimson Seedless variety.
As a result of this study, general recommendations are made of GA3+G, and G as the most suitable applications
for growing the Crimson Seedless table grape variety.
Keywords: Crimson Seedless, girdling, GAs, grapevine

Gibberellik Asit ve Bilezik Alma Uygulamalarinin Crimson Seedless Uziim ¢esidinin
Salkim ve Tane Ozellikleri Uzerine Etkileri
Oz

‘Crimson Seedless' iziim ¢esidi, ge¢ olgunlagan ve kii¢iik taneli bir {iziim ¢esididir. Tane iriligi sofralik
liziimlerin en 6nemli kalite parametrelerinden biridir. Bu ¢aligmanin amaci, Gibberellik Asit (GA3) ve Bilezik
Alma (BA) uygulamalarinin Crimson Seedless iiziim ¢esidinin salkim ve tane ozellikleri tizerindeki etkisini
ortaya koymaktir. Bu deneme 2022 vejetasyon sezonunda Manisa ili Sarig6l (dadagli) mevkiinde Crimson
Seedless (Vitis vinifera L.) iiretici baginda yiiriitiilmiistiir. Deneme tesadiif bloklar1 desenine gore 4 uygulama ve
4 tekerriirlii olarak diizenlenmistir. On yasindaki Crimson Seedless {iziim ¢esidinin somaklarina 25 Nisan, 10
Mayis ve 10 Haziran/2022 tarihlerinde GAs (Gibberellik Asit) ¢ozeltisinden (20 mg L) yogun bir sekilde
puskiirtiilmistiir. Bilezik alma (BA) tane tutum déneminde gévdenin iist kismindan yapilmistir. Hasat (19 °Brix)
10 Ekim 2022 tarihinde yapilmustir. Salkim agirhigt (g), salkim uzunlugu (cm), salkim genisligi (cm), tane
agirhigi (g), tane uzunlugu (mm), tane ¢apt (mm), tane uzunlugu/tane ¢api, suda ¢dzlinebilir kuru madde, toplam
asitlik ve olgunluk indeksi rastgele alinan 6rneklerde belirlenmistir. Tiim uygulamalarin genel olarak Crimson
Seedless liziim ¢esidinin salkimi agirligl, salkim uzunlugu, salkim genisligi, tane agirligi, tane uzunlugu (TU),
tane cap1 (TC), TU/TC, toplam c¢oziinebilir kuru madde, toplam asitlik ve olgunlasma indeksi iizerinde
istatistiksel olarak (P<0.05) dnemli etkilere sahip oldugu tespit edilmistir.

Bu arastirmanin sonuglari olarak sofralik Crimson Seedless liziim gesidi yetistiriciligi i¢in genel olarak en iyi
sonu¢ veren uygulamalar GAs+Bilezik Alma kombinasyonu ve Bilezik Alma seklinde 6nerilebilir.
Anahtar Kelimeler: Crimson Seedless, bilezik alma, GAs, asma
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Introduction

Viticulture is one of the most important agricultural activities in both hemispheres of the

world. The most important reason for this is that grapes have the chance to be utilized in multiple
ways such as table, drying, and must-wine production. According to 2022 data, 4,145.450 tons of the
78,234.000 tons of grapes produced in the world are produced in our country. Tiirkiye ranks 6th in the
world grape production with a share of 5.34%. Grape production in Tiirkiye is realized in an area of
400.778 ha. With 5.65% of the world's grape production area, Tiirkiye is 5th in the world in terms of
grape production area. Manisa ranks first in Tiirkiye with 28% of the total vineyard area and 45% of
the grape production, and Sarigdl is the most important district in table grape production and exports.
Sar1gol has 11.590 hectares of vineyard area and produces 125,415 tons of fresh grapes (Anonymous,
2022a). In general, Sultana Seedless, Red Globe, Mevlana, Superior Seedless, Trakya llkeren, and
Antep Karasi varieties are dominant in the region, and the cultivation of the Crimson Seedless grape
variety has been increasing rapidly in recent years.
The Crimson Seedless grape variety (Vitis vinifera L.) is a small, oval grape variety with a red, crisp,
and berry grain color that ripens in mid-October. If the climate is favorable, the clusters can remain on
the vine until mid-November. On the other hand, not getting large enough of berry size of the variety
in our region and the problem of marketing and gradual harvesting due to the coloration problem pose
a problem. Much research has been conducted to increase the berry size and coloration of the Crimson
Seedless grape variety (Dokoozlian et al., 1994; Dokoozlian et al., 1995; Conte et al., 2010; Kok and
Bal).

Berry size is the main quality factor in international markets, farmers often overuse the growth
regulators Gibberellic acid (GAs) and forchlorfenuron (CPPU), to increase berry size (Peppi, and
Fidelibus, 2008; Zoffoli et al., 2009; Abu-Zehra, 2010; Abd-el- Razek, et al., 2010; Strydom, 2013).
GA; has been routinely used for seedless grape production to increase berry and bunch weight (Lu et
al., 1995). In addition, table grapes production includes the use of GAs; sprays at anthesis which
reduces the number of flowers that set, and then an after GA; spray shortly thereafter which will
increase berry size (Roper and Williams, 1989).

Girdling which consists of removing a small section of phloem (about 4 mm in width) from
around the trunk, has been practiced for years, to produce large berries of seedless grapes intended for
table use, or to enhance fruit maturity by enhancing berry coloration or accumulation of sugar (Jensen
et al., 1981; Roper and Williams, 1989; Williams and Ayars, 2005; Yamane and Shibayama, 2006;
Abu-Zahra, 2010; Abu-Zahra and Naseri, 2012). Girdling grapevines resulted in both an increase in
carbohydrate concentration above the girdle and an increase in weight per unit leaf area (During, 1978;
Isci and Altindisli, 2014; Soltekin et al., 2015). Otherwise, root carbohydrate concentrations were less
for the girdled vines when compared to the control vines (Roper and Williams, 1989). Clusters treated
with growth regulators mainly GA; at berry set (applied two weeks after anthesis) developed larger
berries than the control; however, girdling resulted in the development of larger berries than the
application of the growth regulator (Weaver and Winkler, 1951; Williams and Ayars, 2005; Avenant
and Avenant, 2006; Abu-Zahra, 2010). Girdling and GAs; sprays are used together shortly after
anthesis as they have a synergistic effect on increasing berry size (Harrell and Williams, 1987;
Ezzahovani et al., 1985; Uzun and Ceyhan, 1995; Brar et al., 2008; Zoffoli et al., 2009). Also, girdling
in combination with an application of GAs indicates that GA; may mitigate the depressing effect of
girdling on stomatal conductance, and subsequently whole vine water use.

This work aimed to determine the effects of cane girdling with 20 (mg L) Gibberellic acid
(GA:) applied to improve the Crimson seedless grape's cluster and berry quality properties.

Materials and Methods

This experiment was carried out in the 2022 season at the grapevine of Crimson seedless (Vitis
vinifera L) in Sarigdl (dadagl) location, Manisa. The climate in this region is semi-arid with hot dry
summers and cold rainy winters. The average yearly temperature is 18.1 °C and the total amount of
annual rainfall is about 643 mm (Anonymous, 2022b). Crimson Seedless is highly vigorous when
planted on its roots, 10 years old. The planting distances were 3.2 m between the rows and 2.0 m on
the rows and trained onto a T-trellis system. A drip irrigation system was used, and the soil structure
of these vineyards is the loamy alluvial soil, and the routine cultural processing such as soil
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management, and fertilizers. The number of clusters per vine was adjusted to 30. The trial design has
done four treatments:

1. Control.

2. GA320 mg L™ (time-A: 25th of April and 10th of May, spraying).

3. Girdling (G) (time-B: at fruit set stage, Phase 27), (removing 3 mm diameter bark all around from
near the top of the vine trunk).

4. GAz + Girdling (time: A+B).

Harvest was done on the 10™ of October/2022 (TSS, 19 °Brix), every five clusters per replicate
were collected in paper bags and samples were immediately brought to the laboratory for analysis.
After that, the cluster weight (g), cluster length (cm), cluster width (cm), berry weight (g), berry length
(mm), berry diameter (mm), berry length/berry diameter were determined in fresh fruit samples
randomly taken from each vine.

The percentage of total soluble solids (TSS %) was measured by the Refractometer and total titratable
acidity (TA %) was determined by titrating the berry juice with 0.133 N NaOH (Weaver and Winker,
1951). In addition, the maturity index TSS/TA was calculated.

A randomized complete-block design was used with vines as blocks and clusters as experimental units
four treatments and four replications.

Statistical analysis, Analysis of variance (ANOVA), and Mean separation were conducted by the Least
Significant Difference (LSD) using the SAS program. Differences with a probability value equal to
0.05 were considered significant.

Results and Discussion

The Effect of GAs, G, and GA; + G applications on cluster characters

The Crimson Seedless grape variety was harvested on October 10, 2022. As a result of the
evaluation of the data obtained, it was determined that the treatments had significantly different effects
on cluster weight, cluster length, and cluster width (Table 1).

Table 1. Effect of gibberellic acid, Girdling, and gibberellic acid + girdling combination applications to cluster
characters

Treatments Cluster weight (g) Cluster length (cm) Cluster width (cm)
Control 755.50 d 24.10c 13.80 ¢

GAs3 870.40c 28.30b 14.60 bc

G 910.20 b 25.00 ¢ 15.40 b
GAz;+G 950.00 a 29.30a 19.10 a

LSD 0.5 9.405 2.35 1.20

a-d: Mean values followed by the same letter in each column are not significantly different (P>0.05)

Cluster weight: In terms of data on cluster weight analyzed, the highest value was observed in GA; +
G treatment with 950 g while the lowest value was obtained from control vines with 755.5 g. The
other treatments were between these two values in the following order: G, 870.4 g; GAs, 706 g (Table
1). In other words, GAs treatments increased cluster weight by 15.16 %, Girdling treatment increased
it by 20.52 % and GAs+G treatment increased it by 25.82 % compared to control.

These results support the view expressed by Brown et al. (1988), Zabadal (1992), and Camc1 and
Coban (2016) that cultural practices have a positive effect on fresh grape Clusters.

Cluster length: As a result of the evaluation of the data on cluster length, the highest value was
observed in GAs; + G treatment at 29.30 cm while the lowest value was observed in control vines at
24.10 cm (Table 1). The results of other treatments were between these two values (GAs, 28.30 cm; G,
25.00 cm). When the values obtained are calculated in percentages GAs treatments increased cluster
length by 17.42 %. Girdling treatment increased it by 3.73 % and GAs+G treatment increased it by
21.57 % compared to the control. These results are in agreement with the opinion of Bahar et al.,
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(1998), Brown et al. (1988), and Camc1 and Coban (2016) that the related treatments had positive
effects on cluster length.

Cluster width: In cluster width, the highest value was obtained from GAs; + G with 19.10 cm and the
lowest value was obtained from Control with 13.80 g. The other treatments were between these two
values in the following order: G, 15.40 cm; GAs, 14.60 cm (Table 1). GAstreatments increased cluster
width by 11.45 %, Girdling treatment increased it by 17.55 % and GAs+G treatment increased it by
45.80 % compared to control. These findings are in parallel with the results of Dokoozlian et al.
(1995), Camc1 and Coban (2016) on Round Seedless and Isci and Altindisli (2014) on Trakya Ilkeren
grape varieties, which showed that trunk girdling treatments increased cluster width compared to
control vines.

The Effect of GAs, G, and GAs + G applications on berry characters.

The effect Control of GAs, G, and GAs + G treatments on berry weight, berry length, berry
diameter, and berry length/berry diameter were found to be statistically significant, and they formed
different groups (Table 2).

Berry weight: In terms of berry weight, while the highest values are obtained from GAs + G (7.5 g, a
group), the lowest values were found in the control berry (5.7 g, ¢ group). All treatments (GAs, G, and
GA; + G) improved berry weight compared to naturally treated berries. Also, GAs; treatments
increased berry weight by 14.03 %, Girdling treatment increased it by 17.54 % and GAs+G treatment
increased it by 31.57 % compared to control. These results coincide with that obtained by Dokoozlian
et al., (1995), Lu et al., (1995), Abu-Zehra (2010), and Go6zcii and Dardeniz (2022), in which GAs, G,
and GA; + G have been routinely used for seedless grape production to increase berry weight.

Berry length: As a result of the evaluation of the data on berry length, the highest value was observed
in GA; + G treatment with (27.4 mm, a group) while the lowest value was observed in control vines
with (23.3 mm; ¢ group (Table 2). The results of other treatments were between these two values
(GAs, 24.7 mm, bc group; G, 25.2 mm, ab group). In addition, GAs treatments increased berry length
by 6.08 %, Girdling treatment increased it by 8.15 % and GA3+G treatment increased it by 17.5 %
compared to control. These findings are in parallel with the results of Roper and Williams (1989),
Williams and Ayars (2005), and Zhenming et al., (2008). Also, girdling and GAs sprays are used
together shortly after anthesis as they have a synergistic effect on increasing berry size (Dokoozlian et
al., 1995; Brar et al., 2008; Harrell and Williams, 1987; Abu-Zehra, 2010; Camci and Coban, 2016;
Gozcii and Dardeniz, 2022).

Table 2. Effect of gibberellic acid, Girdling, and gibberellic acid + girdling combination applications to berry
characters

.Treatments Berry weight (g)  Berry length (BL) Berry diameter (BD) BL/BD
(mm) (mm)

Control 572c 23.31c 17.32c 1.35b

GAs 6.58 b 24.74 bc 19.61Db 1.26¢

G 6.71b 25.23 ab 19.24ab 1.31d

GAz + G 7.52a 2741 a 20.2 2a 1.36a

LSD o.05 0.23 1,56 0.561 0.023

a-d: Mean values followed by the same letter in each column are not significantly different (P>0.05)

Berry diameter: The same results were obtained as in berry weight and diameter (Table 2). While the
highest berry diameter was obtained by the GAs; + G (20.2 mm, a group) and GAs (19.6 mm, b group)
treatments, the lowest values were found in the control berry diameter (17.3 mm, c group). In other
words, GAs treatments increased berry diameter by 13.23 %, Girdling treatment increased it by 10.98
% and GAs+G treatment increased it by 16,76 % compared to the control. Similar results were
obtained by Roper and Williams (1989); the use of GAs at anthesis increased berry size due to the
increase in sink strength for accumulating nutrients such as K (Zhenming et al., 2008; Abu-Zehra,
2010). Moreover, girdling grapevines increases carbohydrate concentration above the girdle, resulting
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in larger berries as the transport of sugars from leaves to the root system is effectively blocked (Roper
and Williams, 1989).

Berry length/ Berry diameter: group each application formed a different group. The highest value
was observed in GAs + BA treatment with (1.36, a group) while the lowest value was determined in
GAs with (1.26, c group) (Table 2). The results of other treatments have occurred between these two
values (Control, 1.35, b group; G, 1.31, d group). Additionally, GA; treatments decreased BL/BD by -
6.66 %, Girdling treatment decreased it by -2.96 % and GAs;+G treatment increased it by 0.74 %
compared to control.

Effect of GAs, G, and GAs + G treatments on pH, TSS, TA, and maturity index.

The effect Control of GAs, G, and GAs + G treatments on pH, TSS, TA, and maturity index
(TSS/TA) were found to be statistically significant, and they formed different groups. It was only
found to be statistically insignificant in terms of pH (Table 3).

Total soluble solids: While all applications were in the same group with very close values, the control
formed another group (Table 3). In other words, GAs treatments increased TSS by 0.5 %, Girdling
treatment increased it by 2.57 % and GAs+G treatment increased it by 1.54 % compared to the control.
Similar results were obtained in the studies conducted by Dokozolian et al., (1995). However, by Abu-
Zehra et al., (2012) obtained different results in their study. This may be due to the different grape
varieties and geographical locations used in the research.

Total Acidity: In terms of Acidity, the highest values are obtained from the control. Acidity values
decreased in all applications (Table 3). In addition, GAs treatments decreased TA by — 1.81 %,
Girdling treatment decreased it by -3.63 % and GA3+G treatment decreased it by -5.45 % compared to
control. Thes These results are consistent with previous research (Dokoozlian et al., 1995; Abu-Zehra,
2010; Abu-Zehra et al., 2012).

Table 3. Effect of GAs, Girdling, and GAs + Girdling treatments on pH, TSS, TA, and maturity index.

Treatments pH TSS (°Brix) TA (%) maturity index
(TSSITA)

Control 3.74 19.40 ab 0.55a 35.27b
3,65

GA;3 19.51a 0.54 b 36.11b
3.73

G 1994 a 0.53¢c 37.55’a
3.63

GAz: + G 19.73’a 0.52d 37.89’a

LSD o.0s NS 0.37 0.045 1.23

a-c: Mean values followed by the same letter in each column are not significantly different (P<0.05).
NS: Not Significantly.

Maturity index: As a result of the evaluation of the data on maturity index, the highest values were
observed in GAs + G and G treatment with (37.88 and 37.54, a group) while the lowest value was
determined in control and GAs vines with (35.27 and 36.11, b group) (Table 3). When the values
obtained are calculated in percentages GAj; treatments increased the maturity index by 2.55 %.
Girdling treatment increased it by 6.53 % and GAs+G treatment increased it by 7.38 % compared to
the control.

Conclusion

In Sarig6l/Manisa province, the production area of the Crimson Seedless grape variety, which
is a late maturity seedless colored, and small berry size grape variety has been increasing day by day in
recent years. This variety, which entered the table grape market in the late period in the region,
provides high income when evaluated for table purposes. To improve cluster and berry characteristics
of this variety, GAs, Girdling, and GAs girdling treatments were applied.

The results of the research can be summarized as follows.
1. Treatments had different effects on cluster weight, cluster length, and cluster width. Accordingly,
GA; treatments increased cluster weight by 15.16 %, G treatment increased it by 20.52 % and GA3;+G
treatment increased it by 25.82 % compared to control.
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2. Treatments increased the berry characteristics in the Crimson Seedless grape variety.

3. All treatments increased TSS matter compared to control while decreased TA matter compared to
control.

4. Treatments had no effect as statistical on pH.

According to these findings, it can be suggested that GAs+Girdling and Girdling are the most suitable
practices for growing table grapes (for Crimson Seedless) with high quality and commercial value.
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Abstract
This study aimed to investigate the nuclear DNA content of A. caricum using in vitro-grown plants and
to analyse the genetic stability of in vitro-propagated plantlets through flow cytometry. The process involved
germinating seeds on Murashige and Skoog medium with 3% sucrose and 0.7% phytoagar. The germinated
seedlings were then cultured in vitro in a controlled environment. For the in vitro propagation experiment, nodal
explants were cultured on three shoot induction media for 3-4 weeks. Subsequently, the adventitious shoots were
transferred to the MS medium with the same formulations as the shoot induction medium to facilitate shoot
propagation. The propagated adventitious shoots were then moved to full-strength MS medium with 3% sucrose
and 0.7% phytoagar, without any plant growth regulators, to induce root development. The nuclear DNA content
was estimated using flow cytometry for both the in vitro germinated seedlings and the propagated plantlets. The
analyses revealed that A. caricum had 1.75 pg/2C+0.01 mean nuclear DNA content. Furthermore, the propagated
plants exhibited similar nuclear DNA content. These results suggest that the analysed individuals were
genetically stable. However, to obtain more comprehensive information about A. caricum, additional studies
such as chromosome counting, genetic analyses are necessary.
Keywords: A. caricum, In vitro propagation, Nuclear DNA Content, Genetic stability, Flow cytometry.

In vitro Cogaltilan Endemik Alyssum caricum Bitkilerinin Flow Sitometri ile
Genetik Stabilitelerinin Degerlendirilmesi

Oz

Bu calismada, flow sitometri analizi ile in vitro yetistirilmis A. caricum bitkilerinin ¢ekirdek DNA
iceriginin belirlenmesi, ayrica in vitro c¢ogaltilan bitkilerin genetik stabilitelerinin degerlendirilmesi
amaglanmigtir. Bitkinin tohumlar1, 3% sukroz ve 0.7% fitoagar iceren Murashige ve Skoog besin ortaminda
¢imlendirilmistir. Cimlenen fideler kontrollii bir ortamda in vitro olarak biiyltillmistiir. In vitro ¢ogaltim i¢in
nodal eksplantlar ii¢ farkli siirgiin indiiksiyon ortaminda 3-4 hafta kiiltiire alinmigtir. Adventif siirgiinler, siirgiin
indiiksiyon ortamu ile ayni formiilasyonlara sahip MS besin ortamina ¢ogaltilmalari i¢in aktarilmistir. Cogaltilan
adventif siirgiinler, daha sonra bitki biliyiime diizenleyicileri icermeyen MS ortamina aktarilmigtir. In vitro
yetistirilen bitkiler ve in vitro ¢ogaltilan bitkiler flow sitometri ile analiz edilmistir. Yapilan flow sitometri
analizleri, in vitro yetistirilen bitkilerin 1.75 pg/2C+0.01 DNA igerigine sahip oldugunu géstermistir. Sonuglar,
¢ogaltilan bitkilerin tohumdan ¢imlenen bitkiler ile benzer DNA igerigine sahip oldugunu gostermistir. Bu
sonuglar, analiz edilen bireylerin genetik olarak stabil oldugunu 6nermektedir. Bununla birlikte, A. caricum
hakkinda daha kapsamli bilgilere ulagmak i¢in kromozom sayimi, genetik analizler basta olmak lizere ek
caligmalar gerekmektedir.
Anahtar Kelimeler: A. caricum, In vitro ¢ogaltim, Cekirdek DNA igerigi, Genetik stabilite, Flow sitometri.
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Introduction

Various plant species, such as endangered, endemic, threatened, or commercial plants, can be
propagated using plant tissue culture methods. The techniques can be utilized to obtain important
number of the plants that are genetically similar to a parent plant and each other in a short time and
independently of seasonal conditions. However, it should be noted that different key factors, such as
plant genotype, donor age, the appropriate culture medium, and physical environmental factors are
important for optimizing and enhancing the culture conditions (Hasnain et al., 2022; Cordiik et al.,
2023). Genetically uniform and equivalent to donor plants are expected for in vitro propagated plants.
However, different factors such as plant growth regulator, the explant source, subculture number, or
additional chemicals can induce environmental stress, commonly triggering genetic or epigenetic
variations during the culture, known as somaclonal variation (Leljak-Levanic et al., 2004; Temel et al.,
2008; Chinnusamy and Zhu, 2009; Lira-Medeiros et al., 2010). Therefore, in vitro propagated plants
must be analysed to obtain genetic uniformity of the plants. Since somaclonal variation in plant tissue
culture is associated differences in the amount of deoxyribonucleic acid, polyploidy and aneuploidy,
evaluating of the genetic stability is significant step (Escobedo-Gracia-Medrano et al., 2018). Nuclear
DNA content is fundamental important biological character of the genome which is essential data for
many fields of research such as ploidy analysis (Ohri, 1988), breeding (Kron et al., 2007), and in
different projects e.g. genome sequencing (Rabinowicz et al., 2006). Flow cytometry has become the
common method to estimate nuclear DNA amount and ploidy level because it is reliable, convenient,
fast (Dolezel et al., 2007). In plant biotechnology, flow cytometry is an important tool for the
screening genetic stability of regenerated plants in the DNA ploidy level and DNA content (Escobedo-
Gracia-Medrano et al., 2018).

The genus Alyssum (Brassicaceae) is distributed in Asia, Europe, America, and North Africa,
and Eastern Mediterranean region which is the centre of diversity (Dudley, 1964; 1965; Li et al.,
2014). The Alyssum genus is among the largest, with approximately 107 species and subspecies for the
flora of Tiirkiye (Babaoglu et al., 2006). The genus is known by the public as Kevke or Rabid weed.
The rate of endemism is about 55% (Ayta¢ and Duman, 2000; Orcan and Misirdali, 2000; Adigiizel
and Reeves, 2002; Orcan 2002; Orcan, 2006; Orcan and Binzet, 2006; Yilmaz, 2012). Alyssum has
been reported as a representative of the nickel hyperaccumulator genus with many of its taxa
(Babaoglu et al., 2006; Reeves and Adigiizel, 2008). One of the nickel-hyperaccumulator Alyssum
species is Alyssum caricum T.R.Dudley & Hub.-Mor. (Adigiizel and Reeves, 2012). A. caricum is a
perennial plant which distributed in Mugla and Denizli, Tirkiye and shows a semi blush type (Cordiik
et al., 2023). The species is a serpentine endemic plant in the flora of Tiirkiye and is classified as an
endangered (EN) category by the Red Data Book of Turkish Plants (Ekim et al., 2000; Yesilyurt and
Akaydin, 2012). Researches on in vitro propagation (Cordik et al., 2023), identification of the
morphological and anatomical features of seeds (Karaismailoglu, 2022), antibacterial, antioxidant, and
anti-biofilm activities (Tozyilmaz et al., 2021), determination of proteasome activity (Van Hoewyk et
al., 2018), determination of the relative role of aqueous smoke and nitrate on seed germination (Catav
et al., 2015), and adsorption potentials of native and amine-modified plant biomass (Bayramoglu et al.,
2013) of A. caricum have been reported, but, as far as we know, there has been no research conducted
on the assessment of DNA content and genetic stability in A. caricum to date. Therefore, we aimed to
estimate the nuclear DNA content of in vitro growing individuals of A. caricum and analyse genetic
stability of in vitro propagated plantlets by flow cytometry.

Material and Methods

Plant Materials

Seeds of A. caricum, collected in previous studies (Cordiik et al., 2023), were used as plant
materials. Seeds were stored at 4 °C until use. All seeds were initially treated with 70% ethanol for 1
min and then sterilized in 5% (v/v) sodium hypochlorite with 0.1% Tween 20 approximately 20
minutes. The seeds were rinsed with sterile water at least five times. The disinfected seeds were
cultivated on Murashige and Skoog (MS) basal medium (Murashige and Skoog, 1962) with 3% (w/v)
sucrose and 0.7% (w/v) phytoagar for germination and then transferred to the culture room at a
temperature of 25+2°C, 60% relative humidity, and dark conditions. After 7 days, the seedlings were
placed in the culture room at 254+2°C under 16 h light/8 h dark photoperiod, 60% humidity, and 72
umol m2s?, All chemicals, including MS basal medium, 6-Benzylaminopurine (6-BAP), Kinetin
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(KIN), Naphthalene Acetic Acid (NAA), Indole-3-Acetic Acid (IAA), sucrose, and phytoagar, were
purchased from Duchefa Biochemie B.V., Haarlem, Netherlands.

In vitro propagation cultures of A. caricum were established according to the protocol optimized
in a previous study (Cordiik et. al., 2023). The nodal explants (ca. Smm long) isolated aseptically from
in vitro grown seedlings were transferred onto three shoot induction media (Medium A: full-strength
MS medium containing 2 mg/L BAP+0.1 mg/L NAA, Medium B: full-strength MS medium
containing 2 mg/L KIN+0.1 mg/L 1AA, and Medium C: half-strength MS medium containing 2 mg/L
BAP+0.1 mg/L NAA). The prepared cultures were maintained in the plant culture room (25+2°C, 16/8
h photoperiod with a light intensity of 72 umol m? s%). 3% (w/v) sucrose and 0.7% (w/v) phytoagar
were added to all media. The pH of media was adjusted to 5.75, and the media were autoclaved at
121°C for 20 min. All cultures were retained for four weeks, then the adventitious shoots (ca. 1 cm in
length) were sub-cultured onto the MS medium with the same formulations as the shoot induction
medium to facilitate shoot propagation within eight weeks of culture. The propagated adventitious
shoots (2-3 cm) were transferred onto full-strength MS with 3% sucrose and 0.7% phytoagar without
plant growth regulators for root induction.

Nuclear DNA Content Estimation

The nuclear DNA content of A. caricum samples was determined by the flow cytometer (Partec,
CyFlow® Space Miinster, Germany). Vicia sativa (3.95 2C/pg) used as an internal standard. The intact
nuclei suspension was prepared from the young and healthy leaves of propagated plants and in vitro
grown plants. The intact nuclei suspensions were prepared using commercial kits manufactured by
Sysmex Partec GmbH. The healthy and fresh leaf of sample (20 mg) and leaf tissue from standard (50
mg) was co-chopped into small pieces for approximately 40-60 s using a razor blade in a petri dish
containing 500 ul nuclei extraction buffer. The prepared homogenized solution was transferred into a
glass tube through a 30 pm filter. A 2 pl of staining buffer (CyStain Pl Absolute P) was transferred to
each tube. Before analysis, the prepared samples were kept at room temperature in the dark for
approximately 1 hour. 2C nuclear DNA content of analysed samples were calculated using the ratios
of the G1 peak means of the sample and the internal standard with three replicates per sample using
the following equation: Nuclear DNA content of sample = (Fluorescence intensity of sample (mean of
G1 peak) / Fluorescence intensity of standard (mean of G1 peak) x Known DNA content of standard

(pg).

Results and Discussion

The seeds were successfully germinated on MS medium. The in vitro germinated seedlings were
healthy and grown in vitro conditions for 23 weeks (Figure 1). Shoot induction occurred on nodal
explants in all shoot induction media in 3-4 weeks of culture via indirect organogenesis. The
adventitious shoots were successfully propagated on MS medium containing the same plant growth
regulators as the shoot induction medium. The shoots obtained via multiple shoot induction and
organogenesis were successfully developed and rooted on full-strength MS medium without plant
growth regulators (Figure 2).
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Figure 1. a) A. caricum seeds on MS medium for germination; b) germinated seedlings of A. caricum; ¢) 23-
week-old plants derived from in vitro germinated seeds (bar=1 cm).

== - 5 4N
(S W9
Figure 2. In vitro propagation of A. caricum. &) Induced shoots on nodal segment in 4 weeks of culture; b-c) The
adventitious shoots on MS medium containing PGRs in in 12 weeks of culture; d) Rooted plants on MS medium
without plant growth regulators e) propagated plantlets (bar=1 cm).

The in vitro germinated seedlings and the propagated plantlets were used to estimate the mean
nuclear DNA contents using flow cytometry. Technically, the analyses of the nuclear DNA content
were efficient in in vitro grown and propagated individuals of A. caricum. Flow cytometric analysis
resulted in high resolution histograms for each analysed individual plant (Figure 3). The mean nuclear
DNA content of A. caricum was detected using flow cytometry with V. sativa (3.65 pg/2C) as an
internal standard plant. V. sativa was excellent as an internal standard for A. caricum nuclear DNA
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content analyses since analysed plant G1 peak was clearly distinguishable from the standard plant G1
peak. According to the flow cytometric analysis, in vitro grown plants and propagated plantlets have
similar amounts of nuclear DNA. Flow cytometry results indicated that in vitro grown plants (23-
week-old) had 1.75 pg/2C + 0.01 mean nuclear DNA content, whereas propagated plants had (Medium
A) 1.65 pg/2C+ 0.01, (Medium B)1.67 pg/2C + 0.1, and (Medium C) 1.69 pg/2C <+ 0.1, which were
slightly lower than seed derived plantlets.

100

80

60
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40 A

20 4

0+ — - T
0 200 400 600 800 1000
FL2 532-30

Figure 3. Relative positions of the G1 peaks of A. caricum L. and internal standard (Vicia sativa).

It was previously reported that, analyses of materials from in vitro grown plants and propagated
plants had similar nuclear DNA content, e.g., Digitalis trojana (about 2.80 pg/2C; Cordiik et al., 2017)
and Verbascum scamandri (from 0.73 pg/2C to 0.79 pg/2C; Yiicel et al., 2023). In another studies, in
vitro cultures of Plantago asiatica (Makowczynska et al., 2008) and Silene vulgaris (Cordiik et al.,
2018), showed that produce genetically stable material since the 2C DNA content of in vitro cultures
was similar to the source of the material. Mirzaei et al. (2021) reported that since the genetic stability
of olive during in vitro culture is important for elite olive genotype selection the genetic stability of the
propagated materials was evaluated based on flow cytometry analyses. Salix myrtilloides has been
reported as a relict species which is extinction in some Central European countries. The genetic and
flow cytometry analyses with tissue culture materials of S. myrtilloides indicated that plants are
genetically identical to the mother ones, and conducted research was suggested to use the studied
protocol for propagate S. myrtilloides (Parzymies et al., 2023). The stability of the ploidy level in
regenerated Cucumis melo was verified by a flow cytometry. In addition, the combination of BAP and
NOA (Naphthoxyacetic Acid) suggested more convenient for the tissue culture of C. melo (Raji and
Farajpour, 2021). The flow cytometry is used to detect DNA content and ploidy level also in
regenerated plant to verifying the stability in different plants e.g. Musa acuminata cv. Grand Naine
(Escobedo-Gracia-Medrano et al., 2018). As we can see from the previous studies, genetic stability is
important from different perspectives, which makes it necessary character to detect it. In the present
study, flow cytometry was used successfully to analyse the mean nuclear DNA content of A. caricum
and evaluate its genetic stability as well.

Conclusion

In conclusion, Alyssum caricum had 1.75 pg/2C+0.01 mean nuclear DNA content. The mean
nuclear DNA content was similar during the successive subcultures which may suggest that the culture
conditions were suitable for in vitro propagation of this species since no variation based on flow
cytometric analyses occurred during the culture. This confirms that tissue culture methods and
conditions can be useful for A. caricum regeneration. However, more comprehensive studies, e.g.,
chromosome counting, different tissue culture conditions, genetic analyses and more sample analyses
are necessary to have comprehensive information about A. caricum.
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Oz

Arastirmada findik iiretimi ile findik fiyatlar1 arasinda iliski bulunup bulunmadigint belirlemek
amaciyla Koyck modeli kullanilmigtir. Arastirmada 1970-2021 donemi incelenmis, findik fiyatt bagimsiz
degisken, findik iretimi ise bagimli degisken olarak modele dahil edilmistir. Olusturulan Koyck modelinin
sonuglarina gore findik fiyatlari ile findik Gretim miktar1 arasindaki korelasyon 0.616 olarak tespit edilmistir.
Aragtirmada findik fiyatlariin findik tretimini etkiledigi, findik fiyatlarinda meydana gelen degisikliklerin
findik tiretiminde dikkate deger bir degisiklige yol agabilmesi i¢in ge¢mesi gereken zamanin 0.65 yil oldugu
belirlenmistir. Ayrica incelenen donem itibariyle, cari yilda findik fiyatlarindaki bir TL’lik artisin iiretim
miktarinda 0.011532 tonluk bir artiga yol agtig1 saptanmustir. Bir dnceki donemdeki findik fiyatlarinda meydana
gelen bir TL’lik artisin ise findik iiretiminde 0.004527 tonluk bir artis sagladig: belirlenmistir.
Anahtar Kelimeler: fiyat, iiretim, findik, Koyck modeli, Tiirkiye

Examining the Relationship Between Hazelnut Production and Hazelnut Prices in
Tiirkiye
Abstract
In the research, Koyck model was used to determine whether there is a relationship between hazelnut
production and hazelnut prices. The period 1970-2021 was examined in the research, and hazelnut price was
included in the model as an independent variable and hazelnut production as a dependent variable. According to
the results of the created Koyck model, the correlation between hazelnut prices and hazelnut production amount
was determined as 0.616. In the research, it was determined that hazelnut prices affect hazelnut production, and
the time required for changes in hazelnut prices to cause a significant change in hazelnut production is 0.65
years. In addition, as of the examined period, it was determined that a 1 TL increase in hazelnut prices in the
current year led to an increase of 0.011532 tons in the production amount. It was determined that a 1 TL increase
in hazelnut prices in the previous period provided an increase of 0.004527 tons in hazelnut production.
Keywords: price, production, hazelnut, Koyck model, Tiirkiye

Giris

Findigin anavatan1 hakkinda bir¢ok yazar, tabiat bilgini ve tarih¢i degisik goriisler ileri
siirmiiglerdir. Arkeolojik kazilar M.O. 10000°’li yillarda findigin mezolitik diyetlerin bir parcasi
oldugunu kanitlamaktadir. Cin yazili kaynaklarinda M.O. 2838 yillarinda Cin'de yetistiriciliginin
yapildig1 ifade edilen findigin Tanri'nin insanlara ihsan eyledigi bes kutsal meyveden birisi oldugu
bildirilmektedir (FAEM, 2023).

Findik ¢ok iyi bir enerji kaynagidir, viicuda gii¢ ve enerji verir, beden ve zihin yorgunlugunu
giderir. Findik, kalp ve damar sagligi agisindan ¢ok faydalidir. Kolesterolii disiiriir, kalp ritmini
ayarlamaya yardime1 olur. Diizenli olarak her giin findik yemek kalp krizi gegirme riskini azaltmakta
cok etkilidir. Kansizliga iyi gelir, viicut ve kemik gelisimini destekler (Fiskobirlik, 2023).

Tiirkiye diinya findik {iretiminde %63.50’lik payla ilk sirada yer almaktadur. italya %7.86’Iik
payla ikinci, ABD %6.53’liik payla ii¢lincli ve Azerbaycan %6.28’lik payla dordiincii sirada yer
almaktadir (Cizelge 1).
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Table 1. World hazelnut production (2021)
Cizelge 1. Diinya findik iiretimi (2021)

Ulkeler
Tiirkiye
Italya
ABD
Azerbaycan
Giircistan
Sili

Cin

Iran
Fransa
Diinya

Uretim (ton)

684000.00
84670.00
70310.00
67630.20
46000.00
35291.28
24422.53
13613.19
12340.00

1077117.10

%
63.50
7.86
6.53
6.28
4.27
3.28
2.27
1.26
1.15
100.00

Kaynak: FAO, 2023.

Tirkiye’de yillar itibariyle findik iiretimi degerlendirildiginde iiretimde bir artis egiliminin
oldugu goriilmektedir. 2004 yilinda 350000 ton olan tiretim, 2022 yilinda 765000 tona yiikselmigtir

(Sekil 1).
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Figure 1. Hazelnut production in Tiirkiye by Years (tons)
Sekil 1. Tiirkiye’de yillar itibariyle findik tiretimi (ton)

Kaynak: TUIK, 2023.

Tiirkiye findik {iretiminde iller itibariyle bir degerlendirme yapildiginda Ordu ili %31.36’lik
payla ilk sirada, Samsun ili %14.60’lik payla ikinci sirada ve Sakarya ili ise %12.87°1ik bir payla

iiclincii sirada yer almaktadir (Cizelge 2).

Table 2. Important provinces in hazelnut production in Tirkiye (2022)

Cizelge 2. Tiirkiye’de findik iiretiminde 6nemli iller (2022)

iller

Ordu
Samsun
Sakarya
Giresun
Diizce
Trabzon
Zonguldak
Toplam

Uretim (ton)

239935
111701
98469
92305
83052
52461
33762
765000

%
31.36
14.60
12.87
12.07
10.86

6.86
4.41
100.00

Kaynak: TUIK, 2023

Tarim sektoriinde fiyat degisince arzin buna adapte olabilmesi i¢in bir iiretim déneminin
geemesi gerekmektedir. Bir liretim doneminin uzunlugu ise tarim sektdriinde genellikle bir yildir.
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Bazen bu siire ¢ok yillik bitkilerde oldugu gibi daha da uzun olabilir. Arzin bu sekil bir talep ve fiyat
degisikligine cevap verebilmesi i¢in, bir iiretim doneminin gegmesi zorunlulugu, arz edilen miktarin
bir y1l 6nceki (gecikmeli) fiyatlara bagli olmasindan kaynaklanmaktadir. Sonucta t doneminde iiretilen
tirtiniin arz miktar1 t-1 doneminin fiyatlarina baghdir (Karkacier, 1999).

Literatlir incelendiginde tarimsal iiriin ve tarimsal fiyat arasindaki iliskiyi, Koyck modeli,
Almon modeli veya Koyck-Almon modeli yardimiyla inceleyen ¢ok sayida arastirma bulunmaktadir.
Bu calismalardan bazilar1 Cizelge 3’te gosterilmistir.

Table 3. Researchs examining the relationship between agricultural products and agricultural prices
Cizelge 3. Tarimsal {iriin ve tarimsal fiyat arasindaki iligkiyi inceleyen arastirmalar

Yazar/Yazarlar Uriin Model
Abdikoglu ve Unakitan (2014) karpuz Koyck
Agazade (2021) pamuk Koyck
Arisoy ve Bayramoglu (2017) patates Koyck
Avcioglu ve Aksoy (2021) antepfistigt Koyck
Berk (2017) aycicegi Koyck
Celik (2015) koyun siitii Koyck-Almon
Celik (2014) kabuklu findik Koyck
Cobanoglu (2010) cilek Koyck-Almon
Cukur et al. (2023) ceviz Koyck
Dikmen (2006) tiitlin Koyck-Almon
Dogan et al. (2014) patates Koyck
Erdal ve Erdal (2008) kuru sogan Koyck
Erdal et al. (2009) patates Koyck
Erdal (2006) domates Koyck
Hasan ve Khalequzzaman (2015) sarimsak Koyck
Mbise (2016) misir Koyck
Ozbay ve Celik (2016) karpuz Almon
Ozgelik ve Ozer (2006) bugday Koyck
Ozsaym (2017) inek siitii Koyck
Turgut et al. (2023) aycicegi Koyck

Bu arastirma, Tiirkiye’de findik {iretimi ve findik fiyatlar1 arasindaki iliskiyi Koyck modeli
yardimiyla belirlemek amaciyla yiiriitiilmiistiir.

Materyal ve Yontem

Findik {iretimi ile findik fiyati arasindaki iligkinin belirlenmesinin hedeflendigi bu aragtirmada
Gecikmesi Dagitilmig (Distributed Lag) Koyck Modelinden yararlanilmistir. Arastirmada kabuklu
findik iretim miktar1 bagimli, kabuklu findik fiyati bagimsiz degisken olarak kabul edilmistir.
Aragtirmada kullanilan degiskenler 1970-2021 dénemini kapsamaktadir. Findik fiyatinin birimi
¢iftginin eline gegen fiyat (TL kg?), findik iiretim miktarinin birimi ise ton olarak alinmistir. Findik
iiretim miktar1 ve findik fiyatlarma ait zaman serileri TUIK veri tabanindan elde edilmistir (TUIK,
2023; TUIK, 2014).

Zaman serisi verileri kullanan regresyon modellerinde, model agiklayici degiskenlerin simdiki
degerlerinin yaninda, gecmis (gecikmeli) degerlerini de iceriyorsa bu sekildeki modellere gecikmesi
dagitilmis model denmektedir (Gujarati, 1999).

Koyck, gecikmesi dagitilmis modelleri tahmin etmek i¢in bir yontem onermistir. B'lerin
hepsinin ayni isaretli oldugunu varsayan Koyck, bunlarin geometrik olarak asagidaki gibi azaldigini
varsayar (Gujarati ve Porter, 1999).

Bk=Pork=0,1... @
Formiilde;
A (0<A<1): Gecikmenin azalma veya eksilme oranini

(1- 1): Ayarlama hizin1 gostermektedir.
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Ardisik her B katsayis1 uzak gecmise gidildikce sayisal olarak daha da azalmaktadir. Bu
gecikmenin Y; {lizerindeki etkisinin giderek kiigiildiiglinii ima eder ki, bu olduk¢ca makul bir
varsayimdir (Gujarati, 1999).

Koyck dizisinin su 6zelliklerine dikkat edilmesi gerekir (Gujarati ve Porter, 1999): (1) Koyck
A’ya negatif olmayan degerler vermekle B’larin isaret degistirmelerini engeller (2) A < 1 oldugunu
varsayarak, uzak fB'lara yakindakilere gére daha az agirlik tanimis olur ve (3) uzun dénem carpanini
veren [’larin toplaminin sonlu olmasini saglar. Yani;

0

1
Z B =5, (m) (2

i=0

Buna gore gecikmesi sonsuz model Esitlik 3’deki gibi ifade edilebilir (Gujarati ve Porter,
1999).

Y =0+ BoXeHBoAX 1 +HPoA? X+ . ... HPoA XUt (3)
Model bir donem geri ¢ekildiginde asagidaki sekle donlismektedir:

Y =0+ BoXe1+Bord X2+ Bor?Xeat. . ... HUra 4)
Model A ile ¢arpilirsa asagidaki sekle doniismektedir.

LY 1= Aot Bod X1 HBoA?X o HBoh 3 Xiat. ...+ AU (5)
Ytile AY¢1 farkt alinirsa (6) numarali esitlige ulagilir.

Y- AY1=(1-1) at+BoXi+(Ut1- Aut1)

Y=(1-0)atBoX A Y1 +Vy (6)

Bulgular ve Tartisma

Aragtirmada Oncelikle findik iiretim miktar1 ile findik fiyati arasindaki iliski incelenmistir.
Yapilan analiz sonucunda arastirmada findik fiyati ile findik iiretim miktar1 arasinda korelasyon
katsayis1 0.616 olarak hesaplanmistir. Bu korelasyon diizeyi, degiskenlerin Koyck modeli i¢in uygun
oldugunu gostermektedir. Konu ile ilgili yapilan benzer caligmalarda iiretim ile fiyat arasindaki
korelasyon katsayilari, Celik (2014) tarafindan kabuklu findikta 0.645, Ozgelik ve Ozer (2006)
tarafindan bugdayda 0.638 ve Hasan ve Khalequzzaman (2015) tarafindan sarimsakta 0.790
bulunmustur.

Aragtirmada 2 gecikme uzunlugunda en diisiik Schwarz kriteri degerine ulasilmistir (Cizelge
4). Bu sonug, findik fiyatlarinin findik iretimine olan etkisinin 2 y1l olacagi, 2. yildan sonra ise findik
fiyatinin, findik {iretimine olan etkisinin sifir olacagim gostermektedir. Benzer sekilde Agazade
(2021), Dogan et al. (2014), Mbise (2016) ve Turgut et al. (2023) tarafindan yiiriitiilen ¢alismalarda da
gecikme uzunlugu 2 yil bulunmustur.
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Table 4. Schwarz values for lag numbers
Cizelge 4. Gecikme sayilari itibariyle schwarz degerleri

Gecikme uzunlugu (k) Schwarz Kriteri Degeri
1 26.57596
2 26.57308
3 26.62230
4 26.69484
5 26.76431

Cizelge 5’de 2 gecikme uzunluguna gore findik iiretimiyle findik fiyati arasindaki iliski en
kii¢iik kareler yontemi ile belirlenmistir. Arastirma sonucu ulasilan model istatistiksel olarak kabul
edilebilir olup (p= 0.000026), R? ise 0.402457 olarak bulunmustur. Findik iiretimi ile findik fiyati
arasindaki iligki Esitlik 8’de gosterilmistir.

Qr = ag + BoPr + B1Pr—1 + u; (7)

Qt=386891+0.021068P+-0.020304P:.1+0.020664 P:. (8)

Table 5. The relationship between hazelnut production and hazelnut price according to the lag numbers
Cizelge 5. Gecikme sayilaria gore findik iiretimi ve findik fiyati iligkisi

Degisken Katsay1 Standart hata t-istatistigi Olasihik degeri
Sabit 386891.0 21163.25 18.28127 0.0000
Py 0.021068 0.011995 1.756383 0.0857
Pr1 -0.020304 0.018382 -1.104552 0.2751
Pr.2 0.020664 0.014506 1.424457 0.1611

R?=0.402457 F=10.32729 p= 0.000026

Kurulan Koyck modeli sonuglarina goére, tiim degiskenlerin (sabit, P, Q1) istatistiksel olarak
kabul edilebilir oldugu goriilmektedir (P<0.05). Model sonuglar1 incelendiginde, findik fiyatindaki 1
TL’lik yiikselis findik {iretiminde 0.011532 tonluk bir yiikselise neden olurken, bir donem 6nceki
findik iiretimindeki 1 tonluk yiikselis findik iiretiminde 0.392559 ton yiikselise neden olmaktadir

(Cizelge 6).

Table 6. The results of tke koyck model obtained
Cizelge 6. Elde edilen koyck modelinin sonuglari

Degisken Katsay Standart hata t-istatistigi Olasihik degeri

Sabit 235152.7 52918.38 4.443687 0.0001
Py 0.011532 0.003818 3.020309 0.0040
Q1 0.392559 0.129583 3.029407 0.0039

R?=0.475722 F= 21.77720 p= 0.000000

Ortalama gecikme = A/(1- A) formiilii yardimiyla hesaplanmistir. Degerler formiilde yerine
konmus ve 0.392559/(1-0.392559)= 0.65 sonucuna ulagilmistir. Elde edilen bu netice, findik
fiyatlarinda olusan degisikligin findik iiretimini hissedilir derecede etkileyebilmesi i¢in 0.65 yil
gecmesi gerektigini gostermektedir. Ortalama gecikme Berk (2017) tarafindan yiiriitiilen aragtirmada
0.1885, Erdal ve Erdal (2008) tarafindan yiiriitiilen arastirmada 1.19 ve Turgut et al. (2023) tarafindan
yiiriitiilen arastirmada 1.46 olarak bulunmustur.

Koyck modelini baz alarak, (8) nolu esitlige ulasmak i¢in asagidaki islemler yapilir. Koyck
modeli tekrar yazildiginda,

Q= +FR+1Q ;+y, 9)
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,Bk = ﬂoﬂk (10)

0 <A <1 oldugundan

Bo= 0.011532 A= 0.392559

B1 = Bor! =(0.011532)(0.392559) = 0.004527

B2 = BoA?= (0.011532)(0.392559)?=0.001777
ao= a/(1- L)= 235152.7/(1-0.392559)= 387120.2

Yukaridaki hesaplamalar yardimiyla elde edilen veriler, Koyck modeli kullanilarak
olusturulan denklemde yerine kondugunda Esitlik (12) elde edilir.

Qr = ag + BoPr + B1Pr—1 + B2Pr—z + us (11)
Qi=387120.2+0.011532 P+ 0.004527P:1 +0.001777 Py (12)

Esitlik 12’den de goriildiigii gibi, fiyatlardaki %1°lik degisme iiretimi %0.011532
artirmaktadir. 1 gecikme oldugunda (Pr.1) fiyattaki %1°lik degismenin, tiretimi %0.004527 oraninda, 2
gecikme oldugunda ise (Pi2) fiyattaki %1°lik degismenin, iiretimi %0.001777 oraninda artiracagi
belirlenmistir.

Sonuc ve Oneriler

Arastirmada 1970-2021 yillarim kapsayan donemde findik iiretim miktar ile findik fiyatlart
arasindaki iliski Koyck modeli yardimiyla incelenmistir. Gecikme uzunlugunun belirlenmesinde
Schwarz kriteri esas alinmis ve gecikme uzunlugu 2 bulunmustur. Findik tiretimi ile findik fiyati
arasindaki iliskinin incelendigi Koyck modelinde R? %47.6 olarak belirlenmis olup, elde edilen
modelin %1 diizeyinde anlamli oldugu saptanmustir. Findik iiretiminde findik fiyatlarinda ortaya ¢ikan
degisikligin iiretim bakimindan 6nemli ve farkedilebilir diizeyde bir etkiye neden olmasi icin gerekli
zamanin 0.65 yil oldugu saptanmstir. Elde edilen Koyck modeline gore, findik fiyatindaki 1 TL’lik
yiikselis findik tiretiminde 0.011532 tonluk bir yiikselise neden olurken, bir dénem oOnceki findik
iiretimindeki 1 tonluk yiikselis findik iiretiminde 0.392559 ton yiikselise neden olmaktadir.

Ciftciler ekim veya dikim zamaninda tarimsal iiriinlerin fiyatlarina tepkide bulunabilir. Eger
ekim doneminde tarimsal iirlinlerin fiyatlar1 yiiksekse ciftciler tarimsal iiretim alaninmi artirabilirler.
Aksine, ekim doneminde iirlin fiyat: diisiik olan tarimsal iirlinlerin ekim alanlar1 azaltilir. Arzin talebe
gecikmeli olarak cevap vermesi ve iliretimin hava kosullarinin etkisinde kalmasi, {iretimin ve buna
bagli olarak piyasanin kontroliinii giiclestirmektedir (Inan, 2001). Diger taraftan tarimsal iiretim doga
kosullarina bagli oldugundan risk ve belirsizliklerle karsi karsiya kalabilmektedir. Bu nedenle ¢iftgiler
etkin bir {iretim ve pazarlama organizasyonu kurarak s6z konusu risk ve belirsizliklere karsi tedbir
almalidir.

Aragtirmacilarin Katki Oram Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamis olduklarini beyan eder.

Cikar Catismasi Beyam

Makale yazarlari aralarinda herhangi bir ¢ikar catismasi olmadigini beyan ederler.

Not: Bu makale 15. Ulusal Tarim Ekonomisi Kongresinde (6-8 Eyliil 2023, Canakkale) poster bildiri olarak
sunulmus olup, 6zet bildiri kitabinda dzeti yayinlanmustir.
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Oz

Bu ¢alisma *0900 Ziraat’ kiraz ¢esidinde hasat sonras1 Metil Salisilat (MeSA) uygulamasinin depolama siiresince
meyve kalitesine olan etkisini belirlemek amaciyla yiiriitilmiistiir. Hasat edilen meyveler, iki farkli MeSA
dozunun uygulandigi (1 mM ve 2 mM) ve hi¢ uygulama yapilmayan (saf su) meyveler (Kontrol) olmak tizere 3
gruba ayrilmustir. {lk iki gruba ait meyveler 1 mM ve 2 mM MeSA iceren soliisyonlara 5 dk siire ile
daldirilmugtir. Kontrol grubu meyveleri ise ayni siire saf suya daldirilmigtir. Daldirma isleminden sonra tiim
meyveler, fazla suyun siiziilmesi i¢in 30 dk oda kosullarinda bekletilmistir. Tiim meyveler 1 giin siiresince 6n
sogutma iglemine tabi tutulmus ve 0+0,5°C sicaklikta ve %90+5 oransal nem igeren normal atmosfer
kosullarinda 35 giin siiresince soguk hava deposunda muhafaza edilmistir. Aragtirmada muhafaza siiresince 7
giin araliklarla, meyve eti sertligi (N), agirlik kayb1 (% g), suda ¢6ziiniir kuru madde miktar1 (%), titre edilebilir
asitlik (% malik asit), meyve kabuk rengi (L*,C*), fenolik bilesen (GAE mg 100g™), kiraz sap1 toplam klorofil
miktar1 (mg 100g™?) gibi kalite 6zellikleri incelenmistir. Caliymada MeSA uygulamasmm 2 mM dozu, hasat
sonrast ‘0900 Ziraat’ kiraz ¢esidinin muhafazasinda, 6zellikle meyve eti sertligi, suda ¢6ziiniir kuru madde
miktar1 ve meyve kabuk rengi iizerine olumlu sonuglar vermistir. Hasattan sonra baslangi¢ analizlerinde yapilan
Olciimlerde 2.671 N olan meyve eti sertligi, 35 glinliik muhafaza siiresinin sonunda kontrol uygulamasinda 0.906
N, 1 mM MeSA uygulamasinda 1.307 N ve 2 mM MeSA uygulamasinda ise 1.613 N degerinde tespit edilmistir.
2 mM MeSA uygulamasinin hasat sonrast meyve kalitesini korumada etkili doz oldugu belirlenmistir.

Anahtar Kelimeler: Prunus avium, 0900 Ziraat, Metil Salisilat, Sogukta Muhafaza, Kalite

Effects of Post-Harvest Methyl Salicylate Application on the Quality of **0900 Ziraat™
Cherry Cultivar During Cold Storage

Abstract
This study was conducted to determine the effect of post-harvest methyl salicylate application on fruit quality
during storage in "0900 Ziraat" cherry cultivar. The harvested fruits were divided into 3 groups: fruits to which
two different doses of methyl salicylate were applied (1 mM and 2 mM) and fruits to which no application was
applied (Control). Fruits belonging to the first two groups were immersed in solutions containing 1 and 2 mM
MeSA for 5 minutes. Control group fruits were immersed in pure water for the same period of time. After
dipping, all fruits were kept at room conditions for 30 minutes to drain excess water. All fruits were pre-cooled
for 1 day and stored in cold storage for 35 days under normal atmospheric conditions of 0£0.5 °C and 90+5%
relative humidity. In the research, fruit firmness (N), weight loss (% @), soluble solid content (%), titratable
acidity (% malic acid), fruit skin color (L*, C*), phenolic component (GAE mg 100g™?) and cherry stem total
chlorophyll amount (mg 100g!) were examined. In the study, 2 mM dose of methyl salicylate application gave
positive results in the preservation of "0900 Ziraat" cherry cultivar after harvest, especially on fruit firmness,
soluble solid content and fruit skin color. Fruit firmness, which was 2.671 N in the measurements made in the
initial analyzes after harvest, was determined to be 0.906 N in the control application, 1.307 N in the 1 mM
methyl salicylate application and 1.613 N in the 2 mM methyl salicylate application at the end of the 35-day
storage period. It was determined that 2 mM MeSA application was an effective dose to protect of post-harvest
fruit quality.
Keywords: Prunus avium, 0900 Ziraat, Methyl Salicylate, Cold Storage, Quality
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Giris

Kiraz (Prunus avium L.) Rosaceaec familyasina ait bir meyve tiiriidiir. Ana vatani
Karadeniz’den Hazar Denizi’ne kadar uzanmaktadir. Tiirkiye kirazin orijin merkezlerinden biri olarak,
diinyada kiraz iiretiminde onde gelen iilkelerden biridir. Kiraz erken olgunlasmasi, albenisi ve
lezzetinden dolay tiiketiciler arasinda oldukg¢a begenilen bir meyvedir. Klimakterik meyve grubunda
yer almadig1 ve hassas bir yapiya sahip oldugu i¢in, diger meyvelerde goriilen meyve eti sertliginin
azalmasi, agirlik kaybi, meyve kabuk rengi, aroma ve asitlik kayiplari, saplarda klorofil kaybi
(kahverengilesme) gibi kalite kriterlerinin daha hizl bir sekilde yitirilmesine neden olmakta ve bu da
muhafaza siiresini kisaltmaktadir (Alique ve ark., 2005; Yasar, 2017). Kiraz meyveleri yaz aylarinin
basinda, belli bir donemde olgunlasan bir meyve tiirtidiir. Bu sebeple hasat mevsiminde pazarda bir
y1g1lma meydana gelmektedir. Hasat sonras1 dayanim siiresi kisa oldugu i¢in, pazardaki arzi kisa siireli
olarak karsilanmaktadir. Bu da orantisiz fiyat dalgalanmalar ile sonuglanmaktadir. Pazardaki
yigilmanin 6nlenmesi ve fiyat orantisizliklarinin giderilmesi amaciyla muhafaza siiresinin uzatilmasi
ve kalitenin korunmasi biiyiilk 6nem tasimaktadir (Bal, 2012; Yasar 2017). Son yillarda giivenilir
gidaya olan talep arttig1 i¢in, hasat sonrasi kaliteyi korumak ve muhafaza siiresini uzatmak i¢in yapilan
uygulamalarin insan sagligina zararsiz giivenilir uygulamalar olmasi olduk¢a dnemlidir.

Son yillarda hasat sonrasi salisilat ve jasmonat uygulamalarina artan bir ilgi s6z konusudur
(Castillo ve ark., 2014). Metil salisilat (MeSA), bitki biiylime ve gelismesinde, bitki savunma
mekanizmasinda, c¢esitli abiyotik streslere karsi bitkinin verdigi tepkide ve meyve olgunlasma
siirecinde rol oynayan salisilik asitten sentezlenen ve tekrar salisilik aside doniisebilen ugucu bir
bitkisel bilesiktir (Hayat ve Ahmad, 2007; Kumar, 2014). Salisilik asit (SA), hastalik direng
mekanizmalar1 ve sistemik kazanilmig direng (SAR) gibi bitkilerin metabolizmasinda ¢esitli
diizenleyici rolleri olan ve ayrica tohum ¢imlenmesi, hiicre biiylimesi, stoma kapanmasi, abiyotik
strese tepkiler ve meyve verimi gibi diger gelisim 6zelliklerini etkileyen bir bitki hormonudur (Raskin,
1992; Vlot ve ark., 2009). Ayrica etilen sentezini ve hareketini inhibe ederek meyve olgunlagmasini
yavaglattigi ve derim sonrasi kalite Ozelliklerini korudugu Asghari ve Aghdam (2010) tarafindan
bildirilmistir. Hasat sonras1 MeSA ile yapilan uygulamalarda, hiicre duvar1 yapis1 ve hiicre zarlar1 lipid
peroksidatif hasarin neden oldugu islev bozuklugundan korunmak miimkiindiir. MeSA ile yapilan bazi
aragtirmalarda; Ornegin domates (Fung ve ark., 2006) ve mango (Han ve ark., 2006) meyvelerinde
iisiime zarar1 azaltilmistir. Ote yandan, nar meyvelerinde meyve sertligi, toplam suda ¢oziiniir kuru
madde (TSS) ve toplam asitlik (TA) gibi meyve kalitesi ile ilgili diger parametreler de MeSA
uygulanan meyvelerde korunurken, kontrol grubu meyvelerinde 6nemli kayiplar meydana geldigi
Sayyari ve ark. (2011) tarafindan bildirilmistir.

Bu ¢alismada, tilkemizde ihracat potansiyeli agisindan yiiksek 6nemi olan <°0900 Ziraat’’ kiraz
cesidinde, kimyasal uygulamalara alternatif bir uygulama olan metil salisilatin (MeSA) farkli
dozlarmin, muhafaza siiresi ve kalite kriterlerine etkisi incelenmistir.

Materyal ve Yontem

Bitkisel materyal

Calismada bitkisel materyal olarak Canakkale Lapseki Ilgesi’nin Umurbey Beldesi’nde
bulunan f{iretici bahgesinden ticari olum asamasinda hasat edilen ‘0900 Ziraat’ kiraz ¢esidi
kullanilnugtir. Uretimi her yil hizla yayilmakta olan gegci bir gesit olan ‘0900 Ziraat® kiraz cesidi
iilkemizin en 6nemli kiraz c¢esididir. Meyveleri iri, yuvarlak¢a kalp seklinde, meyve kabuk rengi
parlak ve ¢ok koyu kirmizi, meyve eti sert, sulu, tatli olup ¢ok yiiksek kalitelidir (Engin ve Unal,
2006).

Yontem

Hasattan sonra meyveler hizl bir sekilde Canakkale Onsekiz Mart Universitesi Bahce Bitkileri
Boliim Laboratuvarina getirilmis ve hasarli meyveler ayiklanmistir. Kalan meyveler uygulamalar
yapilmak iizere 3 gruba (Kontrol, 1 mM MeSA, 2 mM MeSA) ayrilmistir. Ik grup meyveler (Kontrol)
5 dk siire ile saf su igerisinde bekletilmistir. Ikinci ve iigiincii gruplara ait meveler ise sirastyla MeSA
uygulamasmin 1 ve 2 mM Iik dozlarini igeren soliisyonlara ayni siire ile daldirilmistir. Daldirma
isleminden sonra fazla suyun siiziilmesi amaciyla meyveler 30 dk oda kosullarinda beklemeye
birakilmis ve ardindan meyveler tartilarak 500’er gramlik kaplara yerlestirilmistir.

Meyveler, 1 giin siire ile 6n sogutma islemine tabi tutulmustur. On sogutma isleminden sonra
meyveler, 0+0,5°C sicaklikta ve %90+5 oransal nem igeren normal atmosfer kosullarinda 45 giin

261



COMU Zir. Fak. Derg. (COMU J. Agric. Fac.) Aragtirma Makalesi
Research Article

stiresince soguk hava deposunda muhafaza edilmistir. Hasattan sonra baslangi¢ analizleri yapilmis ve
muhafaza siiresi boyunca uygulamalarin etkisini incelemek amaciyla 7 giinde bir (7, 4, 21, 28, 35) bazi
kalite parametreleri incelenmistir.

Arastirmada incelenen kriterler

Meyve eti sertligi (MES), Chatillon marka penetrometre ile N cinsinden 6l¢iilmistiir. Meyve
agirlik kayiplari 0.01g hassasiyette Ol¢lim yapan hassas terazi ile deneme baslangicinda tartilip,
numaralandirilan meyve kaplarindan % g olarak belirlenmistir. Meyve suyunun i¢indeki toplam suda
¢oziinebilir kuru madde (SCKM) el refraktometresi (Hanna HI 96801 Refractometer, Romania) ile
Olciilmiistiir. TA Olclimleri icin meyveler bir homojenizator yardimi ile parcalanmistir. Homojen
meyve piiresinden elde edilen meyve suyundan 10 ml 6rnek alinmis ve saf su ile 50 ml’ye
tamamlanmustir. Bu ¢ozelti, manyetik karigtirict (Benchmark Scientific H3760-HSE-UK) ve dijital
pH-metre (Milwaukee Mi 150, Romania) kullanilarak 0.1 N NaOH ile pH 8.1 oluncaya kadar titre
edilmistir. Harcanan NaOH miktar1 folmiilde yerine yerlestirilerek hesaplanmustir.

) . SXNXFXE
Malik Asit (%) = B — x 100

S: Harcanan baz miktar1 (mL)

N: Harcanan bazin normalitesi

F: Harcanan bazin faktorii

E: Asidin equivalent degeri (malik asit=0.067)

C: Ornek miktar1 (mL)

Meyvelerin meyve kabuk rengini belirlemek ig¢in, meyvenin ekvator bélgesinde; her iki
yanaktan okuma yapilmistir. CIE L* ve C* renk degerleri kromometre ((Minolta CR 400, Japan) ile
Olclilmiistiir.

Toplam fenolik bilesen tayini, Singleton and Rossi (1965) tarafindan tanimlanan Folin-
Ciocalteu yontemine gore yapilmistir. Bu yontemin ilkesi, fenolik bilesiklerin alkali ortamda Folin-
Ciocalteu aymracini indirgeyip, kendilerinin oksitlenmis forma doniistiigii bir redoks reaksiyonuna
dayanmaktadir. Folin ayiract ile muamele edildikten sonra olusan mavi renk, spektrofotometrede
(Shimadzu UV-1800 240V Japan) 720 nm dalga boyunda Folin sahitliginde okunmustur. Ornekte
Olciilen absorbans degerinin gallik asit cinsinden esdegeri olan fenolik bilesik miktari, gallik asit ile
hazirlanmis olan standart kurvenin denkleminden hesaplanmustir. Ornekteki toplam fenolik bilesik
miktar1 mg gallik asit/L cinsinden ifade edilmistir. Kiraz sap1 toplam klorofil miktari, Zhao ve ark.
(2021), tarafindan belirtilen yontem ile modifiye edilerek olciilmiistiir. Kiraz meyvelerinin sapindan 1
g sap Ornegi tartilmistir. Tartilan 6rnekler porselen havanlarda 6nce 15 ml %85 aseton ¢ozeltisinde
homojen olarak pargalanmigtir. Karisim yesil renk alana kadar isleme devam edilmistir. Daha sonra
filtre kagidi ile siizme islemi yapilmistir. Porselen havanda kalan 6rnege tekrar 10 ml %85 aseton
cozeltisi ilave edilerek isleme devam edilmistir. Son siizme islemi yapilip klorofil a ve klorofil b’nin
absorbans degeri, sirasiyla 663 ve 645 nm dalga boyunda %85 aseton c¢ozeltisi sahitliginde
spektrofotometre (Shimadzu UV-1800 240V Japan) cihazinda dlglilmiis ve asagidaki formiile gore
toplam klorofil miktar1 g/kg olarak ifade edilmistir.

Toplam Klorofil (mg/100g) = 8.02 (A663) + 20.2 (A645)

Istatistiksel analizler

Calisma, tesadif parselleri deneme desenine gére 3 tekerriirlii olarak kurulmus ve her
tekerriirde 100 g meyve kullanilmigtir. Calisma sonunda elde edilen veriler SAS istatistik paket
programi yardimiyla varyans analizine tabi tutularak, Asgari Onemli Fark (AOF) ¢oklu karsilastirma
testiyle p<0,05 diizeyinde degerlendirilmiglerdir. Ortalamalar arasindaki farkliliklar LSD testi ile SAS
programi (SAS, 2019) tarafindan belirlenmistir.

Bulgular ve Tartisma

Muhafaza siiresince ‘0900 Ziraat’ kiraz ¢esidinde yapilan analizler sonucunda kalite
kriterlerindeki degisimler tiim uygulamalara gore farklilik gostermistir. Uygulamalar, muhafaza siiresi
ve uygulamalar*siire interaksiyonu agisindan titre edilebilir asitlik (TA) degerleri diginda yapilan diger
olgtim ve kalite parametrelerinde istatistiki olarak (p<0,05) farklilik goriilmiistiir.
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Mubhafaza siiresi ortalamalar incelendiginde, depolama siiresinin uzamasiyla birlikte MES
degerlerinde azalma meydana gelmis ve hasattan sonra baglangi¢ analizlerinde 2.67 N olarak 6l¢iilen
MES degeri 35 gilinlik muhafaza sonunda sirasiyla Kontrol grubunda 0.9 N, 1 mM MeSA
uygulamasinda 1.31 N ve 2 mM MeSA uygulamasinda 1.61 N degerinde Ol¢iilmiistiir. Meyve eti
sertligi, kirazin tiiketici tarafindan tercih edilmesi bakimindan en 6nemli kalite kriterlerinden biri
oldugundan iyi kaliteye sahip meyvelerde, sertligin yiiksek ve meyve etinin gevrek olmasi
istendiginden (Valero, 2013), MES degeri agisindan 2 mM MeSA uygulamasinin 6ne ¢iktigi tespit
edilmigtir. Meyvelerde olgunlasma ile birlikte solunum hiz1 artmakta ve bununla paralel biyokimyasal
olaylar da hizlanmaktadir. Poligalukturonaz, pektin esteraz, selillaz ve [-galakturonaz enzim
faaliyetlerinin artmasi ile hiicre c¢eperinin yapisinda bulunan pektin, hemiselilloz ve seliiloz
parcalanmakta ve hiicre yapisi bozulmaktadir. Tiim bunlar olgunlagsma ve yaslanma ile daha hizl
gergeklesmekte ve bununla paralel meyve eti sertligi de ayni oranda azalmaktadir (Karagali, 2006;
Barrrelt ve Gonzalez, 1994; Fischer ve Bennett, 1991). Benzer sekilde olgunlagma artisiyla solunum
hizinin arttigin belirten Karagali (2006), Barrelt ve Gonzalez (1994), Fischer ve Bennett (1991) ile
paralel sekilde 2 mM MeSA uygulamasinin meyve eti sertligini korumada kontrol ve 1 mM MeSA
uygulamalarindan daha iyi sonug verdigi goriilmiistiir.

Cizelge 1. ‘0900 Ziraat’ Kiraz ¢esidine ait meyvelerde hasat sonrasi farkli dozlarda MeSA uygulamasinin
muhafaza siiresi boyunca meyve eti sertligi, agirlik kaybi, TSS ve TA degerlerindeki degisimi

Table 1. Changes in fruit firmness, weight loss, SCKM and TA values during the storage period of different
doses of MeSA application post-harvest in fruits of ‘0900 Ziraat' cherry cultivar

Uygulama 0.Giin 7. Giin 14. Giin 21. Giin 28. Giin 35. Giin ORT
o £ Kontrol 2.67a 2.06C 1.70fg 1.36h1 1.18] 0.90k 1.64C
Q %o 1 MeSA 2.67a 2.32b 1.80e 1.629g 1.41h 1.311 1.85B
g g 2 MeSA 2.67a 2.59a 2.12¢ 1.92d 1.74ef 1.61g 2.11A
@n ORT 2.67A 2.32B 1.87C 1.63D 1.44E 1.27F -
LSDsURE:0.1075 LSDUYGULAMA =0.076 LSDUYG*s(‘JRE:O.Ong
- Uygulama 0.Glin 7. Giin 14. Giin 21. Giin 28. Giin 35. Giin ORT
=
E,\ Kontrol 0.001 0.79fg 1.42de 2.10c 2.72b 3.73a 1.79A
RS 1 MeSA 0.001 0.60gh 0.87f 1.42de 1.92c 2.85b 1.28B
= 2 MeSA 0.001 0.44h 0.62gh 1.25e 1.61d 2.04c 0.99C
f‘;" ORT 0.00F 0.61E 0.97D 1.59C 2.08B 2.87TA -
LSDsURE=0.2541 LSDUYGULAMA=0-1797 LSDuyg*sURE=0.209
E o Uygulama 0.Glin 7. Giin 14. Giin 21. Giin 28. Giin 35. Giin ORT
3 S “Kontrol 156531 20071 233lef  2753c  2892b  2954a  24.15A
8 = ;\3 1 MeSA 15531 17.55j 19.541 21.88g 23.82e 25.18d 20.58B
= o — 2MeSA 15.53 1 16.18 k 17.73j 19.821 20.95h 22.85f 18.84C
E Z ORT 1553F  17.93E  20.19D  23.08C  2456B  25.86A -
LSDsURE:1.2119 LSDUYGULAMA:0.857 LSDUYG*S(JRE:O.SSOS
Lo Uygulama 0.Giin 7. Giin 14. Giin 21. Giin 28. Giin 35. Giin ORT
=3
ﬁ %,,\ Kontrol 0.115a 0.105b 0.092de 0.089%e 0.083fg 0.074h 0.093B
5~ 1MeSA 0.115a 0.107b 0.095d 0.091e 0.084f 0.076h 0.094B
'}ﬂ = = 2 MeSA 0.115a 0.111a 0.100c 0.096¢d 0.090e 0.080g 0.098A
.E z ORT 0.115A 0.108B 0.095C 0.092D 0.086E 0.077F -

LSDsURE=0.0022 LSDUYGULAMA=0-0015 LSDUYG*sﬂRE=0.OO37

O.D.: Onemli degil (p>0,05); ORT: Ortalama; LSD: Asgari Onemli Farklihk **harfler uygulamalar ve siireler arasinda
istatistik farkliliklar1 belirtmektedir.

Meyve agirligi depolama siiresi boyunca, yaslanma ve su kaybi nedeniyle azalmakta
oldugundan SCKM degeri artmaktadir (Yunusoglu ve Ekinci, 2023). Arastiricilarin belirttigi bu
SCKM igerigindeki artis, MeSA uygulamasiyla kontrole oranla, baskilanmistir. 2 mM MeSA
uygulamasi, diger uygulamalara kiyasla SCKM degerini daha az oranda yiikseltmistir. Hem agirlik
kaybinin baskilanmasinda, hem de SCKM degerinin korunmasinda en basarili sonug¢ 2 mM MeSA
uygulamasindan elde edilmistir. Muhafaza siiresinin sonunda kontrol uygulamasinda %3.73, 1 mM
MeSA uygulamasinda %2.85 ve 2 mM MeSA uygulamasinda ise %2.04 oraninda agirlik kayb1 oldugu
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gbzlenmistir. Baglangi¢c Ol¢iimlerinde %15.531 degerinde olan SCKM degeri, muhafaza siiresinin
sonunda en yiiksek kontrol uygulamasinda (%29.54) ve en diigiik de 2 mM MeSA (%22.85)
uygulamasinda ol¢iilmiistiir (Cizelge 1). Gimenez ve ark. (2014)’nin kiraz meyvelerinde yaptiklar
hasat sonrasi uygulamalarda, olgunlasma ile beraber agirlik kayiplarinda bulgularla benzer sonug elde
edilmistir. Yaglanmayla birlikte solunum hiz1 artar ve solunumda organik asitler kullanilir, bu da TA
degerini diisiiriir (Diindar ve ark., 1997; Ozkaya ve ark., 2005) ifadesinin aksine 2 mM MeSA
uygulamasi olgunlasmay1 yavaslatmis ve baglangigta belirlenen titre edilebilir asitlik (TA) degerini
korumustur. Bu istenen bir durumdur ve bunu saglayan doz 2 mM MeSA uygulamasidir. Baslangic
Olgtimlerinde 0.115 g/100 ml olan TA degeri; depolama siiresinin sonunda kontrol ve 1 mM MeSA
uygulamasinda 0.07 g/100 ml, 2 mM MeSA uygulamasinda ise 0.08 g/100 ml olarak Sl¢iilmiistiir.
Hasat sonras1 kiraz meyvesine salisilik asit (SA) uygulayan Yasar (2017) ile bulgular paralel
bulunmustur.

Meyvelerde muhafaza siiresince meydana gelen olgunlagma ve yaslanma ile meyve kabuk
rengi parlakliginda ve canliliginda azalmalar meydana gelebilmektedir. Yapilan uygulamalar ile
muhafaza siiresince kabuk parlakligi ve canliliginin baslangic degerlerine goére korunas’
amaclanmaktadir. Calismada, baslangicta 23.47 degerinde olan meyve kabuk parlakligi (L*) muhafaza
siiresince azalmaya devam etmis ve 35 giinliik muhafaza siiresinin sonunda kontrol uygulamasinda
17.45, 1 mM MeSA uygulamasinda 19.24 ve 2 mM MeSA uygulamasinda 19.42 degerinde tespit
edilmistir (Cizelge 2). Meyve kabuk rengi canlilik degeri (C*) incelendiginde ise baslangicta 19.71
olarak olgiilen deger, muhafaza siiresi sonunda kontrol uygulamasinda 9.91, 1 mM MeSA
uygulamasinda 10.31, 2 mM MeSA uygulamasinda 11.64 olarak belirlenmistir (Cizelge 2). Kiraz
meyvelerinin gelisim asamasinda antosiyanin birikimi ile olgunluk ve kalitenin en O6nemli
kriterlerinden biri olan meyve kabuk rengi degismektedir. Kabuk renginin parlak ve geside 6zgii renk
araliklarinda olmasi, kiraz meyvelerinin tiiketici tarafindan tercih edilme nedenlerinden biridir (Alonso
ve Alique, 2006; Wani ve ark., 2014). Yasar (2017), SA uygulanan kirazlarda hasat sonrasi
olgunlagma ile beraber meyvelerde L* ve C* degerlerinde azalma meydana geldigi bildirilmistir..

Cizelge 2. 0900 Ziraat kiraz c¢esidine ait meyvelerde hasat sonrast farklt dozlarda MeSA
uygulamasinin muhafaza siiresi boyunca meyve kabuk rengindeki L* ve C* degerlerindeki degisimi
Table 2. Change in the L* and C* values of fruit skin color during the storage period of post-harvest
MeSA application at different doses in fruits of cherry cv. 0900 Ziraat

_ Uygulama 0.Giin 7. Giin 14. Giin 21. Giin 28. Giin 35.Giin ORT
=
—‘:ﬁ 5 Kontrol 23.47a 22.34abc 21.92bc 20.12de 19.84de 17.45f 20.85B
E 20 1 MeSA 23.47a 23.33a 22.95ab 22.74ab 20.39de 19.24e 22.02A
&R/ 2MeSA 23.47a 23.36a 23.32a 22.80ab 21.12cd 19.42¢ 22.25A
5 ORT 23.47A 23.01A 22.73A 21.89B 20.45C 18.70D -
LSDsURE:0.7779 LSDUYGULAMA:0-55 LSDuyg*s(jRE:l.Zgg
Uygulama 0.Glin 7. Glin 14. Giin 21. Giin 28. Giin 35. Giin ORT
]
© = Kontrol 19.71a 14.19cd 13.96¢cd 12.56de 12.04de 9.91e 13.73B
g )gn 1 MeSA 19.71a 15.97bc 15.81c 12.34de 12.34de 10.31e 14.38B
o= 2MeSA 19.71a 18.82ab 16.59bc 15.69¢c 14.38cd 11.64de  16.14A
X ORT 19.71A 16.33B 15.45B 13.53C 12.86C 10.62D -
LSDsURE:1.5999 LSDUYGULAMA:1-1313 LSDUyg*sﬂRE:2.8497

O.D.: Onemli degil (p>0,05); ORT: Ortalama; LSD: Asgari Onemli Farklilik **harfler uygulamalar ve siireler arasinda
istatistik farkliliklar1 belirtmektedir.

Calismada muhafaza siiresince toplam fenolik bilesenler incelenmis ve depolama boyunca
artty gosterdigi belirlenmistir. Baslangigta 147.80 mg gallik asit/L olan deger; depolama siiresinin
sonunda en fazla kontrolde (228.43 mg gallik asit/L) artig gostermistir. Kontrol uygulamasini sirasiyla
1 mM MeSA uygulamasi 227.03 mg gallik asit/L degeri ve 2 mM MeSA uygulamasi 211.16 mg gallik
asit/L degeri ile takip etmistir (Cizelge 3). Kirazlarda genel olarak muhafaza siiresince toplam fenol
miktarinda artisin meydana geldigi ve bu artigin olgunlukla baglantili oldugu bildirilmektedir (Serrano
ve ark., 2009). Kontrol grubu meyvelerde de, ayn1 sekilde artis gosterirken, MeSA uygulamalari, bu
degerlerdeki artis1 diisiirmiistiir. Ozellikle MeSA dozu artinca, daha da etkili olmustur.
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Ayrica sap klorofil miktar1 6l¢iimleri incelendiginde, muhafaza siiresince yaslanma ile beraber
sap klorofil miktarinda azalma gerceklestigi goriilmistiir. Muhafaza baslangicinda 41.87 mg 100g™*
degerinde oOlgiilen kiraz sap1 klorofil miktar1 muhafaza siiresinin sonunda, kontrol meyvelerinde en
diistik degerde (17.83 mg 100g?) goriilmiistiir. Bu degeri sirastyla 1 mM MeSA (19.93 mg 100g?) ve 2
mM MeSA (20.91 mg 100g™) uygulamalari takip etmistir (Cizelge 3). Kiraz sap1 klorofil miktarini
baglangi¢ degerine gore koruyan en etkili doz 2 mM MeSA uygulamasi olmustur. Kirazin diger
meyvelere oranla daha ince bir epidermis ve kiitikiila tabakasina sahip olmasi nedeniyle su kaybina
sekiz kat daha hassas oldugu bildirilmektedir (Chockchaisawasdee ve ark., 2016; Gholami ve ark.,
2010; Yasar, 2017). Kiraz meyvelerinde uygulama yapilmayan kontrol meyvelerinde en diisiik degerin
elde edilmesi, MeSA uygulamalariin da bu durumu engelledigi sonucuna varilmaktadir.

Cizelge 3. 0900 Ziraat’ Kiraz g¢esidine ait meyvelerde hasat sonrasi farkli dozlarda MeSA uygulamasinin
muhafaza siiresi boyunca meyvedeki toplam fenolik bilesen miktar1 ve kiraz sapi toplam klorofil miktari
degerlerindeki degisimi

Table 3. change in the total phenolic component in the fruit and the total chlorophyll in the cherry stem during
the storage period of post-harvest MeSA application at different doses in fruits of the cherry cv. 0900 Ziraat

x5 Uygulama 0.Giin 7. Giin 14. Giin  21. Giin  28. Giin 35.Giin ORT
S &9
ff) § S Kontrol 147.80h 170.13g 192.96ef  205.20de 224.56abc  228.43a 194.85A
£ cg” 1 MeSA 147.80h 166.30g 189.66f 191.73ef  213.23bcd  227.03ab  189.06A
‘_g_ z E 2 MeSA 147.80h 151.26h 186.60f 189.66f 209.86¢d 211.16cd 182.72B
S E o) ORT 147.80D 162.56C 189.28B  195.53B  215.88A 222.21A -
LSDsyrp=8.4242 LSDuveuLama=5.9568 LSDyye*sore=14.997

= Uygulama 0.Giin 7. Giin 14. Giin  21.Giin  28. Giin 35.Giin ORT
= o &
Eg %: Kontrol 41.87a 30.28d 29.81de 28.04f 24.34h 17.83j 28.69C
N e E 2 1MeSA 41.87a 34.67b 30.16d 28.86¢ef 26.61g 19.931 30.35B
2829 2MeSA 41.87a 35.58b 34.69b 31.63c 28.10f 20911 32.13A
%2> TORT 41.87A  3351B 31.55C  2951D  26.35E 19.56F -

= LSDsURE:1.0935 LSDUYGULAMA:0-7732 LSDUyg*sURE:1.1425

O.D.: Onemli degil (p>0,05); ORT: Ortalama; LSD: Asgari Onemli Farklihk **harfler uygulamalar ve siireler arasinda
istatistik farkliliklar1 belirtmektedir.

Sonuc ve Oneriler

Kiraz meyveleri muhafazasinda farkli dozlarda MeSA uygulanan meyvelerin uygulama
yapilmayan meyvelerden daha kaliteli bir sekilde depolandig: tespit edilmistir. MeSA uygulamalarinin
hasat sonrasi yaslanma ve olgunlasma asamasinda meyvede olusan stres mekanizmasini olumlu
etkiledigini gostermistir.

Ozellikle 2 mM dozundaki MeSA uygulamasi; meyve eti sertligini korumada en etkili
uygulama olmustur. Clinkii MES, meyveye gevreklik katmasi sebebiyle tiiketici tarafindan tercih
edilen en onemli kalite kriterlerinden biridir. Baglangi¢ analizlerinde yapilan dl¢iimlerde 2.671 N olan
meyve eti sertligi, 35 gilinliik muhafaza siiresinin sonunda 2 mM MeSA uygulamasinda 1.613 N
degerinde tespit edilmistir.

Diger 6nemli kalite kriteri meyve kabuk parlakligi olup, meyvenin albenisinin yiiksek ve taze
oldugunu tiiketiciye gostermektedir. MeSA uygulamalarinin kontrol uygulamasina kiyasla meyve
kabuk parlakligin1 korudugu tespit edilmistir. Ayrica baglangigta Olglilen L* degerini (23.47)
korumada en basarili dozun 2 mM MeSA (19.42) oldugu goriilmiistiir.

Bir bagka kalite gostergesi de kiraz sapinin yesil rengini korumasidir. Bu amagla denemede
yapilan kiraz sap1 toplam klorofil miktar1 6l¢iimlerinde; muhafaza baslangicinda 41.87 mg 100g™ olan
deger en az kayipla; 2 mM MeSA (20.91 mg 100g*) uygulamasina aittir.

Tiim kriterler g6z ontine alindiginda en basarili dozun 2 mM MeSA uygulamasina ait oldugu
ve bundan sonra yapilacak olan hasat sonrasi ¢aligmalarla, farkli tiir ve ¢esitlerde de arastirilmasinin
yerinde olacag diislintilmiistiir.

Tesekkiir

Bu caligma Recep Tayyip Erdogan Universitesi VIII. Bahge Uriinlerinde Muhafaza ve Pazarlama Sempozyumunda
6zet bildiri olarak sunulmustur.
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Arastirmacilarin Katki Oram Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamis olduklarini beyan eder.

Cikar Catismasi Beyam

Makale yazarlar aralarinda herhangi bir ¢ikar catismasi olmadigini beyan ederler.
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Abstract

Kilis goat is an important local gene source in terms of fertility and milk yield and its original breeding
area is Kilis, Adana, Gaziantep and Hatay provinces in Tiirkiye. This study was carried out to determine the
reproductive and growth characteristics of primiparous Kilis goats and their adaptation to high-altitude
mountainous areas (altitude 1550 m). A total of 120 Kilis goats from four different farms in Konya province
were used in the study in 2019. Among the reproductive traits of Kilis goats, birth rate, litter size at birth, litter
size at weaning, twinning rate and survival rate were found to be 92.5%, 1.25, 1.11, 25.1% and 88.2%,
respectively, and the difference between the flocks were not statistically significant (P>0.05). Most of the births
occurred between 06:00 and 09:00 during the day (P<0.05). The effects of flock, gender, type of birth and month
of birth on the growth characteristics of goats were found to be significant (P<0.05). Birth weight, 1-month, 2-
month, 3-month, 6-month and yearling live weights of Kilis kids were 2.91 kg, 6.6 kg, 10.9 kg, 14.2 kg, 19.3 kg
and 22.8 kg, respectively. The effect of birth type and month of birth (P<0.01) on the live weight gain of Kilis
goats from postpartum to the mating period was found to be significant and the average increase was 4.1 kg. In
conclusion, although some of the reproductive and growth performances of the Kilis goat in mountainous areas
are somewhat lower than in the original area, relatively good values were still observed, which shows that this
breed is well adapted to mountainous areas. It should also be noted that the goats in the study were primiparous
goats.
Keywords: Adaptation, birth time, birth month, growth traits, Kilis goat, reproduction.

flkine dogum yapan Kilis Kegilerinin Ureme ve Biiyiime Ozelliklerinin Yiiksek Rakimh
Daghk Alanlara Adaptasyonu
Ozet

Tiirkiye'de, Kilis kegisi dol ve siit verimi bakimindan 6nemli bir yerel gen kaynagi olup, orijinal
yetistirme alani Kilis, Adana, Gaziantep ve Hatay illeridir. Bu ¢alisma, ilkine dogum yapan Kilis kecilerinin
ireme ve biliylime Ozelliklerinin yiiksek rakimli daglik alanlara (rakim 1550 m) adaptasyonlarini belirlemek
amaciyla yapilmistir. Calismada 2019 yilinda Konya ilindeki dort farkl ¢iftlikten toplam 120 bas Kilis kegisi
kullanilmustir. Kilis kecilerinin iireme 6zelliklerinden dogum orani, dogumda yavru sayisi, siitten kesimde yavru
sayisl, ikizlik orani ve yasama giicii sirastyla %92.5, 1,25, 1,11, %25,1 ve %88,2 olarak bulunmus olup, siiriiler
arasindaki fark istatistiksel olarak onemli degildir (P>0,05). Dogumlarin ¢ogu giin i¢inde 06:00 ile 09:00 saatleri
arasinda gergeklesmistir (P<0.05). Siirii, cinsiyet, dogum tipi ve dogum aymin oglaklarin biiyiime 6zellikleri
iizerindeki etkileri onemli bulunmustur (P<0.05). Kilis oglaklarmin dogum agirhigy, 1. ay, 2. ay, 3. ay, 6. ay ve 1
yas agirliklar sirasiyla 2.91 kg, 6.6 kg, 10.9 kg, 14.2 kg, 19.3 kg ve 22.8 kg'dir. Kilis kegilerin dogum sonrasi
donemden ciftlesme donemine kadar canli agirlik artis1 {izerine dogum tipi ve dogum aymnin (P<0.01) etkisi
onemli bulunmus ve ortalama artis 4.1 kg olmustur. Sonug olarak, Kilis kegisinin daglik alanlardaki bazi lireme
ve bilyiime performanslar1 orijinal alana gore biraz daha diisiik olsa da, yine de nispeten iyi degerler
gozlemlenmistir, bu da bu irkin daglik alanlara iyi adapte oldugunu gostermektedir. Caligmadaki kecilerin ilkine
dogum yapan kegciler oldugu da unutulmamalidir.

Anahtar Kelimeler: Adaptasyon, dogum zamani, dogum ayi, biiyiime 6zellikleri, Kilis kegisi, tireme.
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Introduction

Goats are one of the most widely farmed livestock species in many different regions of the
world due to their ability to adapt to different climatic and environmental conditions (Erduran, 2021;
Alvarez et al., 2023). Reproductive, viability and yield traits are the determining factors in the
adaptation of animals to different regions (Boztepe, 2015 Erduran, 2017; Castillo-Zuiiga et al., 2022).
Genotype, geographical structure, climate change, production system, direction of yield, care and
feeding are among the most important factors influencing the adaptability of animals (Téli, 2010;
Erduran and Dag, 2021; Akbas et al., 2023; Koluman, 2023).

Dairy goat breeding has become an economically significant animal production sector in
recent years due to its diverse range of features, such as human health benefits, and its contribution to
cheese and ice cream production (Alvarez et al., 2023; Erduran, 2023b). The first scientific researches
on the development of dairy goat breeding in Tiirkiye mainly focused on the Aegean, Mediterranean
and Marmara regions (Sengonca et al., 2003; T6ld, 2010; Erduran, 2017; Keskin et al., 2017).
However, in recent decades, it has also been intensified in Central Anatolia and Central Black Sea
regions (Celik and Olfaz, 2018; Erduran, 2022, 2023a). In these studies, Alpine and Saanen breeds,
which are exotic dairy breeds, and Kilis and Malta breeds, which are domestic dairy breeds, have been
used primarily. In addition, in recent decades, selection studies have been carried out by the Ministry
of Agriculture and Forestry for the breeding of Hair goat, Ankara goat, Turkish Saanen goat and Kilis
goat (Erduran, 2017). As a result of these studies, dairy goat breeding is becoming more widespread in
Tiirkiye and provides significant contributions to both the national economy and producer income.

Goat breeding is carried out in accordance with the climatic and geographical conditions of the
country, generally based on pastures in and around forests in Tiirkiye (Ocak, 2016; Erduran, 2017).
There are approximately 12 million goats in Tirkiye, and 90 percent of these goats are Hair goats
(TURKSTAT, 2022). However, milk and fertility yields are not at the desired level in the pasture-
based breeding system (Celik and Olfaz, 2015; Atay and Gokdal, 2016; Erduran, 2021). Kilis goat is
an indigenous goat breed adapted to warm climatic conditions that is known for its fertility and milk
yield in the southeast of Tirkiye, generally in Kilis, Gaziantep, Hatay, and Sanlwurfa provinces
(Daskiran and Yilmaz, 2018; Ozdemir and Keskin, 2018). Interest in dairy goat breeding is increasing
day by day in parallel with the increase in demand for processing goat milk and dairy products in the
Central Anatolia Region (Erduran, 2017).

In this study, phenotypic parameters of some yield and adaptation criteria of primiparous
Kilis goats brought from Kilis province to Doganhisar district of Konya province were investigated
under breeder conditions. In this context, the effects of some environmental factors on the fertility and
live weight changes of Kilis goats, birth time and growth characteristics of kids in a pasture-based
breeding system in a high-altitude mountainous region were investigated.

Material and Method

No animals were used in laboratory studies for this work. No animal rights were violated. Data
collection and animal husbandry procedures were carried out in accordance with the provisions of
Article 9 of Law No. 5996 on Animal Welfare.

Animal material was obtained from the breeding project "Kilis Goat National Breeding sub-
project” carried out in Kilis province within the scope of "Sheep and Goat National Breeding Project"
in 2018. This study was carried out in four different goat farms in Konya province, Doganhisar
district, Firinli village, on a total of primiparous 120 Kilis goats in 2019. The research was conducted
within a region comprised of mountainous, forested, and maquis areas, alongside herbaceous plants,
including both annual and perennial pasture species. According to 2019 meteorological data, the
average annual rainfall of Doganhisar district is 614 mm and the temperature is 11.4 °C. The altitude
of the grazing area varies between 1500 m and 2000 m. The average annual precipitation in Kilis is
500 mm, the average temperature is 17.2 °C and the altitude is 660 m (Anonymus, 2019) . Goats were
grazed on natural pasture for an average of 6-8 hours a day throughout the year, except for snowy and
adverse weather conditions. In addition to the pasture, between December and May, a daily average of
500 g of concentrate feed and barley crumb mixture as well as about 1 kg of alfalfa and straw mixture
roughage were given.

Births occurred between February and April, with registration information recorded after goats
and kids received colostrum milk. To overcome the weaning shock, the kids were allowed to suckle
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their mother until they were on average 2 months old, then weaned at an average age of 3 months after
being allowed to suckle the milk remaining after milking (Erduran, 2021). The reproductive
characteristics were determined using the method described by Boztepe (2015). Goat births typically
take place during the daylight (Erduran and Yaman, 2014), so the four daylight periods and two dark
periods (evening and night) were analyzed to determine birth times. The time of birth was determined
by intervals: 24:01-06:00, 06:01-09:00, 09:01-12:00, 12:01-15:00, 15:01-18:00 and 18:01-24:00. In
addition to the birth weight, live weights of the kids were recorded at one month, two months, three
months, six months and yearling of age. The live weights of goats were weighed at birth and after
mating.

Statistical analysis

In the study, the Chi-square test was used to determine the effects of the flock, gender, type of
birth and month of birth on the birth times of kids as well as the effects of flock on the reproductive
traits of goats. Live weight and growth traits were analysed using the General Linear Model (GLM)
procedure. Significant differences between factor levels were analysed using Tukey multiple
comparison tests (Kesici and Kocabas, 2021).
Yijkim= W + ai+ bj +Cx + di + Ejjiim Q)
where yijum is the observation, u the overall mean, a; the flock effect (i=1, 2, 3, 4), bj the gender effect
(j=male, female), ck the birth type effect (k=single, twin), dithe birth month effect (I=february, march,
april), ejjum the random error.

Results and Discussion

In this study, Table 1 shows that the flock factor had no significant effect on the fertility traits
of primiparous Kilis does. The average birth rate, number of kids at birth, number of kids at weaning,
twinning rate and survival rate of kids were 92.5%, 1.25, 1.11, 25% and 88.2%, respectively. These
values were similar to the values obtained from Kilis goats in the original breeding area (Keskin et al.,
2017; Ozdemir and Keskin, 2018; Keskin et al., 2022) and slightly higher than the previous studies
with pure and crossbred Hair goats in the mountainous area (Celik and Olfaz, 2015; Erduran, 2021).

Table 1. Effect of flock on reproductive in goats

Flock Birth rate (%) Litter size at birth  Litter size at weaning  Survival  Twining
rate (%) rate
1 96.7 1.31 1.24 94.7 31.0
2 93.3 1.29 1.14 88.9 28.6
3 93.3 1.21 1.04 85.3 21.4
4 86.7 1.19 1.00 83.9 19.2
Chi-square 0.090 0.093 0.424 0.148 0.835
P 0.933 0.993 0.935 0.985 0.841
Total 92.5 1.25 111 88.2 25.1

The results indicate that Kilis goats display satisfactory levels of fertility, twinning, and kid
yield, reflecting their healthy and productive nature. In addition, this demonstrates that the fertility
characteristics of Kilis goats can generally adapted to high-altitude mountainous regions.

The effects of flock, gender, type of birth and month of birth factors on the birth times of kids
distributed at different times of the day were found to be significant (P<0.05) and given in Table 2.
The average distribution of the births according to the hours of the day, the lowest rate was 3.6% in
the evening hours (18:01-24:00) and the highest rate was 41.7% in the first hours of the morning
(06:01-09:00). 92.5% of the male kids and 90.3% of the female kids were born during the daytime.

The most intensive births took place in March and then in February. While the birth time of
the goats was observed mostly in the first hours of the morning in March and February, it was
observed in the afternoon and daytime in April. In this study, although the findings related to the time
of birth are similar to the previous studies conducted in different regions in goats and sheep (Erduran
and Yaman, 2014; Sahin, 2023), there are differences in the distribution of births during the day.
However, births usually occur at night in mammals with daytime activity under natural conditions
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(Erduran, 2022). Therefore, it suggests that there are intrinsic and extrinsic mechanisms such as
circadian rhythm and the instinct to protect the offspring from predators and evolution that regulate the
time of birth (Erduran, 2022, 2023a).

Table 2. Distribution of birth times of Kilis kids according to some environmental factors

Time period Total
06:01-09:00 09:01-12:0C 12:01-15:00  15:01-18:00 18:01-24:00 24:01-06:00
n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Flock
1 16 (27.6) 8 (47.1) 4(18.2) 7(23.3) 0 (0.0 3(42.9) 38 (27.3)
2 18 (31.0) 0(0.0) 5 (22.7) 12 (40) 1(20.0) 0 (0.0 36 (25.9)
3 11 (19.0) 3(17.6) 10 (45.5) 6 (20) 3 (60.0) 1(14.3) 34 (24.5)
4 13 (22.4) 6 (35.3) 3 (13.6) 5 (16.7) 1(20.0) 3 (42.9) 31 (22.3)
¥2: 26.434; DF: 15; P-value: 0.034
Gender
Male 23 (39.7) 10 (58.8) 17 (77.3) 12 (40.0) 3 (60..0) 2 (28.6) 67 (48.2)
Female 35 (60.3) 7(41.2) 5 (22.7) 18 (60.0) 2 (40.0) 5(71.4) 72 (51.8)
x2: 12.079; DF: 5; P-value: 0.034
Birth Type
Single 34 (58.6) 9 (52.9) 18 (81.8) 14 (46.7) 5 (100) 3(42.9) 83 (59.7)
Twin 24 (41.4) 8 (47.1) 4(18.2) 16 (53.3) 0 (0.0 4 (57.1) 56 (40.3)
x2: 11.144; DF: 5; P-value: 0.049
Birth month
February 15 (25.9) 10 (58.8) 6 (27.3) 9 (30.0) 3 (60.0) 1(14.3) 44 (59.7)
March 38 (65.5) 5(29.4) 9 (40.9) 19 (63.3) 1 (20.0) 4 (57.1) 76 (40.3)
April 5 (8.6) 2 (11.8) 7 (31.8) 2 (6.7) 1 (20.0) 2 (28.6) 19 (13.7)
¥2: 19.291; DF: 10; P-value: 0.037
Total 58 (41.7) 17 (12.2) 22 (15.8) 30 (21.6) 5(3.6) 7 (5.0) 139 (100)

%2: Chi-square Result; DF: Degree of Freedom; n: Number of Animals; P: Significance Level

The study indicates that the live weight and growth traits of Kilis kids were influenced by
flock, gender, type of birth (excluding yearling weight), and months of birth (excluding in the 1 and 2
month weights) factors (P<0.01 and P<0.05) and were presented in Table 3.

In the current study, male kids had higher body weight and faster growth than female kids.
The difference in body weight between singletons and twins had a significant effect until six months
of age, but this difference lost its effect by one year of age. Kids born in February (winter) had lower
birth weights than those born in March and April (spring). However, kids born in winter had higher
live weight and faster growth from weaning to one year of age. Kids born earlier grew faster and
reached a higher body weight than those born later. This is probably due to the fact that early-born
kids had more opportunities to feed on the abundant and high quality grasses in the pasture during
spring and summer, which led to faster growth and development. They may also have developed an
adaptation mechanism to make winter-born kids more resistant to cold weather conditions (Sing et al.,
2022; Das et al., 2023).
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Table 3. Least squares and standard errors for growth trait of Kilis kids (kg)

Traits Birth One-month Two-month ~ Weaning Six-month Yearling
weight weight weight weight weight weight
Flock *x fale fale *x *x *x
1 35 3.1540.06* 7.24+0.18%  12.3+0.272 15.2+0.332 20.9+0.502 25.04+0.632
2 29 2.93+0.07° 6.4+0.23°  10.2+0.34>  14.1+0.41% 18.540.62° 21.5+0.78°
3 22 2.79+0.08° 6.5:0.25® 10.6+0.36°  13.7+0.44°  18.6+0.67°  21.9+0.84°
4 26 2.78+0.07° 6.4+0.22°  10.7+0.33°  13.7+0.40° 18.9+0.60°  22.9+0.76%
Gender *x * * * * *x
Male 54  3.03£0.05 6.8+0.17 11.24+0.25 14.6+0.30 20.1+0.46 24.0+0.57
Female 58 2.80+0.05 6.4+0.16 10.6+£0.24 13.7+0.30 18.4+0.45 21.7+0.56
Birth type *x fale fale * *x
Single 72 3.13+0.05 7.0£0.15 11.6+0.23 14.6+0.27 20.0+0.42 23.3+0.52
Twin 40  2.69+0.06  6.2+0.18 10.3+£0.27 13.8+0.33 18.5+0.50 22.4+0.63
Birth month * * * *
February 38 2.79+0.058  6.7+0.18 11.4+0.26 15.0£0.32A  20.3+£0.48%  24.440.607
March 62 2.97+0.04" 6.7+0.14 11.1£0.21  14.1+0.26"8  19.7+0.39%8  23.3+(.49°8
April 12 2.99+0.104  6.4+0.32 10.3+0.47 13.4+0.578 17.8+0.86"8  20.8+1.08B
Overall 112 2.91+0.04  6.6+0.13 10.9+0.19 14.2+0.23 19.3+0.35 22.8+0.44

a, b, ¢. Means within an inside-class of a column with different superscripts differ significantly at capital letters — (*P<0.05),
small letters — (**P<0.01).

In this study, the birth weight and 2"-month live weight of Kilis kids were found to be lower
than in previous studies on Kilis kids in the original breeding area (Keskin et al., 2017; Ozdemir and
Keskin, 2018; Giil et al., 2022; Keskin et al., 2022). However, live weights of Kilis kids from birth to
6 months of age were lower, but partly similar, than those of native gene resources, pure and crossbred
Hair kid genotypes (Erduran, 2017; Celik and Olfaz, 2018; Akbas et al., 2023). It is seen that
environmental factors significantly affect the live weight and growth characteristics of Kilis kids from
birth to one year of age. Therefore, improving the management, nutrition, care and health conditions of
Kilis kids in accordance with the climatic conditions, making appropriate breeding practices for
gender and paying attention to birth months in breeding selection will contribute to the improvement
of live weight and growth characteristics of Kilis goats.

The effect of flock, type of birth (expect for mating) and month of birth (except for flock) on
the average live weight of Kilis goats in the postpartum period (38.8 kg), live weight in the mating
period (42.9 kg) and live weight gain between postpartum and mating period (4.1 kg) were found
significant at P<0.01 and P<0.05 levels (Table 4).

The findings suggest that the live weights of Kilis goats during the postpartum and mating
periods were within the range of 36.0 kg to 58.0 kg previously reported for various goat genotypes
aged 2-5 years in different regions (Erduran, 2017; Unalan and Ceyhan, 2017; Daskiran and Yilmaz,
2018; Ozdemir and Keskin, 2018). This situation can be explained by the variability of goats
depending on their genetic capacity, social rank, area conditions, feeding, care, yield direction and
grazing capacity of the pasture (Ocak, 2016; Castillo-Zuiiga et al., 2022; Erduran, 2023a).
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Table 4. Means and standard errors of live weights of Kilis goats at postpartum and mating period

Traits Body weight (kg)
n Postpartum Mating Difference
Flock * *
1 29 38.3+0.5478 42.4+0.64"8 4.0+0.11
2 28 37.8+0.628 41.8+0.738 3.9+0.13
3 26 39.1+0.6148 43.2+0.7278 4.1+0.12
4 28 40.0+0.564 44.2+0.664 4.2+0.11
Birth Type * **
Single 83 39.5+0.37 43.1+0.44 3.6+0.08
Twin 28 38.1+£0.55 42.7+0.65 4.5+0.11
Birth month * * *x
February 36 39.9+0.49% 44.5+0.584 4.6+0.10?
March 63 38.2+0.38" 41.7+0.458 3.8+0.08°
April 12 38.4+0.8378 41.9+0.97A8 3.8£0.17°
Total 111 38.8+0.36 42.9+0.43 4.1+0.07

a, b, c. Means within an inside-class of a column with different superscripts differ significantly at capital letters — (*P<0.05),
small letters — (**P<0.01).

The growth and development potential of goats can last up to 5 ages. However, it is highly
likely that the live weight of goats will be adversely affected if they are unable to reach the food
source they need, especially during the first lactation period (T6li et al., 2009; Erduran, 2021).
Therefore, a live weight gain of 4.1 kg can be considered normal in Kilis goats that both continue to
grow and start milk production in the first lactation period under natural pasture conditions. In
addition, the live weight gain of Kilis kids is 5.1 kg between 3-6 months of age and 3.5 kg between 6
months and 1 year of age.

Conclusion and Suggestions

As a result, Kilis goats generally showed good performance in terms of fertility traits.
However, the growth and development traits of Kilis kids were acceptable for a local dairy breed. This
may indicate that the fertility and growth traits of Kilis goats are adapted to high altitude mountainous
areas. This study would provide important contributions to improving environmental factors as well as
increasing the productivity and endurance of Kilis goats in mountainous and high-altitude regions.
These findings would be important for the planning and implementation of Kilis goat breeding studies
in different regions.
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Abstract

Although the Garden Cress is known to grow in a wide range of climatic conditions, there are limited
studies on how water stress can affect their morphological, biochemical and sensory characteristics. In this
research, these characteristics in the Garden Cress leaves were measured in response to water stress. In this study
two different irrigation restrictions (50% and 25% irrigation) were applied against the control plants (100%
irrigation) in four replications. As a result, the amount of proline was determined as 5.98 mg*100g in control
plants, and as 36.72 mg'100g in 25% irrigated plants. While total phenolic compounds and total flavonoids
varied from 61.26 to 68.04 mg of GA1100gFW and 8.35 to 11.70 mg QE*100gFW, respectively, the differences
were statistically insignificant. The increase of DPPH free radical scavenging activity in line with increased
water stress, however, was found to be statistically significant. In conclusion, the 50% water stress applied
Garden Cress leaves were found to be most preferred by the consumers in terms of flavor and had higher radical
scavenging activity than control plants. Irrigation management practices, therefore, could consider limited water
use with Garden Cress production under possible negative effects of climate change on water resources.
Keywords: DPPH; garden cress, water stress, phenolic compounds, sensory quality.

Su Stresine Maruz Kalan Tere (Lepidium sativum L.) Bitkisinde Artan Serbest Radikal
Temizleme Aktivitesi ve Tiiketici Tercihi
Oz

Tere (Lepidium sativum L.) bitkisinin ¢ok ¢esitli iklim kosullarinda yetistigi bilinmesine ragmen su
stresinin bitkinin morfolojik, biyokimyasal ve duyusal 6zelliklerini nasil etkileyebilecegine dair sinirli sayida
¢aligma bulunmaktadir. Kontrollii atmosfer kosullarinda iki farkli su stresi seviyesi uygulanarak, dort tekrarh
gergeklestirilen bu calismada; terenin bazi morfolojik parametreleri, biyokimyasal ozellikleri ve duyusal
dzellikleri dl¢iilmiistiir. Onceki ¢aligmalarda su stresi nedeniyle verim kayb1 degerlendirilirken, bu ¢alismalarda
tirtiniin pazarlanabilirligi ve tiiketicilerin tercihi dikkate alinmamustir. Kontrol bitkilerine (%100 sulama) kars1 iki
farkli sulama (%50 ve %25 sulama) uygulanan ¢alisma sonucunda kontrol bitkilerinde prolin miktar1 5.98 mg
1100 g, olarak belirlenirken. %25 sulama suyu uygulanan bitkilerde 36.72 mg*100g olarak tespit edilmistir..
Toplam fenolik bilesikler ve toplam flavonoidler sirasiyla 61.26 ile 68.04 mg GA1100g ve 8.35 ile 11.70 mg
QE1100g arasinda degisirken, farklar istatistiksel olarak énem bulunmustur. Ancak artan su stresine ile birlikte
DPPH serbest radikal temizleme aktivitesinin artmasi istatistiksel olarak anlamli bulunmustur. Sonug olarak %50
su stresi uygulanan Tere yapraklarinin tiiketiciler tarafindan lezzet agisindan en ¢ok tercih edildigi ve kontrol
bitkilerine gore daha yiiksek radikal temizleme aktivitesine sahip oldugu tespit edilmistir. Bu nedenle sulama
yonetimi uygulamalari, kiiresel 1sinma ve iklim degisikliginin su kaynaklari {izerindeki olasi olumsuz etkileri
altinda Tere {iretimi ile sinirlt su kullanimini saglanabilir.

Anahtar Kelimeler: DPPH, Tere, su stresi, fenolik bilesikler, duyusal 6zellikler.

Introduction
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The availability of water resources is an important factor for optimal fruit and vegetable
farming Grinan et al. (2019) and it is becoming increasingly important to ensure the preservation of
existing food production (Yildirim et al., 2022). Since water is a major component of fresh plant
material and is a priority for the quality of cultivated vegetables El-Zaeddi et al. (2016), extreme
variation in temperature and soil moisture can cause low yield in their production by leading to
changes in their physiological and biochemical processes (Arimi, 2021).

According to Yildirim et al. (2022) cyclic or unpredictable drought may affect roughly 33% of
the world’s arable agricultural land. In order to cope with future water scarcity, there is a need to adopt
deficit-irrigation strategies in agricultural production (Grinan et al., 2019). Plants usually develop
acclimation strategies and survival mechanisms in response to drought stress depending on the
inherent plant traits and the scarcity of drought stress (Okunlola et al., 2022). A mechanism plants use
to withstand drought stress is to reduce osmotic potential together with increased anthocyanin
concentrations (Erken, 2022). Anthocyanins are good antioxidant compounds because they have free
radical scavenging properties (Ahmadiani et al., 2014).

In recent research, there is an increased interest in plants that are natural sources of
antioxidants such as the Garden Cress (Lepidium sativum L.) (Selek et al., 2018). Garden Cress is a
fast growing annual herb in the Cruciferae (Brassicaceae) family (Painuli et al., 2022). This culinary
vegetable cultivated all over Asia and Europe is native to Egypt and West Asia (Diwakar et al., 2010;
Zia-Ul-Haq et al., 2012). A review carried out by Painuli et al. (2022) highlighted the wide range of
therapeutic properties and nutritional values of the Garden Cress “including anticancer,
hepatoprotective, antidiabetic, hypoglycemic, antioxidant, antimicrobial, gastrointestinal, and
fracture/bone healing activities”.

Garden Cress is most typically consumed as a garnish or as a leaf vegetable (Malar et al.,
2014). According to Keutgen et al. (2021) both the microgreens and sprouts of the Garden Cress “are
consumed for their slightly sour, spicy or bitter flavors and are recommended for their secondary
metabolites”. Another important character of the Garden Cress is that it can be grown in many
different climate and soil conditions (Smolinska et al., 2017).

There, however, is limited research on how abiotic stressors effect the biochemical properties
of the Garden Cress. A study carried out by Al-Sammarraie et al. (2020) for example, applied drought,
salinity and high light stresses and found that the Lepidium sativum plants launched protective
mechanisms against these stresses. Drought stress, in particular, increased the anthocyanin, carotenoid
and protein contents, the MDA level and total APX activity in the drought treated plants. Another
study, found that the growth and yield attributes of Lepidium sativum decreased and the proline
content and total carbohydrates increased in response to increasing water stress (Khalil et al., 2012).

While there are very limited studies investigating the effects of water stress on the
morphological and biochemical attributes of the Garden Cress, there is no known study that look at the
sensory quality and consumer preference of the same plant under water stress. The objective of this
research is to understand how the morphological properties, pH, chlorophyll amount, phenolic
compounds, total flavonoids and antioxidant activity, as well as consumer preference of the Garden
Cress (Lepidium sativum L.) plant is affected under deficit irrigation treatments.

Materal and Methods

Experimental design and irrigation treatment

This research was carried out in Canakkale Onsekiz Mart University, Faculty of Agriculture,
Department of Agricultural Structures and Irrigation, Plant Stress Monitoring and Thermography
Laboratory. Cress seeds were sown on January 07, 2022 in 10 liter pots in a randomized block design
with 4 replications. The seeds were sown at 500-600 g per decare, which corresponds to 75 seeds for
each pot with a diameter of 39.25 cm? The experiment was carried out in a controlled atmospheric
conditions (at 25°C under 14 hours ~ 54 puE light and 10 hours of dark, and 55-60% relative humidity)
(Al-Sammarraie et al., 2020). The plant pots were filled with soil at pH 6.95, 0.42 dS/cm salinity,
12.45% lime and 2.75% organic matter content. Following germination, each pot was equally
fertilized with Hoagland nutrient solution at 10-day intervals. Once the seeds germinated, all pots were
irrigated equally for a total of 14 days until the plants reached a sufficient size and water restriction
was applied starting on January 21, 2022.
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Two different water restrictions were applied to the Garden Cress plants (50% irrigation and
25% irrigation) in addition to the control plants (100% irrigation). The amount of irrigation water to be
applied in the experiment was estimated gravimetrically (Jones, 2007). In order to determine the total
moisture capacity of the pots, the pots with control treatments were saturated with water and left to
drain under the force of gravity for 24 hours. During the growing period, plants were irrigated every
three days. Control pots were weighed every three days, and water restriction was applied by taking
into account the total evaporation amount from control plants.

Sample preparation and ultrasonic bath extraction

Extraction of samples was carried out using the ultrasonic bath (Daihan Scsentiic Co. Ltd.,
WUC-AO3H, Korea) extraction method according to (Aznar-Ramos et al., 2022). Plant samples (1.00
g FW) were placed into glass homogenization vessels and 10 mL of extraction solvent (methanol) was
added to each vessel. Next, the ultrasonic probe was inserted into the vessel and the extraction took
place 1 hour at laboratory temperature (nearly 25°C).

Morphological parameters and leaf area

Leaf samples were weighed immediately after collection, and leaf areas were determined in
cm2 using a CI-202 Portable Laser field meter (CID, Inc., USA). Leaf weights were measured using a
digital balance (+0.0001 g) and diameter, length and petiole were measured using a digital caliper
(#0.01 mm).

Leaf proportional water content

Proportional water content (PWC) of leaf samples were determined on the 15th day and after
harvest. Initially, the leaves’ fresh weights (VW) were measured, and after the leaves were kept in
distilled water for 6 hours, their turgor weights (TW) were measured. Dry weights (DW) were
determined after keeping the samples in a 65°C oven until their weights were constant. PWC was
estimated in % using the following formula (Yamasaki and Dillenburg, 1999).

PWC (%) = [(VW-DW) / (TW-DW)] x 100

Chlorophyll content

The total amount of chlorophyll was prepared using 4 g of fresh plant leaves in 35 ml of 90%
acetone solution. The samples were extracted with the ultrasonic probe extraction method Aznar-
Ramos et al. (2022) for 1 hour and filtered with filter paper. The filtrate was completed to a 50 ml
solution using 90% acetone. Absorbance readings were made at 645 nm, 652 nm and 663 nm
wavelengths (Holden, 1976).

Proline content

In order to determine the internal proline amount, 0.5 g fresh weight of plant sample was
crushed and mixed with 10 ml of 3% 5-Sulfosalicylic acid and the mixture was homogenized for 2
minutes. The resulting samples were filtered into tubes through Whatman No 2 filter papers. 2 ml of
filtered sample, 2 ml of ninhydrin and 2 ml of glacial acid were added and reacted in a water bath set
at 100 °C for 1 hour, followed by an ice bath. 4 ml of toluene was added to the reaction and the
mixture was homogenized with a tube mixer for 15-20 seconds. The chromophore of the solution was
aspirated with a fine-tipped pipette and taken into spectrophotometer tubes. The absorbance reading
was taken from the spectrophotometer tubes at room temperature at 520 nm, where toluene was used
as a blank sample (Bates and Waldren, 1973).

Determination of antioxidant activity

Antioxidant activity was determined using the DPPH free radical scavenging assays as
described by (Brand-Williams et al., 1995; Ak and Tiirker, 2018). Briefly, different concentrations of
cultivated Garden Cress plant extracts diluted with methanol were measured with DPPH after 30
minutes at room temperature. The absorbance of the samples was measured at 515 nm using a UV-vis
spectrophotometer. The percentage of DPPH radical scavenging activity was estimated using the
following equation:

DPPH scavenging (%) = [(Acontrol - Asample) / Acontrot] X 100 D

Asample = the absorbance of the sample after reaching plateau after 15 min

Acontrot = DPPH absorbance

ICso inhibition values were estimated by taking into account 50% of the total DPPH radicals in
the concentrations, where Lower ICso indicated higher radical scavenging activity. In this test,
butylated hydroxytoluen was used as a positive control.

Determination of total phenolic (TP)
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The Folin-Ciocalteau method of Singleton and Rossi (1965) was employed to determine the
total phenolic content of the Garden Cress extracts. 100 pl of extract, 900 ul of distilled water, 5 ml of
0.2 N Folin-Ciocalteau solution and 4 ml of 7.5% sodium carbonate solution were vortexed in test
tubes. The samples were incubated for two hours at room temperature in the dark, and at 765 nm,
absorbance values were measured. The Garden Cress samples' total phenol content is expressed as
"mg GA1100g FW (fresh weight)".

Determination of total flavonoids (TF)

Total flavonoid concentrations of Garden Cress extracts were measured using an aluminum
based colorimetric assay (Shraim et al., 2021). The test tubes were filled with 100 pl of extract, 100 pl
of 1 M potassium acetate, 100 pl of 10% aluminum nitrate, and 4.4 ml of 96% ethanol, respectively.
The samples were incubated for 40 minutes at room temperature in the dark, and the
spectrophotometer read the absorbance values at 415 nm. The Garden Cress samples' total flavonoid
content is listed as "mg quercetint100 g FW (fresh weight)".

Flavor and appearance difference from control test

Differences between control and stressed Garden Cress samples in terms of flavor and
appearance were determined. Leaf samples of the control (100%) and water stressed (50% and 25%)
Garden Cress plants were presented to panelists (n=10). Panelists were informed that there was a blind
test (control) among the test samples. Then panelists evaluated the test samples according to the
differences in terms of flavor and appearance and scored from 1 to 10 as “Not Different” to
“Extremely Different” (Shraim et al., 1999).

Consumer preference test

The sensory acceptability of the Garden Cress samples in terms of flavor, appearance, and
general attributes was investigated with 61 participants (36 women and 25 men) aged 20 to 52 using a
7-point hedonic scale (7 = like extremely and 1 = dislike extremely) (Kiremit et al., 2023).

Statistical analyses

Statistical differences of the measured parameters among different irrigation levels of the
cultivated Garden Cress plant were estimated using One-Way ANOVA the Tukey Multiple
Comparison test, where p-value of <0.05 was considered to be statistically significant. Minitab 19 was
used as a software for the statistical analysis.

Results and Discussion

Each trial subject was equally irrigated with 732 ml of water for a total of 14 days until all
plants formed 4 true leaves before applying water restrictions. The amount of water applied during the
cultivation period is given in Table 1. During the experiment, the control pots were irrigated with a
total of 5170 ml of water. Pots with 50% water treatment were irrigated with a total of 2598.5 ml
water and those with 25% water treatment were irrigated with one fourth of the total amount applied to
control plants, corresponding to a total of 1299.25 ml of water.

Table 1. The amount of water applied per irrigation

Treatment 1 2 3 4 5 6 7 8 9 10 Total
Control 334 354 368 450 456 572 620 620 716 707 5197.00
50% irrigation 167 177 258 225 228 286 310 310 358 354 259850

25% irrigation 83.5 88.5 110 1125 114 143 155 155 179 177 1299.25

The average leaf weight, length, width and area, and stem length measured at the end of the
research are given in Table 2. According to this table, the study results showed that water constraint
has statistically significant effects on the yield and quality parameters of Garden Cress. When the leaf
weight, length and width, and stem length values are examined, it can be seen that the decrease of
these values in line with increased water stress is statistically significant.

A study carried out by Kiremit et al. (2023) investigating the yield, growth traits and leaf nutrients of
the Garden Cress under water and salinity deficiency, similarly, found that the leaf fresh weight, leaf
dry weight and leaf area decreased statistically significantly under increased water stress. Another
study conducted on 7 different Garden Cress cultivars in the open field, Yanmaz et al. (2010)
determined the leaf lengths and widths between 6.5-12.9 cm and 3.3 to 7.6 cm, respectively. It can be
seen that the results of this study, which we conducted in a controlled atmospheric setting, are similar
to the above mentioned field study (Table 2). Furthermore, in this study, the average leaf area
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decreased significantly with increased water stress, similar to the other parameters. While the highest
leaf area was obtained from plants in control pots with an average of 415.6 cm?; it was measured as
256.3 cm? in pots with 50% water stress and 127.3 cm? in pots with 25% water stress, with each
treatment falling into a separate statistical group.

Table 2. Average leaf weight, length, width and area, and stem length values based on the level of water stress

Treatment Leaf weight Leaf length Leaf width Leaf area Stem length
(9) (cm) (cm) (cm?) (cm)

Control 0931 + 0.059 1035+0.342A 431 £+ 0.102 415.6+359 7.035+0.082
A A A A

%50 0.456+0.034  7.425+0.347B 347 + 0.076 256.3+215 4.870+0.379

irrigation B B B B

%25 0.274+0.030 5.495+0.278C 2.76 + 0.148 127.3+11.4 4.265+0.182

irrigation C C C B

p value 0.000 0.000 0.000 0.000 0.000

*Results were expressed as mean =+ std dev. Means with different letters are significantly different at p values shown
in the same column.

The amount of dry matter, pH, brix, hue and chroma values obtained at the end of the research
are provided in Table 3. A statistically significant increase in the amount of dry matter was detected
with the decrease in the amount of irrigation water. Uyar et al. (2013) examined dry matter in eight
commonly used herbs. Among the plants they evaluated, they determined the amount of dry matter of
the Garden Cress as 6.97%. In this study, while similar results were obtained from the control
treatments, percent of dry matter increased with increasing water restriction. Considering the pH
values, there was not a statistical significance among different water treatments. In the study
conducted in greenhouse conditions by Demir and Polat (2017) the pH values of the Garden Cress
cultivated in autumn were between 6.01 and 6.17 those cultivated in spring were between 5.27-5.68. In
our study, the temperature was kept constant at 25°C under controlled atmospheric conditions. When
the greenhouse temperatures in the spring period are evaluated, the given pH values are similar to our
study. Brix amount showed similarity with dry matter values and increased with decreased water
treatment. When the leaf color was evaluated, there was no statistical difference in Hue values, which
indicate the color we perceive, among different water treatments. When chroma, known as color
intensity or clarity value, was evaluated, however, the control plants and plants with 50% irrigation
showed statistical similarities with each other. Statistical similarity was also determined among the
two test subjects treated with water restriction (Table 3).

Table 3. Dry matter, pH, brix, hue and chroma values based on the level of water stress

Treatment Dry matter (%) pH Brix Hue Chroma
Control 6.058 +0.42 B 5.73+£0.01 290+0.13C -090+0.01 18.83+1.01A
50% irrigation 7.359+0.31B 570+0.03 3.50+0.13B -0.89+0.02 17.33+0.99 AB
25% irrigation  9.545+0.57 A 568+0.02 445+0.05A -0.87+0.01 14.57+0.66B
p value 0.001 ns 0.000 ns 0.025

*Results were expressed as mean + std dev. Means with different letters are significantly different at p values shown in the
same column. ns: not significant

The changes in the chlorophyll and proline values based on the amount of water applied to the
plants are shown in Table 4. Statistical differences were found in all parameters except the chlorophyll
a value. As the amount of water restriction increased, chlorophyll cells per unit area (chlorophyll b and
total chlorophyll) increased. When we consider the decrease in leaf area, however, it can be said that
the amount of chlorophyll in the control plants were higher than the other treatments. Chlorophyll is
essential in the process of photosynthesis and is responsible for vegetative growth (Mohamed et al.,
2020). Decreased chlorophyll a and b in plant leaves may also affect photosynthetic performance,
which may reduce plant growth (Ehsan et al., 2014). The increase in the amount of chlorophyll with
water stress, therefore, can also increase the photosynthetic ability of the plant, ensuring the
prolongation of the plants’ life span and the continuation of their biochemical synthesis. When we
look at our research results, it can be seen that both the chlorophyll a and chlorophyll b values
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obtained from the control plants were the lowest. It can be said that this is due to the fact that the
control plants have larger leaf area, and thus, the chlorophyll value per unit area is lower. The increase
in chlorophyll values in line with increased water stress, therefore, is thought to be due to more
chlorophyll cells per unit area together with decreased leaf area.

In this study the total chlorophyll content increased from 59.89 to 69.61 mg*ml with increased
water stress, in which the difference was statistically significantly. Similarly, Singh et al. (2020),
applied three levels of water stress on the Garden Cress under controlled temperature and light
conditions. They found that the total chlorophyll content ranged from 36.656 and 44.030 mgg and
increased with increased water stress.

Table 4. Chlorophyll and proline values based on the level of water stress

Treatment Chlorophyll a Chlorophyll b Total chlorophyll Proline

(mgml) (mg™*ml) (mg™*ml) (g*100g FW)
Control 22.99+0.12 30.53+1.59B 59.80+1.15B 598+ 0.20C
%050 irrigation 23.13+0.68 44.69 £1.66 A 67.55+2.00 A 2472 +1.27B
%25 irrigation 23.83+0.51 46.20+1.62 A 69.61 £1.64 A 36.72+1.20 A
p value ns 0.000 0.005 0.000

* Results were expressed as mean = std dev. Means with different letters are significantly different at p values shown
in the same column. ns: not significant

When plants are exposed to stressful conditions, they accumulate a number of metabolites,
especially amino acids (Giordano et al., 2021). Proline is an amino acid known to play a very
beneficial role in plants that are exposed stress conditions (Hayat et al., 2012). Considering the results
of the research (Table 4), it was determined that proline was synthesized 5-6 times more with water
restriction. Escalante-Magarfia et al. (2019) also found that proline concentration increased statistically
significantly with increased water stress when compared to control plants in pepper species (Capsicum
sp.).

In trials conducted with Garden Cress, Painuli et al. (2022) reported that the amount of proline
in normal growing conditions as 5.84 g*100g and Zia-Ul-Haq et al. (2012) stated that the amount of
proline was 4.63 g*100g. The amount of proline in the control plants of this research is similar to
these results. Proline was found to be 24.72 and 36.72 g1100g FW in this experiment in which 50%
and 25% irrigation was applied, respectively (the difference was statistically significant at p<0.05). As
a result, it can be said that the Garden Cress plant significantly increases the amount of proline with
increased water stress.

Total phenolic compound (mg GA™100g), total flavonoid (mg QE™100g) and antioxidant (%
inhibition) values obtained from the research are given in Table 5. According to the FW results, the
total phenolic compounds decreased and the total flavonoids increased in the water stressed Graden
Cress plants. These changes, however, were not statistically significant. Al-Hugail et al. (2019) also
investigated the change in the total phenolic compound and the total flavonoid content in the Sweet
Basil plant (Ocimum basilicum L.) with increased water stress. In this study, while total phenolic
compounds increased, the total flavonoids decreased in DW plants with increased water stress.

Antioxidants are synthesized by plants because they play a role in minimizing the harmful
effects of oxidative stress (Seyhan, 2019). In order to understand the effects of water stress on the
antioxidant properties of the Garden Cress plant, the radical scavenging power of the plants subjected
to different levels of stress were determined using the DPPH method. When using this method, low
ICso values reflect high antioxidant activity (Abdel-Aty et al. 2019). The highest radical scavenging
effect (5.69%) occurred in plants exposed to severe water stress; the lowest effect (7.21%) was
obtained from control plants that were not subjected to water stress. Erken (2022) has also stated that
DPPH radical scavenging power increases as the severity of water stress increases. Malar et al. (2014)
found the percentage of free radical activity to be 2.69% on the stem, 10.21% on the leaf, 11.63% on
the seed and 12.19% on the shoots with different ethanolic extracts of L. sativum. The DPPH radical
scavenging power determined using the same method in our research provides similar results in the
leaves.
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Table 5. Total phenolic content (TP), total flavonoid (TF) and radical scavenging activity (DPPH) based on the
level of water stress

Treatment TP TF DPPH

(mg GA100g FW) (mg QE1100g FW) (% inhibition)
Control 68,04 + 24,97 8,35+ 1,86 7.21+0.09 A
50% irrigation 61,26 +21,67 11,70 + 3,64 6.51+0.05 B
25% irrigation 63,05 + 8,39 11,55+ 3,25 5.69+0.06 C
p value ns ns 0.000

*Results were expressed as mean + std dev. Means with different letters are significantly different at p values shown in the
same column. ns: not significant.

The highest total phenolic substance was obtained from the control subject with 68.04 mg GA
1100g FW. Although phenolic substance accumulations decreased by approximately 5-7 mg GA1100g
FW as a result of water restriction, it was found to be statistically insignificant. Sat et al. (2013)
determined the phenolic content of phenolic compounds between 0.573-0.774 mg GAlg DW in a
Garden Cress study they conducted in Turkey in 2013.

The total flavonoid in the Garden Cress varied between 8.35-11.70 mg QE*100g FW among
all treatments, which was found to be statistically insignificant. Phenolic compounds and flavonoids,
which are among the important phytochemicals, are among the substances that reduce the risk of
cancer Rudzinska et al. 2023). It is stated that even a 5-6 day-old fresh Garden Cress sprouts have
high antioxidant properties (Abdel-Aty et al., 2019). The presence of high antioxidant substances in
the Garden Cress has an important role in human nutrition.

Effects of water stress on sensorial differences and liking scores

Effects of water stress on sensorial perception, based on difference from control test in terms
of flavor and appearance can be seen in Table 6. The scores of the control group as a blind control
show variance among panelists. The fact that the p-value of the control scores is lower than 0.05
indicate that the panelists successfully noticed the control group among the test samples. The flavor
score of the control group was 0.8, showing that the panelists had a high ability to distinguish the
control group, especially in terms of flavor. When the results are evaluated in terms of water stress, it
was determined that the effect of stress on flavor was significant (p<0.05) and there was no significant
difference between 50% and 25% irrigation treatments p>0.05). Panelists expressed the effect of water
stress as “moderate different” in terms of both sensory characteristics (flavor and appearance).

Table 6. Differences of water stressed plants from control in terms of flavor and appearance attributes

Treatment Flavor Appearance
Control 0.8a 2.8

50% irrigation 5.2b 4.2

25% irrigation 4.4b 4.6

+SE 0.83 1.05

p 0.0019 0.459

*Results were expressed as mean values, statistically significant at p<0.05

The effect of water stress on the consumer liking of the plants has been provided in Table 7.
The effect of water stress was statistically significant in terms of flavor and overall acceptability
(p<0.05). In terms of flavor, 50% water stressed plants had the highest score with an average of 4.87
and were in the “liked” part of the hedonic scale. The control group and 25% irrigation group were
included in the “neither liked nor disliked” part of the hedonic scale. General acceptability scores
show that there is no significant difference between the plants applied with 50% water stress and the
control group. When the taste, appearance and general acceptability scores are evaluated collectively,
the most preferred product by the consumers was found to be those irrigated with 50% water stress. It
is common knowledge that a product’s sensory attributes have a substantial influence on consumer
decision-making. So, these results ensure that 50% water stress application in agricultural production
will positively affect consumer preferences for the Garden Cress. Similar to these results, (Keutgen et
al., 2021). Investigated how the sensory quality of cress microgreens were affected by soilless growth
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systems modified with various mineral nutrition loads. They reported that the microgreens with the
highest mineral content in the nutrient solution were rated as having the highest consumer acceptance
in terms of visual appearance and total flavor impression.

Table 7. Consumer liking scores of the control and water stressed Garden Cress samples

Treatment Flavor Appearance General Acceptability
Control 4.24a 4.92 4.72ab
50% irrigation 4.87b 5.16 4.98a
25% irrigation 4.33a 4.68 4.37b
+SE 0.18 0.17 0.16
p 0.025 0.14 0.025

*Results were expressed as mean values. Means with different letters are significantly different at p values shown in the same
column.

Cano-Lamadrid et al. (2023) have explained that the overall acceptability of the microgreens
of some species such as brassica were negatively linked with sourness, bitterness, and astringency.
Likewise, the lower acceptability of the 25% irrigated Garden Cress plants in our study might be a
result of the increased bitterness due to less water content in the water stressed leaves.

Conclusions

Increasing drought and decreasing water resources are among the biggest problems that have
been experienced in recent years that directly affect agricultural production. For this reason,
researchers have been conducting various studies in order to mitigate the effects of drought and to
more efficiently use limited water resources. Garden Cress is an herb among the medicinal and
aromatic plants of the Brassicaceae family, which is used both for medicinal purposes and as food. In
this study, it has been determined that some biochemical parameters, total chlorophyll, proline and
antioxidants, increased with water stress in Garden Cress leaves. Despite the increase in these
substances, the decrease in yield with water stress is important in terms of agricultural production.
Loss of yield and biochemical changes have been determined in many different crops in drought and
water constraint studies previously carried out. When 50% water restriction is applied to Garden
Cress, approximately half of the yield is lost. When the water constraint increases further, the yield
decreases to one quarter of that of the control plants. Despite the loss in yield, substances such as
antioxidants, phenolic compounds and flavonoids that strengthen the immune system in humans were
found to increase with water stress in this study. While the increase in phenolic compounds and
flavonoids, however, was found not to be statistically significant, the increase in the antioxidant values
was found to be statistically significant.

Despite the decrease in yield and increase in some components important for human health,
there was no study on whether Garden Cress will be preferred by consumers with increased water
stress. In this study, some morphological and biochemical changes that occur in Garden Cress with
water stress and their consumers preference were determined. As a result of the tasting tests, it was
seen that the majority of the consumers preferred the Garden Cress grown by applying 50% water
restriction. It has been determined that against the threat of increasing global warming and climate
change, in cases where 50% water saving is applied during the cultivation of Garden Cress, the
product will still be preferred by the consumer in terms of flavor, appearance and general
acceptability.
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Oz

Calismamizda topraklara Bitki Gelisimini Tesvik Edici Bakteriler (PGPB)’den iki ticari (A ve B) ve bir
yerli izolat karisimi (C) olmak iizere ii¢c mikrobiyal giibre, yerli (TKi-Humas) bir Humik Asitle (HA) veya tek
baslarma uygulanmustir. Inkiibasyon sartlarinda iic dénemde (60., 90. ve 120. giinler) 6rneklenen topraklarda;
toprak enzimlerinden iireaz (Urz), katalaz (Kat), dehidrogenaz (Dhg), alkali fosfataz (Aft) ve beta-glikozidaz (B-
Gli) enzim aktiviteleri ile topraklarda solunum (CO2), mikroorganizma sayilari (MOS), amonyum (NH.), nitrat
(NO3) ve agregat stabilitesi (Ast) analizleri yapilmistir. Sonuglarin HA ve Mikrobiyal Giibre Uygulamalari
(MGU)’na bagimli degisimleri 6rnekleme donemlerine gore istatistiksel olarak incelenmistir. HA uygulamasinin
60. giinde tek bagina; Kat, B-Gli ve NHa, 6zelliklerine etkisi 6nemsiz olmusken; yalniz MGU uygulamalariyla
tim toprak Ozelliklerinin degisimi 6nemli olmustur. HAXMGU dikkate alindiginda yine tiim o6zelliklerin
degisimi 6nemli olmustur. ikinci dénemde tek basimma MGU’a gére Aft degisimleri &nemsiz olmusken;
HAxMGU-‘nda yalnizca Kat. degisimleri 6nemsiz, diger tiim 6zellikler 6nemli seviyelerde degisim gdstermistir.
Uciincii 6rneklemede ise HA uygulamasiyla CO,, Aft ve B-Gli degisimleri dnemsizken; diger zellikler dnemli
seviyelerde degismistir. Bu donemde MGU tek bagina ve HAXMGU’nda yine tiim 6zelliklerin degisimi 6nemli
olmustur (p<0.05). Tiim sonuglar ele alindiginda; tiim drnekleme donemlerinde HA ve MGU’nin tek baslarina
veya interaksiyonlarinin incelenen toprak ozellikleri iizerine etkileri farkli seviyelerde olmus ve bu etkiler
olumlu veya olumsuz yonde olmustur. Ancak bu tiir uygulamalarin genel anlamda toprak kalite ve toprak
biyolojik 6zelliklerini iyilestirmeleri yoniiyle tesvik edilmesi gerektigi belirtilebilir.
Anahtar Kelimeler: PGPB giibreler, Humik asit, Toprak enzimleri, Toprak kalitesi.

Effect of Humic Acid and Microbial Fertilizer Applications on Soil Biochemical
Properties and Aggregate Stability
Abstract

In our study, three microbial fertilizers from plant growth promoting bacteria (PGPB), two commercial
(A, B) and a native mixtured isolate (C), were applied to the soils with a native (TKi-Humas) humic acid (HA)
or alone. In the soils sampled in three periods (60™, 90" and 120™ days) in incubation conditions; urease (Urz),
catalase (Kat), dehydrogenase (Dhg), alkaline phosphatase (Aft) and beta-glucosidase (B-Gli) enzyme activities
and respiration (COz), number of microorganisms (MOS), ammonium (NHj), nitrate (NO3z) and aggregate
stability (Ast) analyzes were performed. The dependent changes of the results on HA and Microbial Fertilizer
Applications (MGU) were analyzed statistically according to the sampling periods. On the 60" day of HA
application alone; While the effect on the properties of Kat, B-Gli and NH4 was insignificant; Only the change of
all soil properties with MGU applications was significant. Considering HAXMGU, the change of all features was
important. In the second period, Aft changes were insignificant compared to MGU alone; In HAXMGU only Cat.
changes were insignificant, all other characteristics showed significant changes. In the third sampling time, COg,
Aft and B-Gli changes were insignificant with HA application; other properties changed at significant levels. In
this period, the change of all properties was significant in MGU alone and in HAXMGU (p<0.05). Considering
all the results; The effects of HA and MGU alone or their interactions on the investigated soil properties were at
different levels in all sampling periods, and these effects were either positive or negative. However, it can be
stated that such practices should be encouraged in terms of improving soil quality and soil biological properties
in general.

286


mailto:turkmencafer66@gmail.com
https://orcid.org/0000-0003-2550-2456
https://orcid.org/0000-0002-0707-5908

COMU Zir. Fak. Derg. (COMU J. Agric. Fac.) Aragtirma Makalesi
Research Article

Keywords: PGPB fertilizers, Humic acid, Soil enzymes, Soil quality.

Giris

Giintimiizde siirdiiriilebilir tarimin 6nemi anlasildikga yasanan sorunlari gidermek, toprak
ozellikleri iyilestirmek ve {irlin verimini siirdiiriilebilir sekilde arttirmak amaciyla ¢evre dostu iiriinler
ve bitki biiylimesini tesvik edici ¢esitli uygulamalar yapilmaya baglanmistir. Bu kapsamda Bitki
Biiylimesini Tesvik Edici Bakteriler (BBTB) olarak adlandirilan (PGPB) bakteriler (Olanrewaju ve
ark., 2017) ve Humik Asit (HA) uygulamalar1 giderek yayginlagsmakta olan dogal biyolojik aktif
maddelerin kullanildig1 yontemler arasinda en etkili olanlardir (Ekin, 2019). Biyolojik giibreler yani
mikrobiyal gilibreler Torun (2015) tarafindan; “Tohumun kendisine, toprak veya bitki {izerine
uygulandig1 zaman rizosferde kolonize olan veya bitki hiicrelerine iletilen atmosferik azotu fikse eden,
toprak fosforunu ve diger bitki igin gerekli besin elementlerini alan ve bitkiye ileterek bitki geligimini
arttiran saf canli veya karistk mikroorganizma karigimidir” seklinde tanimlanmistir. Mikrobiyal
giibreler T.C. Tarim ve Orman Bakanligi yonetmeliklerinde ise; “Bitki gelisimi igin gerekli
maddelerin saglanmasinda, bitki besin maddelerinin yarayisliliginin artirllmasinda ve/veya topragin
diizeltilmesinde rol oynayan canli mikroorganizmalari igeren iriinler” seklinde belirtilmektedir
(Anonim, 2018).

Bitkisel iiretimde ti¢ 6nemli faktoriin (kimyasal giibre, organik madde ve mikroorganizmalar)
tek bir formiilde birlestirilmesiyle yeni teknolojik “biyo-organo-kimyasal” giibrelerin gelistirilmesi
yani kimyasallarin organik madde ve mikroorganizmalarla zenginlestirilmesi, tarimin gelecekte daha
sirdiiriilebilir ve daha ekonomik yapilabilmesi i¢in biiyllk umut verici bir yoOntem olacag:
belirtilmektedir (Goenadi ve ark., 2018; Fatimah ve ark., 2021; Adeleke ve Babalola, 2021). Bitki
rizosferindeki bazi bakterilerin inorganik ve organik maddeleri bitki biiylimesi igin yarayisl hale
getirdigi bilinmektedir. Bunlardan Bacillus tiiri fosfat ¢ozen bakterilerin uygulanmasiyla, bitkilere
fosfor, potasyum, magnezyum, demir ve aliiminyum iletiminin artarak bitki gelisimi lizerinde olumlu
etkileri goriildiigii ifade edilmistir (Cakmake1, 2005; 2019a; Cakmake1 ve Erdogan, 2005).

Humik asit suda gii¢ ¢oziinebilir elementlerden kalsiyum, demir, magnezyum gibi yiiksek
degerlikli iyonlar ile bilesikler olusturur. Onemli bilesenleri humik ve fulvik asitler olan leonardit
(ham linyit)’ten alkali ekstraksiyon yontemiyle elde edilen humik-fulvik asit bilesikleri topragin 1slahi
ve veriminin devami i¢in 6nemli organik materyallerdendir (Piccolo ve ark., 1997; Schulten ve
Schnitzer, 1998). Bir ¢cok arastirmact humik asitin diisiik oranda uygulandiginda bitki gelisimi olumlu
etkiledigini; ancak fazla miktarda uygulandiginda olumsuz ya da nétr sonuglar elde edildigini (Chen
ve Aviad, 1990; Padem ve Ocal, 1999; Cimrin ve ark., 2011) belirtmislerdir. Tiirkmen ve Sungur
(2014), artan humik asit dozlarinin toprakta alinabilir mikroelement ekstraksiyonlarinda artiglara
neden oldugunu ve HA uygulamalarinin doz ve 6rnekleme zamanina gore degismekle beraber Fe, Cu,
Zn ve Mn ekstraksiyonlarinda kontrole gore farkliliklar sergiledigini bildirmislerdir.

Bu c¢alismada oncekilerden farkli olarak; son zamanlarda tarimda kullanim alanlar: ve gesitleri
giderek artan mikrobiyal giibrelerden, biri yerli izolat olmak tizere {igiiniin; tek baslarina ve karisik
kiiltiirleri topraklara uygulanmig ve kontrole gore topraklarin biyokimyasal 6zelliklerindeki degisimler
ortaya konulmaya caligilmustir. Bu uygulamalarin humik asit esliginde veya humik asit uygulanmadan
yapilmast ile toprak 6zelliklerindeki degisimler ¢alismamizda ek olarak incelenmistir.

Materyal ve Yontem

Deneme materyalleri

Calisma Canakkale Onsekiz Mart Universitesi (COMU) Ziraat Fakiiltesi Dardanos Yerleskesi
Arastirma ve Uygulama Merkezi topraklarinda asagida agiklanan ti¢ mikrobiyal giibrenin (A, B, C)
humik asit (TKI-HUMAS) esliginde ve humik asit uygulanmadan faktdriyel deneme diizeninde
uygulamast yapilmis ve inkiibatérde 27 °C ve tarla kapasitesinde 120 giin yiirGitiilmiistiir.

Calisma topragt COMU Ziraat Fakiiltesi Dardanos Yerleskesi deneme alanindan alinarak
golgede kurutulmus, tahta tokmakla ufalanmig ve 2 mm’lik elekten elenerek analizlere ve
uygulamalara hazir hale getirilmistir. Bu topraklardan temsilen ayrilan bir kisminda temel toprak
analizleri yapilarak belirlenen 6zellikleri Cizelge 1°de verilmistir.
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Cizelge 1. Arastirma topraginin temel 6zellikleri
Table 1. Basic properties of research soil

Birimi incelenen Ozellik Degeri Yontem
(%) Organik Madde 1,81 Kromik asitle yas yakma sonrasi (Jackson, 1958)

pH 8,01 1:2.5 (Toprak:Su) karisiminda pH Metreyle (Richards, 1954)
(dS/m) EC 0,42 1:2.5 (Toprak:Su) karigiminda EC Metreyle (Richards, 1954)
(%) CaCO; 11,86 Kalsimetre yardimiyla (Allison ve Moodie, 1965).
TIN Biinye (%51 Kum, %35 T, %14 Kil)  Hidrometre yardimiyla (Bouyoucos, 1951)
(%) Toplam N 0,07 Siilfirik asitle yas yakma sonrasi (Bremner, 1965)
(mg kgt) Almabilir P 9,158 AB-DTPA Ekstraktinda ICP-OES cihaziyla (Soltanpour, 1991)
(mg kgt) Almabilir K 96,37 AB-DTPA Ekstraktinda ICP-OES cihaziyla (Soltanpour, 1991)
(%) Tarla Kapasitesi 22,00 Basingli membran aletinde 1/3 atmosfer basingla (Klute, 1986)

TKi-Humas ise Tiirkiye Komiir isletmeleri Kurumu Kiitahya isletmesi iiretimi olan ticari bir
markadir. TKi-Humas; leonardit kullanilarak iiretilen humik asit ve fulvik asit igeren dogal organik
toprak diizenleyicisi bir tiriin olup garanti edilen igerik bilgisinde; Organik Madde %S5, Toplam Humik
Asit + Fulvik Asit %12, Suda Coziiniir KO %2 ve pH=11-13 olarak bildirilmistir. Hububatgiller i¢in
dekara 2-6 litre uygulanmasi Onerilmektedir. Calismamizda HA’in dekara bes litre dozu
uygulanmstir.

Ticari mikrobiyal giibrelerden Hadropoly (A); Arthobacter  spp., Azotobacter spp.
(Azotobacter vinelandii, Azotobacter chroococcum), Trichoderma viride, Penicillium bilaii, Bacillus
megaterium, Bacillus subtilis, Pseudomonas fluorescens bakteri suslarindan olusmaktadir. Bu tiriinden
151k gecirmeyen kapali ambalajli yeni parti (2020) ve litrelik bir paketi ticari temsilcisinden getirtilerek
denemelerde kullanilmigtir. Uygulama o6ncesi bu giibrenin bir ml’sinde en az 107 adet canli
mikroorganizmanin bulunup bulunmadigi yayma plak yontemiyle Plate Count Agar (PCA)
besiyerinde kontrol edilmis ve kuru toprak bazinda 1 ml kg* uygulanmustir.

Bactoboost (B); Bacillus subtilis, Bacillus megaterium ve Lactococcus spp., izolatlarini
icermektedir. Bu iriin de 151k gegirmeyen ambalajinda yeni partisi (2020) getirtilerek denemelerde
kullanilmistir. Uygulama dncesi bu iiriiniin bir ml’sinde garanti edilen 10° adet canli mikroorganizma
bulunup bulunmadig1 yayma plak yontemiyle PCA besiyerinde kontrol edilmis ve kuru toprak bazinda
1 ml kg uygulanmustir.

R-1 kodlu yerli mikrobiyal giibre formiilasyonu (C); Bu arastirmada kullanilan mikrobiyal
giibre formiilasyonu sivi tasiyicilarda gelistirilen ¢oklu 6zelliklere sahip Bacillus megaterium,
Paenibacillus polymyxa ve Pseudomonas putida izolatlarmin esit karisimindan olusan ve heniiz ticari
tescili olmayan 6zel bir mikrobiyal preparattir. Yeni gelistirilen formiilde kullanilan bu bakteriler,
tilkemizdeki gesitli kiiltlir ve yabani bitkilerin kok rizosferinden izole edilen bitki gelisimini tesvik
etme Ozelligine sahip 2 bin bakteri izolat1 i¢erisinden 6nceden yiiriitiilen ¢aligmalar (Cakmake1 ve ark.,
2006; 2007; 2008; 2009; 2010; Cakmake1, 2019b) sonrasi dikkatle secilmistir. Segilen izolatlar Coruh
vadisi ve Firtina deresi kokenli, bugday, kekik ve ahududu rizosfer topraklarindan izole edilerek
saklanan Prof. Dr. Ramazan CAKMAKCI koleksiyonuna ait bakteriler olup kendilerinin izniyle
kullanilmistir. Bakteri izolatlar1 klasik sistemler ve molekiiler sistemlerden mikrobiyal tanilama
sistemi kullanilarak tanilanmis olup “COMU Ziraat Fakiiltesi Tarla Bitkileri Béliimii Mikroorganizma
Kiiltiir Kolleksiyonu”nda muhafaza edilmektedir. Calismada kullanilan bu dondurulmus bakteri
izolatlar1 once Nutrient Agar (NA) besi ortamu igeren petrilere ekilerek 27 °C’de inkiibasyona
birakilmis ve 24 saatlik taze kiiltiirleri elde edilmistir. Gelisen bu taze kiiltiirlerin her birisinden ayri
ayr1 steril 6ze ile alinarak 250 ml’lik Nutrient Broth (NB) igeren besi ortamina aktarilmis, yatay
calkalayicili inkiibatorde 150 rpm dk™ da 27 °C’de ayr1 ayr1 24 saat gelistirilmistir. Bu formiilasyonlar
optimum kosullarda ¢alkalamali inkiibatérde 72 saat siire ile NA ortaminda inkiibasyona birakilarak
bakterilerin ¢ogalmasi saglanmustir (Cakmakg1 ve ark., 2014; 2017). Bu ortamdan alinan 6rneklerde
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mililitredeki canli bakteri sayimlar1 yapilarak bakteri konsantrasyonunun 1x108 hiicre ml™’yi gegtigi
siire belirlenmis (48 saat) ve uygulamaya hazir hale gelen preparat, steril kosullarda yeterince ayrilarak
sicaklig1 5°C olan ortamda muhafaza edilmis ve kuru toprak bazinda 1 ml kg uygulanmustir.

Denemenin kurulumu ve verilerin elde edilmesi

Deneme COMU Ziraat Fakiiltesi Toprak Bilimi ve Bitki Besleme Béliimii Mikrobiyoloji
Laboratuvarinda yiiriitiilmiistiir. Deneme dort uygulamanin (K, A, B, C) iki hiimik asit uygulanmasi
(H ve H*) durumundaki degisimleri irdelemek icin dort tekerriirlii ve tesadiif parseller deneme
diizeninde kurulmus ve {i¢ farkli donemde (60, 90 ve 120. giinler) 6rneklenerek zamanla toprak
ozelliklerindeki degisimler incelenmistir. Bu sekilde toplam: 4 x 2 x 3 x 4 = 96 saksilik bir deneme
olusturulmustur. Mikrobiyal giibreler ve humik asit ¢alisma baslangicinda tarla kapasitesinin %60’ na
kadar nemlendirilen topraklara homojen olarak uygulanmistir. Inkiibasyon baslangicindan itibaren
uygulamalardan sonra tarla kapasitesine getirilen toprak orneklerinin haftada bir nem degerleri
gravimetrik olarak kontrol edilmis ve topraklarin tarla kapasitesinde tutulmalar1 saglanmustir.

Denemede onceden 2 mm lik elekten gegirilen ve hava kuru nemleri bilinen topraklardan her
bir uygulama igin esit miktarlarda tartilarak ependorf tiiplerine alinmistir. Bu tiiplerdeki topraklara
MGU ve HA materyalleri deneme planina gére homojen olarak karistirilmis ve kapaklar1 agik
vaziyette litrelik kavanozlara yerlestirilmistir. Litrelik standart kavanozlar yarigegirgen (hava geciren
ancak nem kaybini engelleyen) gida ambalaji plastik bir ortiiyle (2020 iriinii Korozo markali)
kapatilarak 27°C’lik inkiibatdre yerlestirilmistir. Inkiibasyonun 60. giiniinden itibaren her 30 giinde
bir ve toplamda ti¢ 6rnekleme yapilarak toprak analizleri yapilmistir.

Farkli inkiibasyon donemlerinde alinan toprak numunelerinde MOS; PCA besiyerinde
Wollum (1982)’ye gore yayma plak yontemiyle belirlenmistir. Aft; Tabatabai (1982)’ye, B-Gli; Eivazi
ve Tabatabai (1988)’ye, Ureaz; Hoffmann ve Teicher (1961)’e ve Dhg; Casida (1977)’ye gore
substratlarla olusturulan standartlar esliginde spektrofotometrik olarak belirlenmistir. Katalaz enzimi
(EC 1.11.1.6) ise Beck (1971)’e gore voliimetrik olarak belirlenmistir. Toprak solunumu (COy)
mikrobiyal solunum ile agiga ¢ikan CO2’in kapali sistemde alkali tuzak teknigi ile tutulmasi ve arta
kalan alkalinin titrasyonuyla (Anderson ve Domsch, 1978) belirlenmistir. Topraklarda Ast yiizdeleri
Kemper ve Rosenau (1986) nin bildirdigi 1slak eleme metoduna gore belirlenmistir.

Baglangicta deneme topraklarinin alinabilir P ve K miktarlari AB-DTPA ¢6zeltisine alinan
elementlerin ICP-OES cihazi yardimiyla okunmasiyla (Soltanpour, 1991; Miiftiioglu ve ark., 2014),
toplam azot miktar1 ise Bremner (1965)’e gore yas yakilarak belirlenmistir. Uygulamalardan sonra
farkl1 zamanlarda topraktan KCl ekstraksiyonuyla alinan NH4 ve NOs konsantrasyonlar1 kjeldahl
cihazinda magnezyum oksit ve devarda yardimiyla distile edildikten sonra kesin normalitesi bilinen
zayif bir HoSO, asitle titre edilerek belirlenmistir (Bremner 1969; Kacar, 2009; Miiftiioglu ve ark.,
2014). Arastirma sonucunda elde edilen tim veriler, fakt6ériyel deneme desenine gore bilgisayar
tabanli bir istatistik programi yardimiyla (JMP) Varyans Analizi (VA)’ne tabi tutulmustur. Sonuglar
arasindaki 6nemli farklar (0¢=0.050) Student-t testiyle karsilastirilarak degerlendirilmistir.

Bulgular ve Tartisma

Farkli mikrobiyal giibrelerin 6nerilen dozlar1t HA esliginde veya HA yoklugunda uygulanmais;
inkiibasyonun 60., 90. ve 120. giinlerinde toprak 6rnekleri alinmis ve analizleri yapilarak elde edilen
sonuglar varyans analizine tabi tutulmustur. Onemli farkliliklar gériilen toprak biyolojik/biyokimyasal
ozellikleri ve agragat stabilitesi ylizdelerindeki degisimler Cizelge 2’de verilmistir.
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Cizelge 2. Humik asit ve farkli mikroorganizma uygulamalarinin 60., 90. ve 120. giinlerdeki toprak biyolojik
ozellikleri, enzim aktiviteleri ve agregat stabilitesi dzelliklerine etkileri

Table 2. Effects of humic acid and different microorganism applications on soil biological properties, enzyme
activities and aggregate stability on the 60", 90" and 120" days

60. GUN HA™ HA*
Ozellik/Uygulama (Uyg.) K A B C D K A B C D
Mikro Organizma Sayist (adet x 7346b* 5994cd 4289¢ 8.669a 6273c 4.057ef 5968cd 6412¢ 5378d 3545f

10000000) g kuru toprak*
Solunum (ug CO2 g kuru toprak h?) 18.69e 21.59cd 22.74c 20.72d 21.15cd 22.0lcd 70.78a 67.28b 14.88f 11.26¢g

Ureaz (ng NHq-N g kuru toprak h) 2004a 183.6b 178.7bc1735bc 2115a 1542d 202.1a 166.5cd 214.0a 170.6bc
Katalaz (mg O, 5g kuru toprak™ ) 5.849 cde 5.965 cde 5.323 fg 6.491 ab 6.141 bcd 4.913g 5.790de 5.673ef 6.900a 6.260 bc

Aft (ug p-NP g kuru toprak™24n) 156.2 cde 139.5de 2009b 1741c 232.2a 159.5cd 134.1e 1525cde 158.5cd 201.1b
B-Gli. (ug p-NP g kuru toprak-t 24 50.11b 31.39f 3357e 37.14d 4159c 3135f 37.88d 33.08ef 5432a 37.59d
Dhg (ng TPFg kuru toprak™t 247 1409ab 569h 841f 6.23g 1259c 991d 1456a 10.12d 9.20e 1360b
Suya dayanikli agregat stabilitesi (%) 60.70bc 67.15a 63.93ab 51.72e 55.29de 43.07g 55.63de 56.71cd 64.79a 47.15f
NH;" (pg gt) 1516f 3.153e 3.90bc 356d 3.79bcd 0.38g 4.02ab 4.186a 3.68cd 3.85hc
NOs (ng gh) 1546e 4.727b 5.227a 4.261cd 4.602bc 0.739 f 4.375bcd 4.545bc 4.318cd 4.148d
90. GUN HA™ HA*

Ozellik/Uyg. K A B C D K A B C D

Mikro Organizma Sayis1 (adet x
10000000) g kuru toprak*

Solunum (g CO2 g kuru toprak h?) ~ 17.44g 25.49a 2329c 2252cd 24.34b 21.28e 2204de 19.93f 2022f 24.25b

5.049e 5.276e 10.49a 10.471a 6.883bc 7.419b 5.828de 5.373de 6.218de 6.964h

Ureaz (ug NH4-N g kuru toprak h™) 54.05h 68.61 efg 89.94 bc 73.29 ef 62.11 gh 84.48cd 96.44ab 102.68a 67.05fg 77.72de
Katalaz (mg O, 5g kuru toprak™ ") 4.6806d 4.2706d 52206d 48606d 3.976d 3.976d 4.036d 4.686d 4216d 3.8506d

Aft (ug p-NP g kuru toprak-* 2" 216.4bc 180.7e 155.3f 184.7e 211.9cd 196.1de 236.4a 233.8ab 209.0cd 206.6 cd
B-Gli. (ug p-NP g kuru toprak™24) 29.18e 30.57de 25.71g 27.35f 3350c 48.83a 34.77c 37.36b 31.09d 37.18b
Dhg (ug TPFg kuru toprak™ 2") 1030b 5.268h 6590f 5737g 9.485c 7.812e 11.56a 8.347d 7.427e 9.787c

Suya dayanikli agregat stabilitesi (%) 36.28b 49.07a 48.22a 3454b 3247b 3287b 36.01b 3344b 3582b 3335b
NH." (ng g?) 1970b 2.790a 1.630cd1516de 1.630cd 1.346e 1.516de 2.823a 1.403de 1.857 bc
NOy (g gb) 4273b 4.000bc 1.079f 1.875e 2159¢ 3.466d 3.579d 4.716a 3.636cd 4.034 be
120. GON HA™ HA*

Ozellik/Uyg. K A B C D K A B C D

Mikro Organizma Say1s1 (adet x
10000000) g kuru toprak™*

Solunum (ug CO2 g kuru toprak h) ~ 9.065bc  7.260 ef 7.260 ef 7.925de 9.350b 11.055a 8.400cd 7.925de 8.020d 6.880 f

6.672c 9.075a 4.107d 7.744b 3.799 def 2.938g 3.490efg 3.295fg 3.945de 1.899h

Ureaz (ug NH.-N g kuru toprak h™) 120.7a 1074b 1214a 90.02c 129.8a 92.60c 110.7b 9453c 96.46c 91.74c
Katalaz (mg O, 5g kuru toprak™ ") 4.225% 3139% 4.346% 3.743% 3.380% 3260% 3.139% 3.743% 3260% 3.139%

Aft (ug p-NP g kuru toprak-* 2" 227.8abc 167.1g 234.9ab 1843f 2415a 211.5de 174.6fg 217.9cde 203.5e 220.8 bed
B-Gli. (ug p-NP g kuru toprak™24) 3490b 31.90e 34.71bc 27.38f 33.06d 36.14a 28.12f 34.99b 2751f 33.77cd
Dhg (ug TPFg kuru toprak*24") 8.456bc 5.046g 5.615f 5.197fg 8.172cd 6.818e 9.34la 7.838d 6.668e 8.806b
Suya dayanikli agregat stabilitesi (%) 41.78d 58.09a 56.12ab 49.03c 53.30b 44.66d 42.48d 4291d 41.68d 44.28d
NH,* (ng g9) 15466 4.727b 5227a 4.261cd 4.602bc 0.739f 4.375bcd 4.545bc 4.318cd 4.148d
NOy (ng gb) 3978d 25579 4650b 5057a 3.25f 4.318c 3.523e 3.864d 3.069f 2557g

* . Ayni harfle gosterilen uygulamalar arasindaki fark istatistiksel olarak onemli degildir (p<0.05).

Incelenen 6zelliklerden MOS, Ure ve Dhg enzim aktiviteleri, suya dayanikli Ast yiizdeleri ve
ekstrakte edilebilen NOs ozellikleri tim donemlerde HA, MGU ve HA x MGU interaksiyonunda
(birlikte etkisinde) 6nemli degisimler gostermistir. Ancak diger toprak biyolojik 6zelliklerinden Kat’in
60. giin HA uygulamasinda ve 90. giin HA x MGU interaksiyonundaki degisimleri 6nemli olmamustir.
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Topraktaki Aft, B-Gli ve NH; ozelliklerindeki degisimler de HA x MGU interaksiyonunda 6nemli
olmustur (Cizelge 2).

MOS 60. giinde en yiiksek 8668832 adet olarak C uygulamasinda goriilmiigken; 90. giinde
10487013 adet ile B uygulamasinda ve 10470779 adet ile C uygulamasinda goriilmiistiir.
Mikroorganizma sayilar1 120. giinde en ¢ok 9074676 adet ile A uygulamasindan elde edilmistir. Her
iic donemdeki bu yiiksek MOS degerleri HA uygulanmayan topraklardan elde edilmistir. En diigiik
MOS ise her ii¢ 6rnekleme doneminde de HA uygulanan sartlarda goriilmiis ve sirasiyla 60. giinde
3545455 adet ile D uygulamasinda, 90. giinde 6964286 ve 120. giinde 1899351 adet ile yine D
uygulamasinda goriilmiistiir. Calismamizda MOS HA varliginda donem farketmeksizin azalmigtir. Li
ve ark. (2019) yaptiklar1 ii¢ yillik yerfistig1 calismasinda HA uygulamasinin 6zellikle bakteri sayisini
azalttigini, mantar sayilarmi artirdigimi ve bu mantarlardan bazilarinin patojenik olduklarim
bildirmistir. Zhou ve ark. (2022)’nin kumlu bir toprakta bentonit ve HA uygulamasi yaptiklar1 yedi
yillik bir calismalarinda, 3-5. yillar arasinda uygulamalarin mikrobiyal biyokiitleyi ancak
artirabildikleri ifade etmislerdir. Calismamuzla iliskilendirilebilecek COMU Ziraat Fakiiltesi Dardanos
arastirma ve uygulama ¢iftligi topraklariin kullanildigi bir bagka inkiibasyon c¢aligmasinda (Uzunboy
ve Tiirkmen, 2018), aragtirmacilar MOS sayilarinin g kuru toprak basina 5000000—15000000 adet elde
edildigini bildirmislerdir. Ayn1 topraklardaki bagka bir calismada ise (Parlak ve ark., 2017)
mikroorganizma sayilarinin toprak derinligine bagli olarak azaldigi bildirilmistir. Arastirmacilarin
(Parlak ve ark., 2017) c¢alismalarindaki 0-15 cm derinliklerdeki topraklarda MOS sayilarinin
calismamizdaki miktarlarla benzer olduklar1 gériilmiistiir.

Toprak solunumu (CO2)’nun en yiiksek degerleri; 60. giinde gram kuru toprak basina 70.775
ug ht ile humik asitli kosullarda A uygulamasinda, 90. giinde 25.493 pg h? ile humik asitsiz
kosullarda A uygulamasinda ve 120. giinde 11.055 pg CO, h' ile humik asitli kosullarda K
uygulamasinda goriilmiistiir. En diisiik solunum degerleri ise; 60. giinde 11.255 pug CO, h ile humik
asitli kosullarda D uygulamasinda goriilmiis olup, 90. giinde bu deger 17.443 ug CO; h ile humik
asitsiz kosullarda K uygulamasinda goriilmiistiir. 120. Giinde ise 6.880 pug CO, h? ile en diisiik
solunum degerleri humik asitli kosullarda D uygulamasinda goriilmiistiir (Cizelge 2). Toprak
solunumu mikroorganizma faaliyetlerinin bir sonucu olup toprak tipi, toprak nemi, toprak organik
maddesi ve toprak sicaklig1 gibi birgok faktore gore degisir (Anderson ve Domsch, 1973; Orchard ve
Cook, 1983; Lloyd ve Taylor 1994; Luo ve Zhou, 2010; Qin ve ark. 2019). Ergilin (2017), findik
biyogar1 uygulamasinin toprakta CO; degerlerini etkileyebildigini ve giinliik ortalama 11.77 mg CO>
100 g! CO; iiretildigini belirtmistir. Ordu ilindeki findik bahgelerinde yapilan ¢alismada (Ay ve
Kizilkaya, 2021) alinan topraklarin CO; iiretimlerinin 0.04-0.23 ml CO, 100g™* saat™ arasinda degistigi
belirtilmigtir. Topraklarin CO> tiretimleriyle ilgili arastirmacilarin giin-saat, gram-mikrogram, gram
bagina veya 100 gram basma CO- iiretimi gibi farkli ifadeler ve yorumlama metot farklari da en az
toprak sartlar1 kadar tartigmay1 zorlagtirmaktadir.

Ureaz (EC 3.5.1.5) iireyi siibstrat olarak kullanarak amonyak ve karbondioksite doniistiiren ve
kofaktdrii Ni*? olan bir enzimdir (Alef ve Nannipieri, 1995). Ureaz enzim aktivitesi dogada g toprakta
0.14 ile 14.3 umol NHs-N h? arasinda degismekle beraber (Nannipieri ve ark., 2002; Kandeler ve ark.,
2011) topraklarin pH, kireg, tuz, organik madde, yagislar ve toplam azot miktar1 gibi; genel toprak
ozelliklerine gore degisebildigi ifade edilmektedir (Kizilkaya ve ark., 1998; Zornoza ve ark., 2006;
Kandeler ve ark., 2011). Calismamizdaki iireaz enzimi degisimleri 6rnekleme zaman1 HA ve MGU ele
alinarak incelendiginde 60. giinde en yiiksek degerler HA  kosullarda gram kuru toprak bazinda
200.35 pg NHs-N h?tile A uygulamasi ve 211.45 ug NHs-N ht ile B uygulamasinda 6l¢iilmiistiir. HA*
kosullarinda ise bu degerler 202.05 ug NHs-N h ile A uygulamasinda ve 214.02 pg NHz-N htile C
uygulamasinda goriilmiistiir. En diisiik tireaz enzim aktiviteleri ise 60. glinde HA™ kosullarinda 54.05
ug NHs-N h'tile yine K uygulamasinda gériilmiistiir (Cizelge 2). Toprakta iireaz enzim aktivitelerinin
farkli uygulamalara, farkli topraklara ve zamana gore farkli seviyelerde elde edildigi goriilmektedir (Li
ve ark., 2019; Hou ve ark., 2021; Wang ve ark., 2022). Zhou ve ark. (2022), kumlu bir toprakta
bentonit ve HA uygulamasi yaptiklar1 ¢alismalarinda uygulamalarin 3-5. yillar1 arasinda iireaz enzim
aktivitesini artirdigini ifade etmislerdir. Tiirkmen ve ark. (2013) Canakkale Biga sartlarinda yaptiklar
mera c¢alismasinda, uygulamalar arasinda ve derinlik bazinda 6nemli farklar oldugunu ve iireaz
miktarlariin 30-43 mg NHz-N 100 g toprak h* seviyelerinde degistigini bildirmislerdir. Bugday
bitkisi altindaki topraklardan farkli zamanlarda ve derinliklerde aliman Orneklerinde iireaz enzim
aktivitesi analizleri de yapilmis ve bugdayin sapa kalkma doneminde en yiiksek enzim degerlerine
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ulagilarak toprakta derinlik artik¢a iireaz enzim aktivitesinin azaldig1 ifade edilmistir (Erdel, 2021).
Topraklarda iireaz enzim aktiviteleri degisken seviyelerde bulunmakta ve bu degiskenlik topraklarin
temel Ozellikleri yaninda yapilan uygulamalardan da kaynaklanmaktadir. Calismamizla
iliskilendirilebilecek ve tartisabilecegimiz ayni topraklar (COMU Ziraat Fakiiltesi dardanos arastirma
ve uygulama ciftligi topraklari) {izerinde iireaz enzim aktivitelerinin yapildigi bir ¢aligmada (Parlak ve
ark., 2017) farkli bitki deseni altindaki topraklarda enzim aktivitelerinin bitki desenine ve toprak
derinliklerine gore degismekle birlikte yaklasik 30-60 mg NHs-N 100 g kuru toprak h? degerleri
arasinda degistigi bildirilmistir.

Enzimlerin topraklarda en biiyiilk kaynagi mikroorganizmalar (Karaca ve ark., 2011) olup
katalaz stabilitesi oldukca yiiksek (Alef ve Nannipieri, 1995) enzimlerdendir. Calismamizda katalaz
enzim aktivitesi incelendiginde 60 ve 120. giinlerdeki MGU x HA interaksiyonlarinin 6nemli oldugu,
sadece 90. giindeki interaksiyonun 6nemsiz oldugu goriilmektedir. Veriler ele alindiginda en yiiksek
katalaz aktivitesi 60. giinde HA esligindeki D uygulamasinda (6.901 mg O, 5g kuru toprak 3dk?)
gorlilmis; sirastyla 90. giinde HA uygulanmayan B uygulamasinda (5.220 mg) ve 120. giinde yine HA
yoklugunda B uygulamasi yapilan topraklardan (4.346 mg) elde edilmistir. En diisiik katalaz enzim
aktiviteleri 60. giinde HA" sartlarinda kontrol uygulamasinda (4.913 mg O, 5g kuru toprak 3dk*) elde
edilmisken; 90. giinde HA* durumunda D uygulamasinda (3.85 mg) goriilmiistiir. Katalaz enziminde
HA* veya HA farketmeksizin 120. giin degerlerinde higbir uygulama arasinda istatistiksel fark
olmamustir. Ancak bu ornekleme doneminde en diisiik katalaz aktivitesi degerleri HA* sartlarinda
3.139 mg O, degerinde; HA  sartlarinda A uygulamasinda ayni degerde Slgiilmiistiir (Cizelge 2).
Katalaz enzim aktivitesi mikrobiyal aktiviteye dolayisiyla da toprak sicakligi, oksijen, toprak nemi ve
besin maddeleri gibi faktorlere bagli olarak degisebilir (Kandeler, 2015). Katalaz enzim aktivitesinin
toprak igleme ile degistigi (Erdel, 2021), topraklardaki organik madde seviyesi ile yakindan iliskili
oldugu (Durmus ve ark., 2011) ve topraklarin N, P, K giibreleri ile katalaz aktivitesinin arttig
(Durmus ve ark., 2011; Kandeler, 2015) tarafindan ifade edilmistir. Konya sartlarinda tuzlu
topraklarda yapilan bir ¢calismada (Yildirim, 2010) katalaz enzim aktivitelerinin genel olarak 1.13-7.33
mg O, 59 kuru toprak 3dk™? arasinda degistigi ifade edilmistir. Zhou ve ark. (2022), kumlu toprakta
bentonit ve HA uygulamasi yaptiklari ¢alismada 3-5. yillar arasinda uygulamalarin katalaz enzim
aktivitesini artirdigini ifade etmislerdir. Erdel (2021), yaptigi ¢alismada bugday bitkisi altindaki
topraklardan farkli zamanlarda ve derinliklerde aldig1 6rneklerde katalaz enzim aktivitesi analizlerini
yapmis ve katalaz enzimindeki degisimlerin bitki gelisim periyodu boyunca Onemsiz derecede
degisimler gosterdigini, ancak toprak derinliginin artmasiyla katalaz aktivitesinin diistiigiini
bildirmistir. Tiirkmen ve ark. (2013) Biga (Canakkale) sartlarinda yaptiklar mera c¢alismasinda,
uygulamalar arasinda ve derinlik bazinda inceledikleri enzim aktivitelerinde 6nemli farklar oldugunu
ve katalaz enzim aktivitesi sonuglarinin 3.72 -7.42 mg O 5 g toprak 3 dk* seviyelerinde degistigini,
Anamur ve Tiirkmen (2021) ise Bayramic¢ (Canakkale) sartlarinda yaptiklar1 ¢alismada 0-30 cm
derinlikteki topraklarda HA uygulamalarinin katalaz enzim aktivitesine olumsuz etkileri oldugunu ve
katalaz enzim aktivitelerinin HA dozlar1 arttik¢a azaldigini bildirmislerdir. Yapilan ¢alismalardan da
anlagilacagi gibi topraklarda katalaz enzim aktiviteleri degisken seviyelerde bulunmakta ve bu
degiskenlik topraklarin temel Ozellikleri yaninda yapilan uygulamalardan da kaynaklanmaktadir.
COMU Ziraat Fakiiltesi Dardanos arastirma ve uygulama ¢iftligi topraklar iizerinde katalaz enzim
aktivitelerinin de incelendigi bir ¢aligmada (Parlak ve ark., 2017) farkli bitki ortiisii altindaki
topraklarda ve farkli derinliklerde katalaz enzim aktivitelerinin degisken oldugunu bildirmiglerdir. Bu
topraklarda daha 6nce HA ve MGU yapilarak topraktaki enzim aktivitesi 6zelliklerinin incelendigi
bagka bir ¢alismaya rastlanmamustir.

Alkali fosfataz enzimi (EC 3.1.3.1), organik fosforun hidrolizini katalizledigi (Nannipieri,
1994) igin tarimsal iiretim agisindan ¢ok Onemli bir enzimdir. Calismamizda HA ve MG
uygulamalarinin organik karakterli olmasi ve denemede kullanilan toprak ozellikleri Aft enzim
aktivitesi analizinin yapilmasim gerektirmistir. Alkali fosfataz enzim aktiviteleri kuru toprak bazinda
inkiibasyonun 60. giinde en yiiksek degerler HA™ kosullarda 232.2 ug p-NP g toprak® 24 h? ile D
uygulamasinda iken, 90 giinde HA* kosullarda 236.37 ug p-NP g toprak® 24 h ile A uygulamasinda
olmustur. ikinci 6rnekleme (120. giin) déneminde en yiiksek Aft aktivitesinin humik asitsiz kosullarda
241.45 pg p-NP g toprak™ 24 h ile D uygulamasinda oldugu gériilmiistiir. {lk 6rnekleme doneminde
en diisiik Aft degeri HA+ kosullarda 134.10 pug p-NP g toprak® 24 h? ile A uygulamasinda elde
edilmisken, 90. giinde HA™ kosullarda 155.27 ug p-NP g toprak® 24 h*! degeriyle B uygulamasinda
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goriilmiistiir. Son 6rneklemelerde (120. giin) HA™ kosullarda 167.13 pg p-NP g toprak® 24 h' ile A
uygulamasinda Aft aktivitesi oldugu goriilmiistiir (Cizelge 2). Yapilan ¢aligmalara gz attigimizda;
Sun ve ark. (2020), 70 giinliik inkiibasyon ¢alismasina gore uyguladiklart HA’in farkli fraksiyonlarinin
ozellikle asit ve alkali fosfataz aktivitelerini arttirdigini bildirmislerdir. Okur ve ark. (2007)’nin
yaptiklar1 ¢aligmada alkali fosfataz aktivitelerinin 306.23 - 475.11 ug p-NP g* h? arasinda degistigi
belirtilmistir. Urfada musir yetistirilen topraklarda yapilan bir baska calismada (Kiiciik ve Cevheri,
2018) alkali fosfataz enziminin 7.04-82.04 ug p-NP g kuru toprak™ arasinda degistigi bildirilmistir.
Kravkaz Kuscu (2019) alkali fosfatazin topragin biyolojik 6zelliklerine gore olumlu veya olumsuz
yonde etkilenebilecegini ve ksenobiyotikler (yapay kirleticiler) gibi antropojenik etkilerin alkali
fosfataz enzim aktivitesini olumsuz ydnde etkiledigini bildirmistir. Erdel (2021) bugday bitkisi
altindaki topraklardan farkli zamanlarda ve derinliklerde aldigi 6rneklerde alkali fosfataz enzim
aktivitesinin bugdayin sapa kalkma déneminde en yiiksek degerlerine ulastigini bildirmistir. Yapilan
caligsmalardan da anlasilacag: lizere toprakta alkali fosfataz enzim aktiviteleri cok degisken olan toprak
ozellikleri yaninda topraga uygulanan materyallere gore de farkli aktiviteler sergilemektedir.
Caligmamizda elde edilen alkali fosfataz enzim aktivitesi degerleri Onceki caligmalara benzer
araliklarda elde edilmis ancak COMU Ziraat Fakiiltesi Dardanos arastirma ve uygulama g¢iftligi
topraklar1 iizerinde alkali fosfataz enzim aktivitelerinin HA ve MGU uygulamalar1 yapilarak
incelendigi benzer bagka bir ¢aligmaya rastlanmamugtir.

B-Glikozidaz enzimi (EC 3.2.1.21) karbon doéngiisiinde ¢ok Onemli rolii olan ve karasal
ekosistendeki organik bilesiklerden en ¢ogu olan seliilozun parcalanmasinda yer alan anahtar roldeki
bir enzimdir (Stege ve ark., 2010). B-Gli enzimi toprakta maltoz ve sellobiyozun hidrolizinde katalizor
olarak goérev yapar. Bu yoniiyle B-Gli enzimi topraklarin organik madde igerigindeki degisikliklerin
giivenilir bir gostergesi (Bell ve ark., 2010; Kandeler, 2015) olarak kullanilabilir. Calismamizda HA
kullanilmas1 ve bunun farkli MGU esliginde yapilmasit B-Gli enzimini izlememiz geregini ortaya
koymustur. Bu nedenle ¢alismamizdaki her {i¢ donemde de yapilan B-Gli analiz sonuglar1 incelenerek
tartistlmustir. {1k 6rnekleme déneminde (60. giin) en yiiksek B-Gli enzimi HA* kosullarda gram kuru
toprak basma 54.32 pg p-NP 24 h? ile C uygulamasinda goriilmiisken; 90. giinde HA* kosullarda
48.83 ug p-NP 24 h? degeri ile K uygulamasinda olmus ve 120. giinde yine HA* kosullarda 36.140 pg
p-NP 24 h' ile yine K uygulamasinda goriilmiistiir. [lk 6rneklemede (60. giin) en diisiik deger ise HA™
kosullarda 31.390 pg p-NP 24 h-1 ile A uygulamasinda goriilmiisken, 90. giinde HA  kosullarda
25.705 pg p-NP 24 h't ile B uygulamasinda ve 120. giinde ise yine HA™ kosullarda 27.377 pg p-NP 24
h' ile C uygulamasinda goriilmiistiir (Cizelge 2). Calismamizdaki B-Gli aktivite degerleri, énceki
caligmalardan farkli konular, farkli topraklar ve farkli uygulamalardan elde edilmesine ragmen benzer
araliklarda elde edilmistir (Kizilkaya ve ark., 1998; Laic ve ark., 2002; Turgay ve ark., 2004; Tamer ve
Karaca, 2006; Karaca ve ark., 2006; Giinal ve ark., 2018; Tamer ve Namli, 2018). Calismamizin
yapildig1 topraklarda B-Gli enzim aktivitelerinin incelendigi tartisabilecek baska bir caligmaya
rastlanmamustir.

Dehidrogenaz enzim (EC 1.1.1) aktivitesinin herhangi bir ekosistemdeki toplam mikrobiyal
aktivitenin bir Olgiisli olarak kullanilabilecegi belirtilmektedir (Casida, 1977). Calismamizda HA ve
MGU sonrasi diger toprak biyolojik aktiviteleri yaninda Dhg enzim aktivitesi analizi de mikrobiyal
aktivitenin bir 6l¢iitii olarak yapilmustir. Calismamizda en yiiksek Dhg enzim aktivite degerleri HA*
kosullarda gram kuru toprak basina 14.555 pg TPF 24 ht ile 60. giinde, 11.56 pg TPF 24 ht ile 90.
Giinde ve 9.341 pg TPF 24 h ile 120. giinde HA" kosullarda A uygulamasinda goriilmiistiir. Elde
edilen en diisiik Dhg enzim aktiviteleri ise g kuru toprak basina HA™ kosullarinda 5.687 ug TPF 24 h!
ile 60. giin, 5.268 ug TPF 24 h ile 90. giin ve 5.046 pg TPF 24 h ile 120. giinde yine A uygulamasi
yapilan topraklardan elde edilmistir (Cizelge 2). Dehidrogenaz enzimiyle ilgili iilkemizdeki bazi
caligmalarda farkli konular, topraklar ve bulgulardan bahsedilmektedir. Calismamizda elde edilen
dehidrogenaz enzim aktivitesi degerleri genel olarak onceki caligmalara benzer araliklarda elde
edilmistir (Okur ve ark., 2007; Kizilkaya, 2008; Durmus ve Kizilkaya, 2016; Kizilkaya ve ark., 2019;
Ozdemir ve ark., 2018). Caligma topraklarimizda dehidrogenaz enzim aktiviteleri genel olarak HA
uygulanmasiyla olumlu etkilenmis bu durum Okur ve ark. (2007)’nin leonardit, HA ve Biofarm
uyguladigi ¢alisma sonuglariyla uyusmaktadir.

Toprakta ozellikle suya dayanikli agregatlarin yiiksekligi toprakta verimliligin korunmasi
(erozyona dayanma) ve siirdiiriilebilir tarimin saglanmasi ile ilgili ¢ok onemli bir fiziksel toprak
ozelligidir (Brevik ve ark., 2015). Toprak partikiillerinin kararli mikro-agregatlar olusturmak igin
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organik kolloid, inorganik kolloid ve organik-inorganik kompleksler ile ¢imentolandigini; bunu
saglamada ise mikroorganizmalarin, {irlin artiklari, polisakaritler, bitki kokleri ve koklere baglanan
mikorizal hifler gibi gecici ¢imentolayicilarin etkisinin biiyiik oldugu ve agregatlar1 bu tiir yapilarin
olusturdugu ifade edilmistir (Gao ve ark., 2021). Calismamizda 60. giinde en yiiksek suya dayanikli
Ast degerleri HA™ kosullarda %67.15 ile A uygulamasinda ve HA* kosullarinda %64.79 ile C
uygulamasinda goriilmistir. En yiiksek degerler 90. giinde yine HA  kosullarda %49.07 ile A yine
uygulamasinda ve %48.22 degeriyle de B uygulamasinda goriilmiistir. HA™ yoklugunda 120. giinde
%58.09 ile A uygulamasi suya dayanikli agregat yiizdesi verdigi goriilmiistiir. Toprakta agregat
stabilitesi’nin disiik degerleri ele aliminca 60. giinde HA* kosullarda %43.07 ile K uygulamasinda
gorlilmistiir. Bu degerler 90. giinde HA" kosullarda %34.47 ile D uygulamasinda goriilmiistiir. HA*
kosullarda 90. giindeki diisiik degerler ise %32.87 ile K uygulamalarinda goriilmiistiir. HA- kosullarda
120. giindeki diisiik deger %41.68 ile C uygulamasinda goriilmiistiir (Cizelge 2). Toprakta Ast ile ilgili
bircok c¢alismaya gore; topragin temel Ozellikleri ve yapi taglarina gore agregat dayanikliliginin
degistigi ifade edilmektedir (Andrews ve Carroll, 2001; Yilmaz ve ark., 2005; Huang ve Xu, 2010;
Brevik ve ark., 2015; Gao ve ark., 2021). Caligmamizda elde edilen Ast degerleri genel olarak 6nceki
caligmalara (Canbolat, 1992; Haynes ve Beare, 1997; Albiach ve ark., 2001; Yilmaz ve ark., 2005-
2008; I¢ ve Giilser, 2008; Turgut ve Aksakal, 2010; Sar1 ve Oztas, 2017; Gociik ve Demir, 2021;
Glimiis, 2019; Kizilkaya ve ark., 2019) benzer araliklarda elde edilmistir.

Azot dogada canlilar igin karbon, oksijen ve hidrojenden sonra en ¢ok gerekli olan (Galloway
ve ark., 2008) ve atmosferde en ¢ok bulunan elementtir. Azot atmosferden sonra en ¢ok karasal
ekossistemde bulunmakta ve toplam azot fiksasyonunun yarisindan antropojenik olaylar sorumluyken,
diger yarisindan dogal mikroorganizmalar sorumludur (Fowler ve ark., 2013). Topraga fikse olan
azotun bitkiler tarafindan alinabilmeleri agisindan amonyum ve nitrat bilesikleri halinde bulunmalidir
(Kacar, 2009; Zhang ve ark., 2020-2021). Caligmamizda topraklardan ekstrakte edilen NH4
degisimleri 6rnekleme donemlerine gore incelenmis ve ilk drneklemede (60. giin) en yiiksek degerler
HA* kosullarinda sirasiyla 4.020 pg gt ve 4.186 ng g! degerleri ile A ve B uygulamalarinda
goriilmiistiir. 90. giinde HA™ kosullarda 2.789 pg g? ile A uygulamasinda ve HA* kosullarda 2.823 ug
g!ile B uygulamasinda goriilmiistiir. 120. giinde ise 4.727 pg g degeri ile A uygulamasinda oldugu
goriilmiistiir. En diigsiik NHs miktarlar1 60. giinde hem HA™ kosullarda sirasiyla 0.380 pg g™ ile kontrol
uygulamasinda goriilmiisken, 90. giinde HA* kosullarda 1.346 pg g* ile K uygulamasinda olmustur.
Amonyum miktarlar1 120. giinde HA* kosulda 0.739 ug g degeri ile yine K uygulamasinda
goriilmistiir. Nitrat bakimindan ise ¢alismamizdaki en yiiksek ve en diisiik degerler ele alindiginda 60.
giinde en yiiksek deger HA ™ kosullarda 5.227 pg g! ile B uygulamasinda iken, 90. giinde HA"
kosullarda 4.716 pg g* ile B uygulamasinda goriilmiistiir. Bu deger 120. giinde ise HA™ kosullarda
5.057 pg g?ile C uygulamasinda goriilmiistiir. En diisiik degerler 60. giinde HA* kosullarda 0.739 ug
gt ile K uygulamasinda iken, 90. giinde HA™ kosullarda 1.079 pg g* ile B uygulamasinda olmus ve
120. giinde ise HA™ kosullarda 2.557 pg g? ile A uygulamasi ve HA* kosullarda 2.5568 ug g ile D
uygulamasinda goriilmistiir (Cizelge 2). Topraklarda azot ¢ok dinamik bir element olup, toplam ve
ekstrakte edilebilir amonyum ve nitrat degerleri topragin bir¢ok 6zelligine gore degismekte (Maynard
ve ark., 1993; Bellitiirk ve ark., 2007; Kacar, 2009; Giinal ve ark., 2017; Erdil ve ark.,2018; Aydin ve
ark., 2018; Zhang ve ark., 2021) ve calismamizda elde edilen degerlerle kismen Ortiigmektedir.
Caligmamizda elde edilen degerlerle bildirilen degerlerin benzesmeme durumunun nedeni olarak;
calismamizin diger ¢alismalarin farkli topraklarda, farkli ekstraksiyon metotlariyla elde edilmeleri ve
topraga yapilan farkli uygulamalar oldugu diisiiniilmektedir.

Sonuc ve Oneriler

Bu calismada; son yillarda tarimsal iiretimde kullanimi giderek artan BGTB’lerden ii¢
mikrobiyal preparat yerli bir humik asit esliginde veya humik asit verilmeden topraklara
uygulanmistir. Bu topraklardan kontrollii inkiibasyon sartlarinda 60., 90. ve 120. giinlerde 6rnekler
alinarak; Ure, Kat, Dhg, Aft ve B-Gli enzim aktiviteleri belirlenmistir. Her ii¢ donemde alinan bu
topraklarda ayn1 zamanda mikrobiyal solunum, mezofil aerobik mikroorganizma sayilari, amonyum,
nitrat ve suya dayanikli agregat stabilitesi analizleri yapilmistir. Elde edilen analiz sonuglarinin humik
asit ve mikrobiyal gilibre uygulamalarma bagimli degiskenlikleri her ii¢ drnekleme doneminde de
istatistiksel olarak incelenmistir. Elde edilen sonuglara gore; her li¢ 6rnekleme doneminde HA ve
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MGU’nin tek baglarina veya birlikte uygulandiklarinda incelenen toprak ozellikleri {izerine etkileri
farkli derecelerde goriilmiistiir.

HA uygulamasmin tek basina; Kat, B-Gli ve NH., o6zelliklerine etkisi 60. giinde 6nemsiz
olmusken; yalniz MGU uygulamalariyla incelenen tiim toprak ozelliklerinin degisimi Onemli
olmustur. HAXMGU interaksiyonu dikkate alindiginda yine tiim Ozelliklerin degisimi Onemli
olmustur. Ikinci donemde tek basina MGU’a gére Aft degisimleri dnemsiz olmusken; HAxXMGU*‘nda
yalmzca Kat. degisimleri énemsiz, diger tiim 6zellikler 6nemli olmustur. Ugiincii 6rneklemede ise HA
uygulamasiyla CO,, Aft ve B-Gli degisimleri énemsizken; diger 6zellikler énemli olmustur. Bu
dénemde MGU tek basina ve HAxMGU’nda yine tiim 6zelliklerin degisimi 6nemli olmustur. Tiim
sonuglar ele alindiginda; her ii¢ 6rnekleme doneminde HA ve MGU’nin tek baglarina veya birlikte
uygulanmalarinin incelenen toprak ozellikleri iizerine farkli seviyelerde ve olumlu veya olumsuz
yonde olmustur. Bu tiir uygulamalarin genel anlamda toprak biyolojik 6zelliklerini ve toprak kalite
ozelliklerini iyilestirmeleri yoniiyle tesvik edilmesi gerektigi belirtilebilir.

Glinlimiiz kosullarinda iilkemiz topraklarindaki organik madde miktarmin diisiik olmasi
stirdiiriilebilir toprak verimliligi acisindan biiyiikk 6nem arz etmektedir. Siirdiiriilebilirligin saglanmasi
icin HA ve benzeri organik maddelerin topraklara verilmesi topragin organik kisminin ve dolayisiyla
da mikrobiyal biyokiitlesinin arttirtlmasini tesvik edilebilir. Ancak topraklara katilacak organik madde
kaynaklarinin son yillarda kullanimi giderek artan mikrobiyal giibrelerle birlikte uygulanmalari,
organik maddelerin mikrobiyal giibrelere etkileri ve farkli bitkilerin verim o6zelliklerine etkilerinin
detayli bilinmesi gerekmektedir. Bunun i¢in ¢alismamiza benzer bilimsel ¢alismalarin arttirilarak dnce
inkiibasyon, sonra sera, sonra da tarla denemeleriyle desteklenmesi gerekmektedir.

Ayrica g¢esitli organik ve mikrobiyal materyaller kullanilarak farkli bakis acilariyla
kurgulanmig verim artiran ¢aligsmalarin ticari giibrelerle birlikte kullanim olanaklar1 ekonomik agidan
sorgulanmalidir. Siirdiiriilebilirlik ve verimlilik agisindan gerek iilkemizde gerekse diinyada bu tiir
caligmalar arttirilmal1 ve gesitli mikroorganizmalar insanligin hizmetine sunulmalidir.
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Oz
Bu ¢alismanin amaci, Elaeagnus angustifolia L. bitkisi metanol ekstraktinin Meloidogyne incognita'ya
kars1 toksikolojik potansiyelini in vitro ve kontrollii kosullar altinda domates iizerinde aragtirmaktir. Calismada
igde yapragindan elde edilen ekstraktin dort konsantrasyonu [0 (seyreltilmemis), %25, %50 ve %100
seyreltilmis] kullamlmistir. In vitro’da 9 ml ekstrakt igeren petrilere 20 adet ikinci dénem larva (L2) ml? iceren
1 ml siispansiyon eklenmistir ve 48 saat sonra 6lii bireyler sayilarak 6liim orani kaydedilmistir. Kontrolli
kosullar altinda, nematoda hassas Ozkan F1 domates cesidinde her konsantrasyon igin tesadiif parselleri deneme
deseninde 5 tekerriirlii olarak kurulmustur. Domates fideleri saksilara sasirtildiktan bes giin sonra her saksiya
500 L2 ile nematod inokulasyonu gerceklestirilmistir. Nematod inokulasyonundan 24 saat sonra 1000 ppm/saksi
igde yaprag: ekstrakti konsantrasyonlarina goére topraga uygulanmigtir. Elli glin sonra kdklerdeki gal sayisi ve
yumurta paketleri sayilmistir. /n vitro L2 mortalitesi, igde metanol yaprak ekstraktinin konsantrasyonu
seyreltildiginde azalirken, domates koklerinde ur ve yumurta paketi sayisinda artis olmustur. En yiiksek
baskilayic1 etki seyreltilmemis konsantrasyonda bulunmustur. Elaeagnus angustifolia ekstraktinin toksik
potansiyele sahip oldugu ve kok ur nematodunun kontroliinde kullanilabilecegi sonucuna varilnugtir. igde yaprak
ekstraktinin nematisit etkisi ilk kez bu ¢alismada gosterilmistir.
Anahtar Kelimeler: Biyolojik Miicadele, igde, K6k Ur Nematodu, Methanol, Yaprak Ekstrakti.

Use of Oleaster (Elaeagnus angustifolia L.) Leaf Extract against Root Knot Nematode

Abstract

The aim of this study was to investigate the toxicological potential of the methanol extract of Elaeagnus
angustifolia L. plant against Meloidogyne incognita in vitro and under controlled condition on tomato. Four
concentrations of the extract obtained from oleaster leaves [0 (undiluted), 25%, 50% and 100% diluted] were
used in the study. In vitro, 1 ml of suspension containing 20 second juvenile larvae (J2) ml-! was added to petri
dishes containing 9 ml of extract, and the mortality rate was recorded after 48 hours by counting the dead
individuals. Under controlled conditions, randomized plots of Ozkan F1 nematode susceptible tomato cultivar
was established in a trial design with 5 replications for each concentration. Five days after the tomato seedlings
were transplanted into the pots, nematode inoculation was carried out with 500 J2 in each pot. At 24 hours after
nematode inoculation, oleaster leaf extract was applied to the soil at concentrations of 1000 ppm/pot. The
number of galls and egg masses were counted on roots after 50 days. In vitro J2 mortality was decreased as the
concentration of the oleaster methanol leaf extract was diluted, while there was an increase in the number of
galls and egg masses on tomato roots. The highest suppressive effect was found at the undiluted concentration. It
is concluded that extract of E. angustifolia has toxic potential and can be used for the control of root knot
nematode. The nematicidal effect of the leaf extract of oleaster was demonstrated for first time in this study.
Keywords: Biological Control, Oleaster, Root Knot Nematode, Methanol, Leaf Extract

Giris

Meloidogyne incognita, diinyada tropikal ve subtropikal bolgelerde yetistirilen domateste ciddi
zararlara neden olan bitki paraziti nematod tirtidiir. Bulasik bitkilerde genellikle kiigiik yapraklarda
bodurlasma ve gilindiiz solgunluk semptomlari goriilmektedir. Domateste kok ur nematodu
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miicadelesinde daha ¢ok kimyasal yontem ve Mi geni iceren dayanikli ¢esit tercih edilmektedir (Wang
ve ark., 2006; Devran ve ark., 2016). Ancak insan, hayvan ve gevreye verdikleri zararh etkilerinden
dolay1 kok-ur nematodlart miicadelesinde kullanilan ¢ok amagh fumigant ve nematisitlerin birgogu
yasaklanmistir (Youssef ve ark., 2017; Pardavella ve ark., 2021). Ayrica dogal olarak yada Mi geni
tagiyan bitkilerin birkag nesil boyunca siirekli yetistirilmesi nedeniyle viriilent popiilasyonlarin ortaya
ciktigi goriilmektedir (Hajihassani ve ark., 2022). Bitkisel kokenli ekstrakt, ugucu yag veya
bilesenlerinin nematod yonetiminde uygulanmasi c¢evre dostu stratejiler arasinda yer almaktadir.
Bitkilerin sekonder metabolitleri, biiyiik bir biyoaktif madde kaynag: olusturmakta ve bitki koruma
alaninda pestisit gelistirme olanagi sunmaktadir (Caboni ve ark. 2015, Pang ve ark., 2021). Son
yillarda diinyada kok-ur nematodlarma karst bitkisel ekstraktlarin kullanimi 6nem kazanmis ve
Diinyada ve Ulkemizde bu konuda ¢ok sayida ¢alisma yapilmistir (Douda ve ark., 2010; Pavaraj ve
ark., 2012; Aydinli ve Mennan, 2014; Kepenekgi ve ark., 2017).

Elacagnacea familyasina ait olan Elaeagnus angustifolia L. (igde ) diinyada bir¢ok alanda
dogal olarak bulunan veya kiiltiire alinan genellikle kiiciik kirmizimsi-kahverengi elips seklinde
meyvelere ve keskin uclu kisa sapli uzun eliptik yapraklara sahip olan ¢ali tiirii bir bitkidir. Igde bir¢ok
Avrupa kentinde siis agaci olarak kullanilmasina ragmen, Orta ve Dogu Anadolu'da yenilebilir
meyveleri i¢in yaygin olarak yetistirilmektedir (Cansev ve ark., 2011). Bununla birlikte, kok, agag
kabugu, cigek, yaprak ve meyve gibi bitkinin tiim kisimlar1 gida, ilag, parflimeri endiistrileri gibi farkli
kullanim alanlarinda degerlendirilmektedir (Hassanzadeh ve Hassanpour, 2018). Son caligmalar
igdenin antioksidan, antiinflamatuvar, antimikrobiyal ve antikanser 6zelliklerine isaret etmektedir
(Hamidpour ve ark., 2017). Igde bitkisi flavonoid bilesikler, polisakkaritler, sitosteroller,
karotenoidler, kardiyak glikozitler, terpenoidler, kumarinler, fenol karboksilik asitler, aminoasitler,
saponinler, karotenoidler, vitaminler ve tanenleri icermektedir (Berktas ve Cam, 2020). Igde'nin
metabolik ozitlerininbakteri, fungus ve zararlilara karsi miicadelede kullanilabilecegi arastiricilar
tarafindan rapor edilmistir(Okmen ve Turkcan, 2013, Bahraminejad ve ark., 2015, Farzaei ve ark.,
2015, Khan ve ark., 2016, Anjum ve ark., 2017). Torbati ve ark. (2016), igde yapragindan elde edilen
ucucu yagin ana bilesenlerini E-etil sinnamat (%37,27), fitol (%12,08), nonanal (%10,74) ve Z-3-
heksenil benzoat (%7,65) olarak bildirmistir. Ayrica ayni arastiricilar bocek 6ldiiriicti veya fungus
Onleyici amaglarla uygulandiginda, insan kullanimi veya memeliler i¢in zararsiz bir tiriin olarak kabul
edilebilecegini belirtmislerdir. Ancak igdeden elde edilen bitkisel ekstraktlar ile ilgili nematisidal
aktivite heniiz bildirilmemistir.

Bu calismada igdenin yaprak ekstraktinin in vitro ve kontrollii kosullar altinda domateste M.
incognita tizerindeki nematisidal etkisi arastirilmistir.

Materyal ve Yontem

igde yaprak ekstraktimn hazirlanmasi

Igde yapraklart Isparta Uygulamali Bilimler Universitesi biinyesinde yer alan Egitim
Aragtirma Ciftlik arazisinde bulunan ve herhangi bir uygulamanin yapilmadigi agagtan Temmuz, 2022
yilinda alinmistir. Agacin farkli yerlerinden toplanan yapraklar homojen bir sekilde karigtirilmis, bes g
yaprak tartilmis ve konik bir siseye almmustir. Uzerine 80 ml metanol eklenerek 40°C'de 130 rpm'de
bir gece calkalayicida bekletilmistir. Daha sonra iizerine tekrar 80 ml metanol eklenerek ayni islem
dort kez daha tekrarlanmistir (Vinodhini ve ark., 2019). Bes giin sonunda olusan yaprak ekstrakti
siiziilerek silispansiyon konsantresi ayrilmis ve denemeler kuruluncaya kadar +4°C'de buzdolabinda
bekletilmistir.

ikinci Dénem Larvalarin Elde Edilmesi

Denemede iklim odasi kosullarinda (24+1 °C, %60+5 nem) kitle tiretimi Tueza F1 domates
cesidinde devam ettirilen M. incognita ISP izolat1 kullanilmustir. Kitle tiretimi yapilan urlu domates
koklerinden binokiiler mikroskop altinda yumurta paketleri ¢ikarilarak distile su igeren 9 cm petri
igerisinde elekler igerisine alinarak 28°C'de ii¢ giin inkiibe edilmistir. Bu sekilde yumurta
paketlerinden ikinci donem larvalarin (L2) ¢ikislart saglanmustir. Isik mikroskobu altinda L2 sayimlari
yapilarak efendorf tiipleri icerisine alinmis ve denemede Kkullanilmak iizere +4 °C’de saklanmistir
(Goze Ozdemir ve ark., 2022).

igde yaprak ekstraktimn in vitro kosullarda Meloidogyne incognita'mmn ikinci dénem
larvalan iizerindeki nematisidal etkisinin belirlenmesi
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Denemede igde yaprak ekstraktinin 4 konsantrasyonu [0 (seyreltilmemis), seyreltilmis %25,
%50 ve %100] kullanilmistir. Deneme tesadif parselleri deneme deseninde her konsantrasyon igin 5
tekerriir olacak sekilde 6 cm gapli petri kaplarinda yiritilmistiir. Meloidogyne incognita L2
mortalitesi iizerindeki etkisini belirlemek i¢in, her bir igde ekstrakti konsantrasyonundan 9 ml petri
kaplarina dokiilmiis ve igine yeni yumurtadan ¢ikmis 20 L2 ml? igeren 1 ml siispansiyon eklenmistir.
Dokuz ml steril damitilmis su igeren petriye bir ml L2 siispansiyonu eklenerek kontrol olarak
kullanilmistir (Vinodhini ve ark., 2019). Kirksekiz saat sonra 1sik mikroskobunda sayim yapilmis,
nematodlar ince bir igne ile dokunulduklarinda hareket etmezlerse 6lii kabul edilmislerdir. Deneme 2
kez tekrarlanmis ve yiizde 6liim degerleri abbott formiilii (m) ile hesaplanmistir (Finney, 1978). Daha
sonra ortalamalar1 alinarak istatistiki analize tabi tutulmustur.

m = 100 (1- (nt/nc)) (m = 6liim yilizdesi, nt = uygulamadan sonra canli nematodlarin sayisi ve
nc = su kontroliindeki yasayabilirlerin say1st)

Kontrollii kosullar altinda domateste Meloidogyne incognita'ya karsi igde yaprak
ekstraktlarinin etkisinin arastirilmasi

Calisma iklim odas1 kosullarinda (24+1 °C, %60+5 nem) saksilarda, nematoda hassas oldugu
bilinen otuzbes giinliik Ozkan F1 domates fideleri ile yiiriitiilmiistiir. Deneme tesadiif parselleri
deneme deseninde her konsantrasyon icin 5 tekerriirlii olacak sekilde kurulmustur. Olympos Fide
(Kumluca, Antalya)’den temin edilen domates fideleri steril 300 g (%68 kum, %21 Silt ve %11 kil)
toprak karisimi iceren 250 ml hacime sahip plastik saksilara her tekerriire 1 domates fidesi gelecek
sekilde sasirtilmistir. Denemede igde yaprak ekstraksiyonunun 4 (%0, %25, %50 ve %100)
konsantrasyonu ile ¢aligilmistir. Sagirtmadan 5 giin sonra her saksiya 500 L2 gelecek sekilde nematod
inokulasyonu gergeklestirilmistir (Vinodhini ve ark., 2019). Nematod inokulasyonundan 24 saat sonra
igde yapragi ekstraktlar1 konsantrasyonlara gore her saksiya 1000 ppm gelecek sekilde topraga
uygulanmig ve iyice karigmasi saglanmistir (Yin ve ark., 2012). Negatif kontrol olarak nematod
inokulasyonu yapilmis ve ekstrakt yerine distile su uygulanmis bitkiler kullanilmistir.

Nematod inokulasyondan 50 giin sonra deneme sonlandirilmistir. Daha sonra bitkiler sokiiliip,
bitkinin koklerindeki topraklardan arindirilmasi igin temiz su ile yikanmus, kokler asit fuksinle
boyandiktan sonra gal ve yumurta paketi sayimi yapilmistir (Moltmann, 1988).

Istatistiksel analiz

In vitro ve kontrollii kosullar altinda vyiiriitilen deneme sonucu elde edilen verilerin
istatistiksel analizi i¢in SPSS (versiyon 20.0) programi kullanilmis ve ortalamalar arasindaki farklar
test etmek i¢in varyans analizi (ANOVA) yapilmistir. Ortalamalar, P< 0.05'te Tukey HSD testi ile
karsilagtirilmustir.

Bulgular ve Tartisma

Igde yaprak ekstraktinin seyreltilmemis ve %25 oraninda seyreltilmis konsantrasyonunun in
vitro kosullarda M. incognitamin L2’leri lizerindeki etkisi sirasiyla %66.0 ve %50.4 bulunmus ve
aralarindaki fark istatistiki olarak Onemli saptanmustir (P<0.05). Yiizde 50 ve %100
konsantrasyonlarinda seyreltilme ile birlikte L2 iizerindeki etkinin diistiigii goriilmiistiir. Oliim
tizerindeki etkide konsantrasyonlarmn onemli oldugu belirlenmistir (F=55.11, p<0.001). En disiik
konsantrasyonda (%100) L2 {izerindeki oliim etkisi %15 olarak tespit edilmistir. Kontrolle
kiyaslandiginda igde yaprak ekstraktinin tiim konsantrasyonlarmin L2 iizerinde etkili oldugu, ancak
seyreltilme arttik¢a etkinin azaldigi bulunmustur (Cizelge 1).

Cizelge 1. igde yaprak ekstraktinin farkli konsantrasyonlarmin ikinci dénem larva iizerinde yiizde 6liim etkisi

%

Sl'ak))le 1. Percent mortality effect of different concentrations of oleaster leaf extract on second juvenile larvae (%)
Konsantrasyon Yiizde 6liim+Standart Hata

0 (Seyreltilmemis) 66.0+3.3 a*

%25 50.4+2.8 b

%50 35.4+3.3¢C

%100 15.0+1.9d

Kontrol -

*Ayni siitundaki kiigiik harfler konsantrasyonlar arasindaki istatistiki farki ifade etmektedir (P<0.05).
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Kontrollii kosullarda domateste yiiriitiilen denemede gal ve yumurta paketi sayisi ortalamasi
en az seyreltilmemis igde yaprak ekstraktinda saptanirken, en yiiksek kontrolde belirlenmistir.
Seyreltme arttikca domates koklerinde gal ve yumurta paketi sayist da artmistir. Ancak kontrolle
kiyaslandiginda tiim konsantrasyonlarin gal ve yumurta paketi sayisi lizerinde dnemli azaltici etkisinin
oldugu goriilmektedir. Yiizde 25 ve %50 konsantrasyonlarinin gal ve yumurta paketi sayisi
ortalamalar1 aralarinda istatistiki fark bulunmamistir (P>0.05). Konsantrasyonlarin gal (F=95,06) ve
yumurta paketi (F=95,94) sayisina etki ettigi goriilmiistiir (Cizelge 2).

Cizelge 2. igde yaprak ekstraktimin farkli konsantrasyonlarinin domates koklerinde Meloidogyne incognita min
gal ve yumurta paketi sayisina etkisi

Table 2. Effect of different concentrations of oleaster leaf extract on the number of gall and egg mass of
Meloidogyne incognita on tomato roots.

Konsantrasyon Gal sayist ortalamasi=Standart Yumurta paketisayisitStandart
Hata Hata

0 20.4+1.7 a* 18.2+1.3 a

%25 42.8+2.8 b 40.0+£3.5b

%50 57.0£3.7b 56.4+3.2 b

%100 89.6+3.1¢c 84.8+2.7 ¢

Kontrol 129.0+10.1d 125.44+8.5 d

** Ayn siitundaki kiigiik harfler konsantrasyonlar arasindaki istatistiki farki ifade etmektedir (P<0.05).

Bu caligmada in vitro ve kontrollii kosullarda igde yaprak ekstraktinin seyreltilmemis
konsantrasyonunun kok ur nematodu miicadelesinde iimit var oldugu goriilmiistiir. Mevcut ¢alismada
in vitro da igde yaprak ekstraktinin konsantrasyonu artarken L2 6liim oraninda da artis gézlenmistir.
Kontrollii kosullarda %25 ve %50 konsantrasyonlarinin nematoda hassas domates ¢esidinin koklerinde
olusan gal ve yumurta paketi tizerindeki etkisi benzer bulunmasima ragmen; sonuglar
degerlendirildiginde konsantrasyon ile dogru orantili olarak baskilayici etkinin arttig1 belirlenmistir.
Koklerde nematodun olusturdugu yumurta paketi sayisini azaltmada en etkili uygulama seyreltilmemis
igde yapragi methanol ekstrakti konsantrasyonu olarak saptanmistir. Daha once igde metabolik
oziitlerinin bakteri, fungus ve bazi zararlilara karsi kullanilabilecegi belirtilmistir (Okmen ve Turkcan,
2013, Bahraminejad ve ark., 2015, Farzaei ve ark., 2015, Khan ve ark., 2016; Anjum ve ark., 2017).
Ayrica igdenin dogal ve farmakolojik oOzellikleri arasinda yara iyilestirme, kalp koruyucu,
hipolipidemik, antinosiseptif, antimikrobiyal, antiinflamatuar, antimutajenik ve antitlimor ile
gastroprotektif aktiviteler rapor edilmektedir (Caliskan ve ark., 2010; Wang ve ark., 2014; Anjum ve
ark., 2017). Saboonchian ve ark. (2014) igdenin gicek ve yapraklarinin yiiksek miktarda fenolik ve
flavonoid bilesikleri icerdigini belirlemislerdir. Fenolik bilesikler sahip olduklar1 hidroksil gruplar
sebebiyle elektron ve serbest radikal siipiiriicii aktivite veya hidrojen atomu verme 6zelligine sahiptir.
Dolayisiyla, fenolik bilesikler antioksidan aktiviteye dogrudan katki saglayabilir (Gupta, 2013).
Flavonoidler, genellikle bitki yapraklarinda, epidermal hiicrelerin vakuollerinde suda ¢oziiniir
glikozitler olarak bulunan sekonder metabolitlerin bir siifidir (Harborne ve Williams, 2000). Bu
bilesikler, mikrobiyal saldirtya yanit olarak bitki dokularinda birikirler (Grayer ve Harborne, 1994;
Harborne, 1999).

Bitki ekstraktlari nematodlarla miicadelede 6nemli bir potansiyel teskil etmektedir. Cok sayida
calismada farklr bitki kisimlarinin ekstraktlarinin nematodlar tizerindeki kagiric1 ve oldiiriicii etkileri
belirtilmistir (Kepenekgi ve ark., 2017; Nile ve ark., 2018; Vinodhini ve ark., 2019; Deepika ve
Kumar, 2023). Nematisit etkiye sahip bitkiler genel olarak Asteraceae, Brassicaceae, Fabaceae ve
Meliaceae familyalarinda yer almaktadir (Chitwood, 2002). Elacagnacea familyas: bitkilerinin
nematisidal 6zelliklerine yonelik Diinyada ve Ulkemizde herhangi bir galismaya rastlanilmamistir. Bu
familyaya ait igdenin yaprak 6ziitiiniin nematisidal etkisi ilk kez bu galisma ile ortaya konmustur. igde
yaprak metanol ekstraktinin kok ur nematoduna kars1 etkili bir sekilde kullanilabilecegi sonucu ortaya
cikartilmisgtir.

Sonuc ve Oneriler
Elde edilen sonuglardan igde yaprak ekstraktinin seyreltilmemis konsantrasyonun kok ur
nematodu miicadelesinde kullanilabilecegi diistiniilmektedir. Bitkisel ekstraktlar ¢evre dostudur ve
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biyogesitlilik ve ¢evre i¢in tehdit olusturmazlar, bu nedenle insanlar1 kimyasallarin yan etkilerinden
korumak i¢in kimyasallara iyi bir alternatif olabilirler.

Arastirmacilarin Katki Orani Beyan1

Yazarlar makaleye esit oranda katki saglamis olduklarini beyan eder (Makale tek yazarlidir).
Cikar Catismasi Beyam

Makale yazarlari aralarinda herhangi bir ¢gikar ¢atigmasi olmadigini beyan ederler.
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Oz

Stirdiiriilebilir yagmur suyu yonetimi, yagis suyunun yesil alanlara yonlendirilerek verimli bir sekilde
yonetilmesini saglayan sistemlerden olusan ekolojik bir yaklagimdir. Arastirma alaninda yagmur suyunun
stirdiiriilebilir yonetiminin saglanmasi, ¢aligmanin konusunu olusturmaktadir. Calismanin amaci, Canakkale
Onsekiz Mart Universitesi Terzioglu Yerleskesi'nde yagmur suyu ydnetimi agisindan sorunlu alanlarin
belirlenip, uygulama onerilerinin sunulmasidir.
Aragtirmanin  yontemi ii¢ asamadan olusmaktadir: Ilk asamada, literatiir arastirmasi ve alan incelemesi
yapilmustir. Ikinci asamada, caligma alani ile ilgili veriler toplanmistir. Bu verilerden faydalanarak alanin egim,
topografya, yiikseklik, baki, jeoloji, toprak, su erozyonu, bitki ortiisii, ylizeysel akis ve zemin 6zellikleri analiz
edilmigtir. Yerleskenin gecirimli ve gegirimsiz yiizeyleri belirlenerek, yagis suyunun yeraltina sizma durumu
incelenmistir. Ayrica dogal akis hatlar1 ile ulasim aginda olusan akis hatlarinin analizi sonucunda yerleskenin
yiizeysel akis haritasi olusturulmustur. Ugiincii asamada ise siirdiiriilebilir yagmur suyu yonetimi uygulamalari
icin uygun alanlar belirlenmis ve Onerilen uygulamalar gorsellestirilmistir. Arastirma sonucunda alanda genel
olarak bitkilendirilmis hendek, yagmur suyu bitki seridi, agac¢ ¢ukurlari, yagmur bahgesi/biyotutma alani, yesil
oluk, gabion duvarlar, yagmur tanki ve yagmur borusu bitki kutusu uygulamalar1 6nerilmistir. Ayrica yagmur
suyu verimi hesabr kullanilarak, ¢at1 yiizeylerinden toplam 33745 m® yagmur suyu toplanabilecegi sonucuna
ulagilmustir.
Anahtar Kelimeler: Siirdiiriilebilir Yagmur Suyu Yonetimi, Yiizeysel Akis, Gegirimli ve Gegirimsiz Yiizeyler,
Terzioglu Yerleskesi

Determination of Sustainable Stormwater Management Practices in University
Campuses

Abstract

Sustainable stormwater management is an ecological approach consisting of systems that ensure
efficient management of stormwater by directing it to the green areas. Sustainable management of stormwater in
the research area is the subject of the study. The aim of the study is to determine the problematic areas and to
suggest practices in terms of stormwater management in Canakkale Onsekiz Mart University Terzioglu Campus.
The method of this research consists of three stages. In the first stage, literature research and field investigation
were carried out. In the second stage, data related to the study area were collected. Using these data, slope,
topography, elevation, aspect, geology, soil, water erosion, vegetation, runoff and ground characteristics of the
area were analyzed. The permeable and impermeable surfaces of the campus were determined and the
penetration of precipitation water into the ground was investigated. In addition, the surface flow map of the
campus was created as a result of the analysis of the natural flow lines and the flow lines formed in the
transportation network. In the third stage, suitable areas for sustainable stormwater management practices were
determined and suggested practices were visualized. As a result of this research, bioswale, stormwater planter,
tree pits, rain garden/bioretention area, green gutter, gabion walls, rain barrel and downspout planter applications
were suggested in the area. In addition, using the stormwater yield calculation, it was concluded that a total of
33745 m® of stormwater could be collected from the roof surfaces.
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Giris

Gecmis zamanlarda yagis sulari, yasam alanlarindan uzaklastirilmasi gereken bir atik olarak
gorlilmekteydi. Fakat gilinlimiizde suyun Onemi hakkinda farkindaligin artmasiyla, yagis sulari
korunmasi gereken degerli bir kaynak olarak ele alinmaya baglanmistir. Bu farkindalik dogrultusunda,
kentlerde yagis sularmin siirdiiriilebilirliginin saglanmasi icin cesitli yaklasimlar ortaya cikmuistir.
Yaklasimlar temelde ayni soruna yonelik ¢oziimler tiretse de farkli isimlerle ifade edilmektedir. Dereli
(2020), arastirmasinda bu yaklasimlar: ortaya ¢ikis tarihlerine gére En lyi Yonetim Uygulamalari,
Disiik Etkili Gelisme, Entegre Kentsel Su Yonetimi, Yesil Altyapi, Sirdiiriilebilir Kentsel Drenaj
Sistemleri, Su Duyarli Kentsel Tasarim, Diisiik Etkili Kentsel Gelisme ve Tasarim ve Siinger Sehirler
olarak siralamigtir. Bu arastirma kapsaminda bahsedilen tiim bu yaklagimlar siirdiiriilebilir yagmur
suyu yonetimi (SYSY) bashig altinda incelenmistir.

Iklim kosullarinda meydana gelen degisimler sicaklik degisimleri ile birlikte yagis seklini ve
miktarin1 da etkilemektedir (Yigit Avdan ve ark., 2015). Yagislar sonucu olusan ylizeysel akisin
dogrudan alic1 sulara ulagmasi sel ve tagkin olaylarinin artisina neden olmaktadir. Akis sirasinda
kirlenmeye maruz kalan suyun alici ortamlara ulagmasi sonucunda i¢cme sular1 da kirlenmektedir
(Demir, 2012). Sirdirilebilir yagmur suyu yonetiminin bir parcasi olan yesil altyapi sistemleri ile
alakali olarak Coskun Hepcan (2019), yesil altyap1 ¢oziimlerinin hava kalitesini iyilestirme, iklim
diizenleme, toprak kalitesini iyilestirme, tozlasma-polenizasyon, taskin ve sel dnleme gibi ekosistem
hizmetleri sagladigini belirtmistir. Ayrica Kentleri, iklim degisikligi nedeniyle kaynaklanan ani hava
olaylarina karsi dayanikli hale getirmenin ve bu olaylarin olumsuz etkilerini azaltmanin,
ekosistemlerin sagladigi yararlar ile miimkiin olacagini ifade etmistir. Etkili yagmur suyu yonetimi,
yerel topluluklara cevresel, sosyal ve ekonomik faydalar saglar. Yagmur suyu yoOnetimi iyi
yapildiginda dereler, nehirler ve géller daha temiz olur, sel riskleri azalir, sel hasarindan kaynaklanan
maliyetler azalir ve toplum yasam kalitesi yiikselir (University of Nebraska Lincoln, 2014). Kent ve
doga dokusunu bir araya getiren sistemler ile yagmur suyu tutularak iklim degisikliginin etkileri
azaltilabilmektedir (Pala ve ark., 2021).

Yagmur suyu yonetimi odakli planlamalarda, alanin mevcut fiziksel 6zellikleri, drenaj aglari,
yer alti su kaynaklari, toprak, kaya¢ ve yiizeylerin gecirimlilik Ozelliklerinin ele alinmasi
gerekmektedir. Peyzaj mimarlhig: ile diger meslek disiplinlerinin is birligi sonucunda siirdiirtilebilir
yasam alanlarina ulasabilmek miimkiin olmaktadir (Shakouri, 2016). Su duyarl kentsel uygulamalarda
planlama, tasarim ve ydnetim g¢aligmalarmin doga olgeginde yapilmasi gerekmektedir. Onerilen
¢oziimlerin ilk kurulum maliyeti fazla olsa da uzun vadede kazanimlar elde edilebilmektedir (Pala ve
ark., 2021).

Yagis oOzellikleri, toprak gecirgenligi, egim, giines ve golge alma durumu, yiizeylerin
gecirimliligi, yeralti suyu seviyesi, bitki oOrtiisii, erozyon riski, uygulamalarin bakimi, uygulama
yapilacak alanin boyutu gibi 6zellikler SYSY uygulamalarinin verimliligini etkilemektedir. Bu durum
yagmur bahgeleri ve biyolojik/bitkilendrilmis hendekler {izerinden orneklendirilecek olursa; yagmur
bahgesi bir gollenme ortami olusturdugundan alandaki topragin gegirgenlik oranmin emilim hizi
acisindan fazla olmasi gerekmektedir (CSB, 2018). Yagmur bahcelerinde yagishi giinlerde su
birikeceginden suyu seven ve ayni zamanda kuru oldugu donemlerde de toprak kuruluguna dayanikl
bitki tiirleri secilmelidir. Yagmur bahgesi i¢in en uygun egim %10 civarlarindadir ve en fazla %12
egime kadar uygulanabilmektedir (Dogangdniil ve Dogangdniil, 2009). Biyolojik/bitkilendirilmis
hendeklerde ise, hendegin boyuna egimi en fazla %]1-2 arasinda olmalidir. %2-10’luk boyuna egim
s6z konusu oldugunda ise egimi azaltmak igin teraslama yapilmali ve erozyonu onlemek igin ise her
basamak veya setin altina kaldirim tasi biyiikliigiinde taslar ile sigrama yastigi olusturulmalidir.
Bakim gereksinimleri, bitki Ortiisiiniin mevsimsel olarak budanmasini ve kirlilige neden olabilecek
enkaz ve ¢Oplerin kaldirilmasini igerir. Zamanla biriken ¢opler ve kurumus bitkiler temizlenmelidir
(City of Victoria, 2015). Hendek toplam yiizey alani, yagmur suyunu aldigi alanin yiizde biri
olmalidir. Yeralt1 suyunun hendek dibine ulastigi yiliksek su tablasi olan alanlara bitkili hendek
kurulmamalidir (Clark ve Acomb, 2008).
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Her uygulamanin kendine 6zgii kaldirabilecegi su kapasitesi bulunmaktadir. Bu nedenle yagis
yogunlugu, yagis siiresi ve yagis hacmi de uygulamalarin verimliligini etkilemektedir. Axelsdottir
(2022) yapmis oldugu arastirmada, biyolojik tutma alanlari, yagmur bahgesi, gecirgen kaplamalar,
sizdirma hendekleri ve yesil ¢ati uygulamalarinin verimliligini 3 farkli yagmur olayr (50 mm/sa,
100mm/sa ve 150 mm/sa) ile karsilastirmistir. Arastirma sonucunda; yesil catilar yilizeysel akisi
azaltmada en iyi performansi gosterirken, biyolojik tutma alanlarinin tiim yagis olaylarinda agik ara en
yiiksek verime sahip oldugunu ortaya koymustur. Joshi ve ark. (2021) ise yapmis oldugu ¢alismada,
birlesik kanalizasyon sistemlerinde meydana gelebilecek tagmalari azaltmada hangi uygulamalarin
daha verimli olabilecegini arastirmistir. Biyolojik tutma alanlarinin énemli 6l¢lide azalma sagladigini,
gecirgen kaplamalar, yagmur tanki ve yesil cati uygulamalarinin ise yiiksek yogunluklu yagis
olaylarinda sinirli azalma gosterdigini tespit etmistir.

SYSY uygulamalar1 koruma, tagima, depolama, sizdirma, filtreleme ve geciktirme
islevlerinden birine ya da daha fazlasina sahip olabilir (University of Arkansas Design Center, 2010;
Rutgers Cooperative Extension Water Resources Program, 2016; Biswas ve ark., 2020). Bu nedenle
alanda yagmur suyu ydnetimi agisindan hangi islevin saglanmas1 gerektigi de belirlenmelidir. Ornegin
alanda yagmur suyunun taginmasi isteniyorsa biyolojik/bitkilendirilmis hendek ve yesil oluklar uygun
tercihler olacaktir. Boylece daha verimli bir sonug¢ elde edilecektir. Yukarida bahsedilen verimliligi
etkileyen ozellikler dikkate alindig: takdirde siirdiiriilebilir yagmur suyu yonetimi uygulamalarindan
verimli sonuglar elde edilebilmektedir.

Universite yerleskeleri, kentsel donatilara sahip olmasi, sosyo-kiiltiirel ortam ve kullanic
cesitliligi sebebiyle kiigiik bir kent modeli sunmaktadir (Ozdemir, 2019). Aym1 zamanda iiniversite
yerleskeleri kentsel agik alanlar i¢inde 6nemli bir yesil alan varligi olusturmaktadir. Bu nedenle
Canakkale Onsekiz Mart Universitesi (COMU) Terzioglu Yerleskesi, kentler icin ornek teskil
edebilmesi ve siirdiiriilebilir yagmur suyu yonetiminin biitiinctil bir yaklasimla planlanmasi amaciyla
arastirma alani olarak belirlenmistir. Ayrica alanin egimli olmasi nedeniyle yiizeysel akig hizinin sorun
teskil edebilecegi diisiliniildiiglinden ve daha 6nce SYSY kapsaminda yerleskede calisma yapilmamis
olmasi da alanin secilmesinde etkili olmustur. Arastirmanin konusu olan SYSY uygulamalarinin
secilmesi ve uygulanmasi agisindan arastirma alani detayli bir sekilde analiz edilmistir. Bu kapsamda
COMU Terzioglu Yerleskesi’'nde dogal peyzaj dzellikleri, yiizeysel akisin zemine sizma durumu ve
yagislar sirasinda olusan yiizeysel akis hatlar1 belirlenerek alan konu kapsaminda incelenmistir.
Boylelikle yerleskede yagmur suyunun siirdiiriilebilir yonetimini saglamak amaciyla uygun alanlar
belirlenmigtir.

Materyal ve Yontem

Bu calismanin ana materyalini, COMU Terzioglu Yerleskesi olusturmaktadir. Terzioglu
Yerleskesi, Canakkale ilinin Merkez ilgesinde bulunmakta olup 3 km?’lik (300 ha) bir alan {izerine
kurulmustur (Sekil 1). Yerleskeye 3 farkli kapidan giris yapilmaktadir. Google Earth Pro iizerinden
yapilan 6l¢tim ile yerleskenin sehir merkezine olan uzakligi 4.1 km olarak 6l¢tilmiistiir.
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Sekil 1. Aragtirma alaninin konumu (Google Earth Pro, 2021)
Figure 1. Location of the research area (Google Earth Pro, 2021)

Calisma konusu ile ilgili yapilan literatiir arastirmasindan elde edilen tez ve makaleler, COMU
Yapi Isleri ve Teknik Daire Baskanligi’'ndan alinan vaziyet plami ve esyiikselti haritasi, Meteoroloji
Genel Miidiirliigii Canakkale Istasyonu’ndan alman iklim verileri, Cevre, Sehircilik ve iklim
Degisikligi Bakanligi’nin (CSB) Tiirkiye’nin Su Erozyonu Risk Haritasi, Amerika Birlesik Devletleri
Jeoloji Arastirmalar1 Kurumu’ndan (ABDJAK) temin edilen sayisal yiikseklik modeli (SYM) (27x27
m yersel ¢oziiniirliiklii), Google Earth Pro programindan temin edilen uydu goriintiileri ile aragtirma
alanini kapsayan planlar, projeler, haritalar, gorsel ve yazili veriler, saha incelemesi sirasinda yapilan
gozlemler, ¢ekilen video ve fotograflar bu tez calismasinda materyal olarak kullanilmistir. ArcGIS
10.7 ve AutoCAD 2017 yazilimlar1 elde edilen verilerin incelenmesinde ve veri {iiretilmesinde
kullanilmigtir. Adobe Photoshop CC programu ile gorsellestirmeler yapilmistir.

Calismanin yontemi {i¢ asamadan olusmaktadir. Birinci asamada, konu ile ilgili literatiir
taramas1 yapilmis ve veriler toplanmistir. Yagish bir giinde saha incelemesi yapilarak fotograf ve
videolar ¢ekilmistir. Ikinci asamada, elde edilen hazir veriler incelenerek, ¢alisma konusuna yonelik
veriler iretilmistir. Yerleskenin dogal peyzaj Ozelliklerini analiz eden haritalar hazirlanmstir.
Yerleskenin gegirimli ve gegirimsiz alanlar tespit edilmistir. AutoCAD ortaminda yerleskenin vaziyet
planindan yararlanilarak ana sirkiilasyon iizerinde olusan akis hatti belirlenmistir. Noktasal kot
degerleri ve saha incelemeleri dikkate alinarak, ayn1 zamanda akigin yonii de belirtilmigtir. ArcGIS
10.7 yaziliminda ise ArcHydro Tools eklentisi kullanilarak yerleskede saganak yagis sirasinda olugan
dogal akis hatt1 ortaya konulmustur. Boylece bu iki akis hatt1 birlestirilerek, yerleskenin yiizeysel akis
haritas1 olusturulmustur. Ayrica ¢atilardan toplanabilecek yagmur suyu miktarinin hesaplanmasi igin
asagida formiil agilimi (1) verilen yagmur suyu verimi hesabi kullanilmustir. Ugiincii asamada ise
stirdiiriilebilir yagmur suyu yonetimi (SYSY) uygulamalari i¢in uygun alanlar belirlenmis ve Onerilen
uygulamalar gorsellestirilmistir (Sekil 2).

Yagmur Suyu Verimi Hesab1 (TEMA, 2017):

Yagmur suyu verimi (m®) = Yagmur toplama alam (m?) X Yagis miktart (M) x catr katsayisi
(0.8) x Filtre etkinlik katsayisi (0.9) Q)
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Sekil 2. Yontem akis semast
Figure 2. Flow chart

Bulgular ve Tartisma

Dogal Peyzaj Ozellikleri

Iklim

Aragtirma alaninin bulundugu Canakkale ili Akdeniz ve Karadeniz iklim rejimi arasinda gegis
gostermektedir (Canakkale Belediyesi, 2022). Meteoroloji Genel Miidiirliigii Canakkale
Istasyonu’ndan alinan 2007-2021 yillar1 arasindaki yagis verilerine gore; Canakkale’de ortalama yillik
yagis miktar1 641.88 mm’dir. Yillik ortalama yagish giin sayis1 85.8 giin olup, yilin dortte biri yagisl
geemektedir. Yagisin mevsimsel dagilimima bakildiginda, en fazla yagis kis ve sonbahar
mevsimlerinde goriilmektedir.

Egim

Terzioglu Yerleskesi egimli bir araziye sahip olup, deniz seviyesine gore 12-360 m
yiikseklikleri arasinda bulunmaktadir. Yerleskenin egim haritasi incelendiginde (Sekil 3); %6-12 ve
%12-20 egim gruplar1 yerleskede en fazla alana sahip egim gruplaridir.
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Sekil 3. Terzioglu Yerleskesi topografya ve egim haritasi
Figure 3. Topography and slope maps of Terzioglu Campus

Jeoloji

Maden Tetkik ve Arama Genel Midirligi'nin (MTA) (2022) yerbilimleri harita
goriintiileyicisinden elde edilen bilgilere gore; Terzioglu Yerleskesi Ust Miyosen (Karasal Kirintililar)
ve Kuvaterner (Ayrilmamig Kuvaterner) birimlerden olusmaktadir. Sekil 4’te Kargin (2022)
kaynagindan yararlanilarak, olusturulan jeoloji haritasinda aragtirma alaninda bulunan kayag
yapilarinin mekansal dagilimi gosterilmistir. Berberler Cetinkaya (2005) ve Yildizoglu’nun (2006)
caligmalarindan elde edilen bilgilere gore, yerleskenin toprak alti zemininin genel olarak az ge¢irimli,
dayaniksiz ve erozyona meyilli bir 6zellik gosterdigi ve yagislar sirasinda suya doygun hale gelerek,
akma riski olusturdugu sdylenebilmektedir.

Baki

Giines 1s1gindan yararlanma ve korunma alanlarinin belirlenmesi, bitkilendirme galigsmalari ve
yapisal elemanlarin yer se¢iminin yapilmasi konularinda baki analizlerinden yararlanilmaktadir
(Yilmaz, 2009). Sirdiiriilebilir kentsel drenaj sistemlerinin tasariminda ve yer se¢iminde golge ve
giines kosullar1 incelenmeli ve bitki tiirleri ile malzeme se¢imi lizerindeki etkisi dikkate alinmalidir
(Dickie ve ark., 2010). Bu nedenle, SYSY uygulamalariin yer se¢iminde ve kullanilabilecek bitki
tiirlerinin Onerilmesinde dogru kararlar verebilmek amaciyla arastirma alaninin baki haritasi
olusturulmustur.

Baki sicakligr etkilediginden, SYSY uygulamalarinda baki faktorii, suyun topraktan daha hizli
tahliye olmasinda ve bitki se¢iminde Onemli bir kriterdir. Gegici gollenme olusturan SYSY
uygulamalarinda suyun 1-2 giin icinde tahliye olmasi gerekmektedir. Bunun i¢in giines goren sicak
konumlarin seg¢ilmesi 6nemlidir. Ciinkii gélge ve soguk bolgelerde su alandan hizli bir sekilde tahliye
olamayabilir. Bu durum uygulamanin verimliligini etkileyebilir ve kotii goriintii olusumuna sebebiyet
verebilir. SYSY uygulamalarinda kendi kendini idame ettirebilen bitkilerin kullanilmas1 gerektiginden
uygulamanin konumlandigi alana gore golgeye, glinese veya riizgara dayanikli bitkiler secilmesi
gerekmektedir. Tirkiye’nin de i¢inde bulundugu kuzey yarim kiirede kuzeye bakan yamaglar daha
soguk ve daha az giines alirken giineye bakan yamagclar ise daha sicaktir. Dogu bakarlar sabahlar
giines goriirken bat1 bakarlar ise aksam saatlerine dogru giines alir. Bu bilgiler dogrultusunda SYSY
icin tlim bakarlar arasinda kuzey bakarlarin en az uygun oldugu, giiney bakarlarin ise en uygun
ylizeyler oldugu diisliniilmektedir.

Yerleskede kuzey bakarlar 0.77 km? ve kuzeybati bakarlar 1.01 km? alan kaplamak iizere diger
bakarlara gore hakim durumdadir. Bati bakarlar 0.59 km? ve giineybati bakarlar 0.33 km? alan
kaplamaktadir. Giiney bakarlar 0.13 km? kuzeydogu bakarlar 0.1 km?, dogu bakarlar 0.03 km? ve
giineydogu bakarlar ise 0.001 km? olmak iizere alanda yer kaplamaktadir (Sekil 4).
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BAKI HARITASI JEOLOJIi HARITASI
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Sekil 4. Terzioglu Yerleskesi baki ve jeoloji haritasi
Figure 4. Aspect and geology maps of Terzioglu Campus

Toprak

Tiirkiye’nin biiyiik toprak grubu haritasina (Tirkiye Ulusal Cografi Bilgi Sistemi Atlas
Uygulamasi, 2022) gore yerleskede ti¢ biiyiik toprak grubu bulunmaktadir. Bu toprak gruplari zonal
toprak grubuna ait kahverengi orman topraklari, kiregsiz kahverengi orman topraklari ve kirmizi
kahverengi akdeniz orman topraklaridir. Alanda en genis yayilim gosteren toprak grubu kiregsiz
kahverengi orman topraklaridir (Sekil 5). Kiregsiz kahverengi orman topraklarin dogal verimliligi
fazla olmayip, iyi drenaja sahiptir. Kahverengi orman topraklari yiiksek kire¢ igerigine sahip olup,
drenaji iyi ve humusca zengin verimli topraklardir. Kiregsiz 6zellikte olan kirmizi-kahverengi akdeniz
topraklari ise orta verime sahiptir (Tarim ve Orman Bakanligi, 2012).

Iyi gegirgenlige sahip topraklar yiizey akis suyunun sizmasina olanak saglar. Eger topragin
gecirgenligi diisiikse 1slah edilebilir veya bir alt drenaj sistemi kullanilarak da siirdiiriilebilir
uygulamalar uygulanabilir. Fakat bazi durumlarda etraftaki yapilara zarar vermemek igin sizma
onlenmelidir. Bu durumda tasarima gecirimsiz astar ve alt drenaj sistemi dahil edilirse sizdirma
islevine sahip uygulamalar uzman onayi ile birlikte kullanilabilmektedir (City and Country Denver
Public Works, 2016).

Erozyon

Tiirkiye’de yillik meydana gelen toprak kaybini gosteren Tiirkiye’nin Su Erozyonu Risk
Haritasi’na (CSB, 2020) gore yerleske sinirlart igerisinde meydana gelen su erozyonu sekil 5°te
gosterilmistir. Haritaya gore arastirma alanin biiyiik bir bolimii ¢ok hafif siddetli erozyon sartlarina
sahiptir.

TOPRAK HARITASI EROZYON HARITASI

oprak Gruplan K Su Frozyon Simiflari (ton ha-1 yil-1) K

iy
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Sekil 5. Terzioglu Yerleskesi toprak ve su erozyonu haritasi
Figure 5. Soil and water erosion maps of Terzioglu Campus
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Hidroloji

Hidroloji 6zelliklerine bakildiginda, yerleskede Sarp Deresi disinda biiyiik bir su varligi
bulunmamaktadir. Sarp Deresi yerleskenin giiney bdlgesinde bulunmakta olup, dogudan batiya dogru
uzanmaktadir.

Bitki Ortiisii

Yerlegkenin biiyiik bir kismin1 ormanlik alanlar olusturmaktadir. Geri kalan alanlarda ise,
yapilan peyzaj ¢alismalarindaki bitkisel tasarimlar ile olusan bitki ortiisii bulunmaktadir. Yerleskede
bulunan bitki tiirleri aragtirmanin konusu ile alakali olarak su isteklerine gore incelenmistir.
Yerleskede bulunan bitki tiirleri genel olarak orta derecede su talebine sahiptir.

Gegirimli ve Gegirimsiz Yiizeyler

Vaziyet plan1 ve saha incelemesi ile aragtirma alaninin gecirimli ve gecirimsiz yiizeyleri
belirlenmistir (Sekil 6). Alanlar gecirimli ve gecirimsiz olarak gruplandirilip, gegirimli alanlar
gozenekli ve gecirge

" GECIRIMLI YUZEYLER GECIRIMSIZ YUZEYLER

Gizenekli Zemin I sina
Bitkisel Tasarim Alan I Asfalt Zemin
I Orman Alam Betow/Mermer Zemin
Micir Zemin B svor Alam
Gegirgen Zemin SuOgesi K
B Gravit Kiiptas Zemin = A
[ Kilit Parke Zemin Hazrlayan: Ginaydin, 2022

Sekil 6. Terzioglu Yerleskesi gegirimli ve gegirimsiz yiizeyler
Figure 6. Permeable and impermeable surfaces of Terzioglu Campus

Yiizeysel Akis Haritas1
Terzioglu Yerleskesi’nin ylizeysel akis haritasi ana sirkiilasyonda olusan yiizeysel akis hatt1 ile
dogal akis hattinin st tiste ¢cakistirilmasiyla olusturulmustur (Sekil 7).
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Sekil 7. COMU Terzioglu Yerleskesi yiizeysel akis haritasi
Figure 7. Surface flow map of COMU Terzioglu Campus

313



COMU Zir. Fak. Derg. (COMU J. Agric. Fac.) Aragtirma Makalesi
Research Article

Catilardan Toplanabilecek Yagmur Suyu Miktar1

Terzioglu Yerleskesi’nde bulunan binalarin ¢ati yiizeylerinden toplanabilecek su miktarlar
yagmur suyu verimi hesabi ile hesaplanarak ortaya konulmustur. Vaziyet plani iizerinden biitiin
binalarin gati alanlar1 hesaplanmis ve formiilde yer alan yagis miktari i¢cin Canakkale’nin 15 yillik
ortalama yagis miktar1 olan 641.88 mm (0.64188 m) degeri kullanilmistir. Yapilan hesaplamalar
sonucunda gatilardan 33745 m® yagmur suyunun toplanabilecegi sonucuna ulagilmistir.

Sonuc ve Oneriler

COMU Terzioglu Yerleskesi SYSY kapsaminda iklim, topografya, jeoloji, toprak, su
erozyonu, hidroloji, bitki Ortiisii, gecirimli ve ge¢irimsiz ylizeyler ve yiizeysel akis Ozellikleri
bakimindan incelenmistir. incelemelerden elde edilen sonuglar ¢izelge 1°de siralanmustir.
Table 1. The characteristics and current situation of Terzioglu Campus examined within the scope of sustainable
stormwater management (SSM)
Cizelge 1. Terzioglu Yerleskesi’nin SYSY kapsaminda incelenen 6zellikleri ve mevcut durumu

Ozellik Mevcut Durum

-Y1lin ortalama 87.6 giinii yagisli,
klim -Y1illik toplam yagis miktar1 641.9 mm,
-Sicakligin son yillarda arttig1 goriilmektedir.
Topografya -Genel olarak orta egimlidir (%6-12 arast).
-Az gegirimli,
-Dayaniksiz,
-Erozyona meyilli,
-Yagislar sirasinda suya doygun hale gelmektedir.
-Orta verimli,
-Drengj iyi,
-Asitli, notr ve alkali toprak reaksiyonuna sahiptir.

Jeoloji

Toprak

-Genel olarak ¢ok hafif siddetli erozyon riski
bulunmaktadir.

-Sarp Deresi disinda biiytik bir su varligi
Hidroloji bulunmamaktadir.

Su Erozyonu

. -Orta derecede su istegine sahip bitki tiirleri
Bitki Ortiisii cogunluktadir.

Gegirimli ve Gegirimsiz Yiizeyler -Yaklasik 17.7 ha alan gegirimsizdir.

-Ulasim aginin kesisim noktalarinda gollenmeler
mevcut,

Yiizeysel Akis Hatti -Agagsiz alanlardan dogal yiizeysel akis hatti
gecmektedir.

Bulgular kisminda yapilan analizler SYSY kapsaminda yorumlandiginda, iklim 6zellikleri
bakimindan Canakkale’de iklim degisikliginin olumsuz etkileri goriilmektedir. Bu durumda SYSY
uygulamalar1 ile su dongisiiniin saglikli bir sekilde gergeklesmesi saglanarak iklim degisikliginin
etkileri azaltilmalidir.

Topografik 6zelliklerine bakildiginda, arazinin egimli olmasi saganak yagislar sirasinda yiizey
sularinin hizl bir sekilde akisa gegmesine sebep olmaktadir. Ozellikle gegirimsiz zeminlerde bu hiz
artmaktadir. Hizl1 ve yogun yiizeysel akis sel ve taskin riski olusturabilmektedir. Bu nedenle gegirgen
yiizey miktar1 artirillmali ve ylizeysel akigin verimli bir sekilde yonetilmesi saglanmalidir. Ayrica
alanda bati ve kuzeybati bakarlarinin hakim olmasi nedeniyle gecici goéllenme olusturan SYSY
uygulamalar1 i¢in suyun en kisa siirede tahliye edilebilecegi gilines goren bir konum secilmesi
gerekmektedir.

314



COMU Zir. Fak. Derg. (COMU J. Agric. Fac.) Aragtirma Makalesi
Research Article

Arastirma alaninin jeolojik oOzelliklerine gore toprak ylizeyinde gollenme tespit edilen
bolgelere dikkat edilmelidir. Bu alanlarda yiizeysel akis, mevcut yesil alanlara ya da oneri SYSY
uygulamalarina yonlendirilerek akis hacmi azaltilmalidir.

Toprak 6zelliklerine bakildiginda ise, topraklarin drenajlari iyi olup asitligin, alkaliligin ve
tuzlulugun artmamasi i¢in drenaj iyi saglanmalidir. Bu nedenle SYSY uygulamalarina karar verilirken,
toprakta hizli emilim saglanamiyorsa toprak 1slah edilmeli, alt drenaj sistemine sahip olan uygulamalar
tercih edilmeli ve tuza dayanikli bitkiler kullanilmalidir.

Su erozyonu haritasi incelendiginde, orman dis1 agikliklar ve bitki ortiisii az ya da yetersiz
olan alanlar erozyonun olusma riskini artirmaktadir. Bahsedilen bu riskli alanlarda SYSY
uygulamalar1 6nerilirken akintiy1 yavaglatan uygulamalar tercih edilmeli ve siirdiiriilebilir sisteme ek
olarak erozyon kontrol sistemleri uygulanmalidir.

Yerleskenin tek su varligi olan Sarp deresinde yapilan 1slah ¢aligmasi sonucunda dere yatagi
betonlastirilarak dogal yap1 bozulmustur. Sel ve taskin riskini 6énlemek adina bu tip beton sistemler
yerine ekolojik ¢oziimler tercih edilmelidir. SYSY uygulamalar ile dereye ulasan yiizeysel akis
azaltilmali ve yavaglatilmalidir.

Bitki ortiisii 6zelliklerine bakildiginda toplam 131 bitki tiiriinden 17 tiir kurakliga dayaniklidir.
26 tiir yiiksek, 92 tiir orta ve 42 tiir ise az su isteklerine sahiptir. SYSY uygulamalarinda genel olarak
kendi kendini idame ettirebilen bitki tiirleri ve yerel tiirler tercih edilmelidir. Aym1 zamanda
uygulamanin ¢esidine bagli olarak hem kurakliga hem de suya dayanikl tiirler olmalidir.

Terzioglu Yerleskesi’'nde gecirimli ve gecirimsiz yiizeylerin kapladiklar1 alanlar
hesaplandiginda gegirimsiz yiizeyler yaklasik olarak 176841 m? (17.7 ha) alan kaplamaktadir.
Yaklagik 2823157 m? (282.3 ha) alani ise gegirimli yiizeyler olusmaktadir. Yerleske bolgesinin biiyiik
cogunlugu ormanlik alandan olustugu i¢in geg¢irimsiz zeminler gecirimli zeminlere oranla daha azdir.
Fakat alanin egimli olmas1 nedeniyle yiizeysel akisin hiz ve kalitesine olan olumsuz etkileri goz ardi
edilmemelidir.

Analizlerden elde edilen bulgular neticesinde alanda SYSY acisindan sorunlu ve riskli alanlar
belirlenmis (sekil 8) V‘;Qu alanlar i¢in uyg;m olan SYSY uygulamalar: 6nerilmistir.
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Sekil 8. Terzioglu Yerleskesi’nde SYSY kapsaminda belirlenen sorunlu ve riskli alanlar
Figure 8. Problematic and risky areas determined within the scope of SSM in Terzioglu Campus

Sorae (B, Meser, Es

Sar1 bayrak ile belirlenen alanlar ulasim aginda yagis sularinin yogunluk olusturabilecegi ve
orman dis1 acikliklarda ise yiizeysel akisin erozyona neden olabilecegi riskli noktalardir. Bununla
birlikte haritada dogal akis hattinin olumsuz etkileyebilecegi bolgeler de gosterilmistir. Saganak bir
yagisin olumsuz etkileyebilecegi bu alanlarda yagmur suyunu uzaklastirabilecek uygulamalar tercih
edilerek akisin yogunlugu ve hizi azaltilmalidir.

Elde edilen haritalar ve yapilan gozlemler ile her {iniversite birimi ayr1 ayr1 degerlendirilerek
uygun goriilen alanlarda SYSY uygulamalari 6nerilmistir (Cizelge 1). Onerilen uygulamalardan
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bazilar1 modellenerek fotograflar lizerinde gosterilmistir. Ayn1 zamanda catilardan yagmur sularinin
toplanabilmesini saglayan yagmur tanklari i¢in de uygun alanlar belirlenmigtir (Sekil 9).

Table 2. Suggested SSM practices in Terzioglu Campus
Cizelge 2. Terzioglu Yerleskesi oneri SYSY uygulamalari

Mevcut Durum Onerilen SYSY Uygulamasi

Yagmur Suyu Bitki Seridi ve
Gegirgen Kaplama

Yagmur Suyu Bitki Seridi ve
Gegirgen Kaplama

Bitkilendirilmis Hendek

Yagmur Bahgesi/Biyotutma Alam

Nehir Kenar1 Tampon Uygulamasi

Gabion Duvar
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Cizelge 2. Devam
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Yesil Oluk

@ Yagmur Tanki === Alan S K
Hazirlayan: Giinaydin, 2022

Figure 9 . Suggested areas for rain barrel in Terzioglu Campus

Sonug olarak, bu ¢alismada siirdiiriilebilir yagmur suyu yonetim uygulamalarinin Canakkale
Onsekiz Mart Universitesi Terzioglu Yerleskesi’nde uygulanabilecegi alanlar belirlenmistir. Alanin
iklim, egim, baki, toprak, erozyon, jeoloji, bitki ortiisii ve hidrolojik 6zellikleri detayl1 olarak analiz
edilmistir. Suyun topraga sizabilecegi alanlar1 belirlemek agisindan gegirimli ve gegirimsiz alanlar
tespit edilmistir. Ayrica ¢aligsma alaninda suyun hareketini anlayabilmek i¢in yagis suyunun yiizeysel
akisa gectigi hatlar ve akig yonleri belirlenmistir. Tiim bu elde edilen veriler 1s18inda yerleskede
yagmur suyunun siirdiiriilebilir yonetimini saglayabilecek uygulamalar Onerilmistir. Alanda genel
olarak bitkilendirilmis hendek, yagmur suyu bitki seridi, aga¢ ¢ukurlari, yagmur bahgesi/biyotutma
alani, yesil oluk, gabion duvarlar, yagmur tanki ve yagmur borusu bitki kutusu uygulamalari
onerilmistir. COMU Terzioglu Yerleskesi’nde SYSY ’nin saglanmasi durumunda;

Yesil alanlarin miktarimi artirmasi nedeniyle rekreasyonel fayda saglanmasi ve biyogesitliligin
artmasi,

Yagmur suyunun etkin ydnetimi ve yeniden kullanimi sayesinde dogal kaynaklarin verimli
kullanimu,

Iklim degisikliginin olumsuz etkilerinin hafifletilmesi,

Geleneksel yagmur suyu altyapisi lizerindeki yiikii azaltarak ekonomik bir zararmn Oniine
gecilmesi,
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Su kaynaklarindaki kirliligin 6nlenmesi ile ¢evresel fayda saglama,

Sel ve tagkin riskini azaltarak toplum giivenligini saglama ve gevreye olan zarar1 engelleme,

Yiizeysel akisin azaltilmasi ile erozyon riskinin azaltilmast,

Mevcut bitki ortiistiniin kullanilmasi ile peyzajin devamliliginmi saglama (biitlinliigii koruma)
gibi faydalar saglamas1 dngoriilmektedir.

Stirdiiriilebilir yagmur suyu yonetim uygulamalarma karar vermeden oOnce, detayli bir
planlama g¢alismas1 yapilmasi olduk¢a dnemlidir. Uygulama yapilacak bolge ¢ok iyi bir sekilde analiz
edilmelidir. Yagis suyunun hareketi, dogal yiizeysel akis hatlari, hidroloji, iklim, toprak, egim, jeoloji,
erozyon, bitki Ortiisii ve gecirimsiz yiizeyler SYSY uygulamalarinin segilmesinde ve uygulanmasinda
etkin bir faktordiir. Bununla birlikte uygulamalarin biitiinciil bir yaklagimla kurgulanmasi, verimli bir
sonug elde edilebilmesi agisindan 6nemlidir.

Tesekkiir:

Busarastlrma, sorumlu yazarin ikinci yazar danigmanliginda yiiriitiilmiis olan yiiksek lisans tezinden tiretilmistir.
Arastirmacilarin Katki Oram Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamis olduklarini beyan eder.

Cikar Catismasi Beyani

Makale yazarlar1 aralarinda herhangi bir ¢ikar catismasi olmadigini beyan ederler.
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Oz

Sulama tesislerinin 6ngériillen hedeflere ulasilabilmesi i¢in, isletme faaliyetlerinin belli araliklarla
izlenip degerlendirilmesi gerekmektedir. Sulama performansinin izlenmesi ve degerlendirilmesi, beklenen
faydalarin elde edilebilmesi ve sulama ydnetiminin basarili olabilmesi i¢in en énemli hususlardan biridir. Bu
calismada, Sakaryabagi Sulama Birligi’nde 2018-2022 yillar1 i¢in sulama performanst degerlendirilmistir.
Calismada sebekeye 2022 yilina kadar ihtiyacin {izerinde su verildigi ve su temin oraninin 1’den biiyiik oldugu
tespit edilmistir. 2022 de ise yasanilan kuraklik nedeniyle su temin orani 1’in altinda elde edilmistir. Arastirma
alaninda toplanan su icretlerinin isletme-bakim-yonetim masraflarindan daha az oldugu belirlenmistir.
Calistirilan personele diisen alan miktarinin giderek arttigi saptanmisti. Bu durum sulama birliginde su
dagitiminda gorevli ilave personele ihtiya¢ oldugunu gostermektedir. Sulama alaninda elde edilen gelire gore
degerlendirilen iiretim performansi gostergeleri yillara gore farkli bulunmustur. Bu sonuglar, tiiketilen birim
sulama suyuna, bitki verimine ve satig fiyatina bagli olarak elde edilen gelirin degisebilecegini gostermektedir.
Anahtar kelimeler: Sulama performansi, sulamada izleme ve degerlendirme, sulama yonetimi

Evaluation of Irrigation Performance in Sakaryabasi Irrigation Association

Abstract

In order for irrigation facilities to achieve the envisaged targets, operation activities should be monitored and
evaluated at certain intervals. Irrigation performance monitoring and evaluation are crucial for attaining desired
outcomes and ensuring effective irrigation management. In this study, irrigation performance was evaluated in
Sakaryabasgi Irrigation Association for the years 2018-2022. It was determined that water was supplied to the
irrigation network above the need until 2022 and the water supply ratio was greater than 1 in the research. Due to
the drought experienced in 2022, the water supply ratio fell below 1. It was determined that the water fees
collected in the research area were less than the operation-maintenance-management costs. Furthermore, it was
observed that the ratio of area per personnel employed increased gradually. This indicates a need for additional
personnel responsible for water distribution within the irrigation union. Production performance indicators
evaluated according to the income obtained in the irrigation area were found to be different according to years.
These findings indicate that the income obtained can vary based on factors such as the unit irrigation water
consumption, crop yield, and sales price.

Key words: Irrigation performance, monitoring and evaluation in irrigation, irrigation management

Giris

Su, yagamin devami i¢in elzem olan dogal bir kaynaktir. 2050 yilinda diinya niifusunun 9.8
milyara ulagsmasi ve buna baglh olarak gida ve su talebinin artmasi éngériilmektedir. Su kaynaklari,
artan taleplerle birlikte kirlilik, kuraklik, iklim degisikligi ve su kayiplar1 gibi tehditlerle karsi
karstyadir. Su ve gida giivenligi, yeterli miktar ve kalitede suya erisimin saglanmasiyla gelecegimizi
giivence altina alabilecegimiz bir konudur.

Tiirkiye Istatistik Kurumu (TUIK), iilkemizin niifusunun 2040 yilinda 100 milyon kisiye
ulagacagim belirtmektedir. Mevcut toprak ve su kaynaklarimizi aymi seviyede koruyabilirsek, kisi
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basina diisen su miktar1 2040 yilinda 1120 m*/y1l'a diisecektir. Bu rakam, su kitligiyla miicadele eden
tilkeler arasinda yer almamiza neden olabilir. Ayrica, kurak ve yar1 kurak iklim kusagina sahip olan
iilkemiz, kuraklik tehdidiyle karsi karsiyadir. Gelecek nesillerin su giivenligini saglamak icin su
kaynaklar1 korunmali ve verimli bir sekilde kullanilmalidir.

Tarimsal sulama, iilkemizde suyun en fazla kullanildigi alandir. Tarimsal sulama, bitkinin
ihtiya¢ duydugu suyun dogal yagislarla karsilanamayan kisminin bitki kok bolgesindeki topraga uygun
yontemlerle verilmesi olarak tanimlanir.

Kullanilabilir su kaynaklarinin kisitli olmasi, suyu her gegen giin daha degerli hale
getirmektedir. Ulkemizde de son yillarda yasanilan kurakliklar suyun verimli kullaniminin
gerekliligini gostermektedir. Bu durum i¢gme-kullanma, sanayi ve tarim sektorlerinde kullanilacak
suyun verimli sekilde kullanilmasim gerektirmektedir. Su verimliligi kavram olarak bir {iriiniin en az
miktarda su ile tiretimi ya da aymi miktar su ile daha fazla iiriiniin iiretilmesini ifade etmektedir
(SYGM, 2021). Su verimliligi, su tasarrufu saglayan yontemlerin uygulanmasini kapsayan genis bir
kavramdir. Bagka bir ifadeyle tedbirler alarak suyun israfin1 6nlemeyi hedeflemektedir.

Ulkemizde, Devlet Su lsleri’nin (DSI) kurulusundan itibaren sulama tesislerinin ingas1 ve
kurulumu hiz kazanmustir. Bugiine kadar DSI beton kaplamali agik kanal, kanalet, diisiik ve yiiksek
basingli borulu sebekeler hizmete sunmustur (Anonim, 2019).

Tiirkiye'nin toplam yiizol¢limiiniin yaklasik olarak %30’nu olusturan 24 milyon hektar alan
ekilebilir tarim arazisidir. Bunun 8.5 milyon hektar1 mevcut kosullarda ekonomik olarak sulanabilir
belirlenmistir. Ulkemizde halen, ekonomik olarak sulanabilecek tarim alaninin yaklasik %81.9’u
sulanmaktadir. DSI Genel Miidiirliigii; bugiine kadar 8.5 milyon hektar alanmin yaklasik 4.67 milyon
hektarini (%54.9) sulamaya agmustir. Ulkemizde 2022 yili sonu itibartyla DSI ve diger kurumlar
tarafindan sulamaya acilan toplam alan 6.96 milyon hektardir (Anonim, 2023a).

Tarim, bircok iilkede oldugu gibi iilkemizde de suyun en yogun kullanildigi sektordiir.
Ulkemizde yillik su tiiketimi 57 milyar m? olarak belirlenmistir. Bu tiiketimin %77'si tarimsal sulama,
%23'ii ise evsel tilketim ve sanayi amagl kullamlmaktadir (Anonim, 2023a). Ulkemizde suyun
%75'ten fazlasi tarimsal sulamada kullanildigindan, tarimda su tasarrufu saglayan teknolojilerin
ciftgilere yonelik egitimler ve tesvikler araciligiyla yayginlastirilmasi 6nemlidir.

Ulkemizde sulama sebekeleri 1993 yilindan itibaren sulama birliklerine, kooperatiflere,
belediyelere ve koy tiizel kisiliklerine devredilmektedir. Devredilen sulama sebekeleri 31.12.2022
tarihi itibariyla 2877441 hektara (net) ulasmistir. Bu alan i¢inde %84 ile sulama birlikleri ilk sirada yer
almaktadir (Anonim, 2023a).

Sulama sebekelerinde performansin degerlendirme ¢alismalari ile sulama yonetiminin mevcut
basar1 diizeyi tespit edilmekte, varsa sorunlar belirlenerek ¢oziime kavusturulmaktadir. Sulama
sebekelerinin uzun yillar hedeflenen performansta hizmet verebilmeleri i¢in performans degerlendirme
caligmalari, tiim sulama sebekelerinde periyodik olarak yapilmalidir. Ulkemizde DSI tarafindan
isletilen ve cift¢i organizasyonlarina devredilen sulama sebekelerinin performansi periyodik olarak
izlenerek degerlendirilmektedir. Yillik degerlendirmede her sulama sebekesinde su kullanimi,
yetistirilen bitkiler ve sulamadan elde edilen faydalar ile ilgili gostergeler kullanilmaktadir. Ancak
performans degerlendirme calismalarinda sahadan merkeze gonderilen bilgi yeterli degildir. Bu
nedenle {ilkemizde sulama sistemlerinin performansini belirleyebilecek bir gdsterge seti olusturulmali
ve uygun veriler sahadan talep edilmelidir.

Bu calismada, Eskisehir ilinde yiiksek iiretim potansiyeline sahip olan basta Cifteler olmak
iizere, bir kisim Sivrihisar ve Mahmudiye tarim arazilerine hizmet eden Sakaryabasi Sulama Birliginin
2018-2022 yillarmna iligkin sulama performansi: degerlendirilmistir

Materyal ve Yontem

Eskisehir Cifteler sulama tesisi isletmeye acildig1 yillardan itibaren isletme bakim hizmetleri
DSI tarafindan vyiiriitiilmiis olup 1995°te Sakaryabasi Sulama Birligine devredilmistir. DSI tarafindan
1969 yilinda acik beton kaplamali klasik kanal seklinde insa edilmis olan Cifteler Sulamasi; Eskisehir
Ili, Cifteler ilgesi, Mahmudiye Ilgesi ve Sivrihisar Ilgesi hudutlarinda kalan bir kisim tarim arazilerinin
sulanmasmi saglamaktadir. Proje alan1 toplam 6200 ha olmakla beraber Sakarya Nehrinin dogdugu
yerde yer alan bu tesisin alan1 5300 ha cazibe 900 ha’lik alan1 ise pompaj sulamasi seklindedir (Sekil
1).

321



COMU Zir. Fak. Derg. (COMU J. Agric. Fac.) Aragtirma Makalesi
Research Article

Figure 1. Location of the Sakaryabag1 Irrigation Association
Sekil 1. Sakaryabagi Sulama Birliginin yeri

Aragtirma alan1 Eskisehir il sinirlari icerisinde bulunmakla birlikte, i¢ Anadolu, Bati
Karadeniz ve Akdeniz iklimlerinin etkisi altinda bulunmaktadir. Yillik sicaklik ortalamasi, 10.9°C’dir.
Eskisehir’in ortalama yagist son on yillik verilere gore 336.7 kg/m®'tiir. Temmuz ve Agustos
aylarinda, Akdeniz yaz kurakligi goriiliir (Anonim, 2023b). Arastirma alaninda sulamanin geligimi
Cizelge 1°de, bitki deseni ve bitki su tiiketim degerleri Cizelge 2’de verilmistir.

Table 1. Development of irrigation in Sakaryabagi Irrigation Association
Cizelge 1. Sakaryabag1 Sulama Birliginde sulamanin gelisimi

Yillar Sulama Alam Toplam Sulanan Alan Toplam Sulama Oram
(ha) (ha) (%)

2018 6200.0 5588.3 90

2019 6200.0 5954.6 96

2020 6200.0 6071.0 98

2021 6200.0 6058.0 98

2022 6200.0 5774.0 93

Table 2. Plant pattern and plant water consumption in Sakaryabasi Irrigation Association irrigation area
Cizelge 2. Sakaryabagi Sulama Birligi sulama alanindaki bitki deseni ve bitki su tiikketimi

Bitkiler (%0) Yillar Bitki su tiiketimi
2018 2019 2020 2021 2022 (mm)
Hububat 38 32.3 35.2 475 46.4 192.15
S.Pancari 11.7 144 121 5 4.7 440.80
Yem. Bit. 7.7 8.7 7.9 8.2 8.0 484.98
Sogan 0.5 0.2 0 0.1 0.0 354.22
Bakliyat 0.9 0.3 0.2 0.3 0.0 316.15
Bostan 22.8 18.4 17.3 16.4 10.2 155.93
Aygicegi 5.0 8.5 8.6 6.7 9.4 257.22
Patates 1.5 2.4 1.0 0.3 0.7 320.82
Mera 3.3 0.2 0.0 0.0 1.2 413.64
Misir 8.6 14.4 17.7 155 19.2 343.84
Meyve-Kavak- 0.1 0.0 0.0 0.0 0.0 331.68
Fidan
Sebze 0.0 0.1 0.0 0.0 0.0 405.11
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Arastirmada kullanilan performans gostergeleri ve hesaplama metodolojisi Cizelge 3’te

verilmistir. Performans gostergeleri icin gerekli veriler Sakaryabasi Sulama Birligi ve DSI genel
miidiirligii kayitlarindan derlenmistir. (Anonim, 2022a; Anonim, 2022b). Para birimi olarak Amerikan
Dolar1 alinmigtir (TCMB y1llik ortalama efektif doviz satig kuru degerlerinden alinmistir).

Table 3. Calculation method of performance indicators in the study (Malano ve Burton, 2001)
Cizelge 3. Caligmada kullanilan performans gostergelerini hesaplama yontemi (Malano ve Burton, 2001)

Alan  Performans gostergesini hesaplama yontemi Gerekli veri
_ Sulama sistemine giren toplam su
£ z Yillik su temini orani= miktari
:ch E Sulama sistemine giren toplam su miktar: Toplam sulama suyu ihtiyaci
g :E" Toplam sulama suyu ihtiyaci
B &
Yatirimin geri doniisiim orani Kullanicilardan toplanan toplam su
= Kullanicilardan toplanan toplam su iicreti iicreti
Toplam isletme-bakim-y6netim masraflari Toplam igletme-bakim-yonetim
masraflari
Bakim masrafinin gelire orani Toplam bakim masrafi
= Toplam bakim masrafi Kullanicilardan toplanan toplam su
Kullanicilardan toplanan toplam su ticreti ticreti
Birim alana diigen toplam isletme-bakim- yonetim masrafi Toplam igletme-bakim-yonetim
(US$ ha'l) masraflari
= Toplam isletme- bakim-y6netim masraflar Sulama alan1
@ Sulama alan1
g Isletme-bakim personelinin toplam
5 Su dagitiminda istihdam edilen her bir kisiye diisen masrafi
= toplam masraf (US$ kisi™) Isletme bakimda gorevli eleman
o = [sletme-bakim personelinin toplam masraf: sayisi
TEcs Isletme bakimda gérevli eleman sayisi
Su ticreti toplama performansi Kullanicilardan toplanan toplam su
= Kullanicilardan toplanan toplam su {icreti ticreti
Alinmasi gereken toplam su tcreti Alinmasi gereken toplam su ticreti
Isletme-bakimda istihdam edilen
Birim alana diisen calistirilan personel sayisi(kisi ha'*) toplam personel sayisi
= Isletme-bakim personeli sayisi Sulama alani
Sulama alani
Birim sulama alanma karsilik elde edilen gelir (US$ ha') Her bitkiden elde edilen toplam iiriin
= Toplam iiretim degeri miktart
Sulama alani Uriiniin satis fiyat:
. Sulama alan1
§ Sulanan birim alana karsilik elde edilen gelir (US$ ha't) Her bitkiden elde edilen toplam iiriin
g = Toplam iiretim degeri miktari
£ Sulanan alan Uriiniin satig fiyati
L Sulanan alan
E Sebekeye alinan birim sulama suyuna karsilik elde edilen gelir Her bitkiden elde edilen toplam iiriin
g (US$ m*!) = Toplam iiretim degeri miktari

Sebekeye alinan toplam su miktari

Tiiketilen birim sulama suyuna karsilik elde edilen
gelir (US$ m*?!) =Toplam iiretim degeri
Toplam bitki su tiiketimi

Uriiniin sats fiyati

Sebekeye alinan toplam su miktari
Her bitkiden elde edilen toplam
irtin miktar1

Uriiniin satis fiyat:

Toplam bitki su tiikketimi (ETc)
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Bulgular ve Tartiyma

Performans gostergeleri, Sakaryabasi Sulama Birligi i¢in 2018-2022 yillar1 arasinda analiz
edilmis ve bulgular tartisiimistir.

Su Dagitim Performansi: Arastirma alaninda su dagitim performansini 6lgmek i¢in su temini
orani kullanilmis ve degerlendirilmistir (Cizelge 4). Yillik su temini orani, 0.97 ile 1.49 arasinda
degisen degerler olarak belirlenmistir. Ornegin, Degirmenci ve ark. (2003), GAP bélgesindeki 12
sulama sebekesinde 1997-2001 yillar1 arasinda su temin oranint 1.00 ile 5.90 olarak tespit etmislerdir.
Beypazar1 Bagoren Sulama Kooperatifinde ise su temin orani 1.98 olarak saptanmistir (Cin ve Cakmak
2017). Cengiz ve Ugar (2021) tarafindan Acipayam Sulama Birliginde belirlenen su temin orani ise
0.59 ile 1.19 arasinda degismektedir, ortalama olarak ise 0.95 olarak hesaplanmistir.

Beyribey (1997) tarafindan ifade edildigi gibi, su temin orani, sulama sebekesine verilen su ile
sulama suyu ihtiyaci arasindaki iliskiyi gosterir. Toplam su temin orami 1 ise ihtiya¢ kadar su verildigi
anlamina gelir. 1'den kiigiik bir deger ise ihtiyactan daha az suyun verildigini, 1'den biiyiik bir deger
ise ihtiyagtan daha fazla suyun verildigini gosterir. Arastirma alaninda yapilan ¢aligsmalar, 2022 yilina
kadar sulama sebekesine ihtiyagtan fazla su verildigini ortaya koymaktadir. Bunun nedeni, lilkemiz
genelinde yasanan mevsimsel kurakligin 2022 yilinda ihtiya¢ duyulan su miktariin altinda bir su
verilmesine yol agmasidir.

Table 4. Annual water supply rate for Sakaryabas1 Irrigation Association
Cizelge 4. Sakaryabasi Sulama Birliginde su temini orani

Sulama sistemine giren toplam su Toplam sulama suyu Yillik su temini
Yillar . 3 oy e 3
miktar1 (m°) ihtiyac1 (m°) orani

2018 40464.116 27220.000 1.49
2019 33393.848 30730.000 1.09
2020 33814.451 30700.000 1.10
2021 33716.676 27520.000 1.23
2022 27365.830 28100.000 0.97

Mali Performans

Mali performans; yatirimin geri doniisiim orani, bakim masrafinin gelire orani, birim alana
diisen isletme-bakim-yonetim masrafi, su dagitiminda istihdam edilen her bir kisiye diisen toplam
masraf, su icreti toplama performansi, birim alana diisen c¢alisan personel sayisi olmak iizere alti
performans gostergesi hesaplanarak degerlendirilmistir.

Yatirimin geri doniisiim orani: Yatinmin geri doniisiim orani, kullanicilardan toplanan
toplam su Tlicreti ve isletme-bakim-yonetim masraflari temel alinarak hesaplanmistir. Arastirma
alaninda yatirimin geri doniisiim orani %62 ile 125.08 arasinda degisen degerler olarak tespit
edilmistir (Cizelge 5). Cakmak ve ark. (2009) Asartepe sulama birliginde 2001-2004 yillar1 igin
yaptiklari ¢aligmada yatirimin geri doniisiim oranin1 %52-%170 arasinda belirlemislerdir. Bu sonuglar,
Sakaryabas1 Sulama Birligi'nde isletme ve bakim masraflarinin toplanan su iicretlerinden daha fazla
oldugunu gostermektedir. Bagka bir ifadeyle toplanan su iicretleri masraflari karsilamaya yeterli
degildir. Diger arastirmacilar tarafindan elde edilen sonuglar da dikkate alindiginda, bu durumun bir
ornegi oldugu sdylenebilir.

Table 5. Return on investment for Sakaryabagi Irrigation Association
Cizelge 5. Sakaryabagi Sulama Birliginde yatirimin geri doniigiim orani

Yillar Toplanan toplam Isletme-bakim-yonetim Yatirimin geri
su iicreti ($) masraflar (3) doniigiim oram (%)
2018 212082.74 337564.66 62.83
2019 337528.04 435096.65 77.58
2020 390815.98 352260.49 110.95
2021 369173.06 311103.03 118.67
2022 379438.07 303349.24 125.08
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Bakim masrafinin gelire orani: Sulama sebekesinde yil igerisinde yapilan toplam bakim
masrafinin s6z konusu yil toplanan su iicretine boliinmesiyle hesaplanir. Aragtirma alaninda bu oranin
en dusiik degeri 2020 yilinda %19.43, en yiiksek degeri ise 2018 yilinda %51.86 olarak belirlenmistir
(Cizelge 6). Bu degerler, toplanan su ticretinin bakim masrafini karsilamaya yeterli diizeyde oldugunu
ifade etmektedir. Ornegin, Tekiner ve Cakmak (2012) Bayramig-Ezine, Pinar ve Truva Sulama
Birlikleri iizerinde yaptiklar1 c¢aligmada, bakim masrafinin gelire oranimt %2 ile 354 arasinda
bulmuslardir. Bu bulgular, arastirma alanindaki su {icretlerinin bakim masraflarin1 karsilamaya yeterli
oldugunu destekleyen bir 6rnek olarak gosterilebilir.

Table 6. Values of the ratio of maintenance cost to income for Sakaryabasg Irrigation Association
Cizelge 6. Sakaryabagi Sulama Birliginde bakim masrafinin gelire oram degerleri

Yillar Bakim masrafi ($) Toplanan toplam su Bakim masrafinin
iicreti (%) gelire orani (%)
2018 109981.29 212082.74 51.86
2019 77315.52 337528.04 22.91
2020 75937.52 390815.98 19.43
2021 77059.03 369173.06 20.87
2022 76932.63 379438.07 20.28

Birim alana diisen toplam isletme-bakim- yonetim masrafi: Sakaryabasi sulama birliginde,
birim alana diisen toplam isletme-bakim-yonetim masrafi degisiklik gostermektedir. 2019 yilinda en
yiiksek deger 73.07 $ ha olarak belirlenirken, 2021 yilinda en diisiik deger ise 51.35 $ ha* olarak
kaydedilmistir. Benzer sekilde, Nalbantoglu ve Cakmak (2007) tarafindan yapilan bir ¢alismada,
Akinci Sulama Birligi'nde 1998-2005 yillari arasinda birim alana diisen masrafin 22.53-108.61 $ ha™
arasinda degistigi goriilmiistiir. Ayrica, Cakmak ve ark. (2010) DSI 5. Bolge'ye devredilen sulama
sebekelerinde bu degeri 6.5-71.2 $ ha! olarak bulmuslardir. Kepez Kooperatifinde ise Cakmak ve
Tekiner (2010) tarafindan yapilan bir ¢caligmada, 2001-2008 yillar1 arasinda birim alana diisen toplam
isletme-bakim-ydnetim masrafinin 0.4-192.5 TL ha! arahiginda oldugu saptanmistir. Bu bulgular,
arastirma alaninda elde edilen birim alana diisen masraf degerleri ile benzerlik gostermektedir

Table 7. Total operating maintenance and management costs per unit area for Sakaryabasi Irrigation Assocition
Cizelge 7. Sakaryabag1 Sulama Birliginde birim alana diisen toplam igletme bakim yonetim masrafi

Yillar Toplam isletme-bakim-  Sulanan alan Birim alana diisen toplam isletme-
yonetim masrafi ($) (ha) bakim-yonetim masrafi ($ ha?)
2018 337564.66 5588.30 60.41
2019 435096.65 5954.60 73.07
2020 352260.49 6071.00 58.02
2021 311103.03 6058.00 51.35
2022 303349.24 5774.00 52.54

Su dagitiminda istihdam edilen her bir Kisiye diisen toplam masraf: Su dagitiminda
isttihdam edilen her bir kisiye diisen toplam masraf, isletme bakimda gorevli eleman sayisina bagh
olarak hesaplanir. Cizelge 8'de belirtilen verilere gore, arastirma alaninda en diisiik deger 2021 yilinda
9632.38 $ kisi® olarak kaydedilirken, en yiiksek deger ise 2019 yilinda 13589.57 $ kisi* olarak
belirlenmistir. Isletme ve bakim personeli toplam masrafi, 2018'den 2022'ye dogru bir diisiis egilimi
gostermistir. Ornegin, Cakmak ve ark. (2009) tarafindan yapilan bir ¢alismada, Asartepe sulama
birliginde su dagitiminda goérevli her bir kisiye diisen masrafin 1523-5611 $ kisi? araliginda oldugu
bulunmustur. Bu bulgular, aragtirma alaninda su dagitiminda istihdam edilen her bir kisiye diisen
masrafin farklilik gosterdigini gostermektedir.
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Table 8. Total cost per person employed in water distribution for Sakaryabas1 Irrigation Association
Cizelge 8. Sakaryabagi Sulama Birliginde su dagitiminda istihdam edilen her bir kisiye diigen toplam masraf

Yillar Isletme-bakim Isletme bakimda gorevli Su dagitiminda istihdam edilen
personeli toplam personel (Kisi) her bir Kisiye diisen toplam

masrafi ($) masraf ($ kisi?)
2018 115373.39 9 12819.27
2019 95126.98 7 13589.57
2020 76777.75 7 10968.25
2021 77059.03 8 9632.38
2022 69583.20 7 9940.46

Su iicreti toplama performansi: Sakaryabasi sulama birliginde su {icreti toplama performansi
%75.08-96.40 arasinda degismektedir (Cizelge 9). Arastirma alaninda su {icreti tahsilat oran1 2018-
2019 yillarinda diismiis, ancak 2019-2022 yillar1 arasinda artig gostermistir. 2022 yilinda kaydedilen
artis, sulama birliginin basarili bir yonetim sergiledigini gdstermektedir. Beyribey (1997) tarafindan
devlet sulama sebekelerinde su iicreti toplama orani ortalama %36 olarak saptanmustir. Kullanicilara
devredilmeden Once tahsilat oranlart %36-50 araliginda degisirken, devir sonrasinda bu oranlarin
%90"n tizerine ¢iktig1 belirtilmistir. Tekirdag Hayrabolu sulama sebekesinde ise su licreti toplama
performansi %5.1-61.1 olarak bulunmustur (Sener ve ark. 2007). Bu bulgular, arastirma alaninda elde
edilen su iicreti toplama performansinin benzerlik gosterdigini ortaya koymaktadir.

Table 9. Water fee collection performance for Sakaryabasi Irrigation Association
Cizelge 9. Sakaryabag1 Sulama Birliginde Su iicreti toplama performansi

Yillar Tabhsil edilen toplam su Alinmasi gereken toplam su iicreti  Su iicreti toplama

iicreti ($) (tahakkuk) ($) performansi (%)
2018 212082.74 226180.67 93.77
2019 337528.04 449545.86 75.08
2020 390815.98 479235.24 81.55
2021 369173.06 466897.76 79.07
2022 379438.07 393608.94 96.40

Birim alana diisen calistirilan personel sayisi: Sakaryabasi sulama birliginde birim alana
diisen ¢alistirilan personel sayist 0.00115-0.00161 kisi ha' arahiginda degismektedir (Cizelge 10).
Incelenen verilere gore, en yiiksek calistirilan personele diisen sulama alan1 2020 yilinda 850.66 ha
kisi? olarak belirlenirken, en diisiik deger ise 2018 yilinda 620.92 ha kisi? olarak kaydedilmistir.
Bekisoglu (1994) ideal kosullarda bir kisinin yaklasik olarak 333 ha sulama alanina hizmet
edebilecegini belirtmigtir. Ghazalli (2004) ise Malezya'da bir igletme bakimda gorevli bir elemana 56-
200 ha kisi? alan diistiigiinii saptanustir. Bu bulgular, arastirma alaninda birim alana diisen personel
sayisinin oldukca yetersiz oldugunu gostermektedir.

Table 10. Number of personnel employed per unit area for Sakaryabas1 Irrigation Association
Cizelge 10. Sakaryabagi1 Sulama Birliginde birim alana diigen ¢aligtirilan personel sayist

Yillar isletme-bakimda Sulanan alan Birim alana diisen Calistirilan
gorevli personel (ha) calhistirilan personel personele diisen
sayisi (Kisi) sayis1 (Kisi ha?) alan miktan (ha
kisi™)
2018 9 5588.30 0.00161 620.92
2019 7 5954.60 0.00118 850.66
2020 7 6071.00 0.00115 867.29
2021 8 6058.00 0.00132 757.25
2022 7 5774.00 0.00121 824.86
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Uretim Performansi

Birim sulama alanina karsilik elde edilen gelir: Birim sulama alanina karsilik elde edilen
gelir, arastirma alaninda bitki deseni ve satig fiyatina bagli olarak yillara gore degismektedir. Cizelge
11'de en yiiksek deger 2019 yilinda 2179.49 $ ha? olarak kaydedilirken, en diisiik deger ise 2022
yilinda 1776.93 $ ha olarak belirlenmistir. Cakmak ve ark. (2004) tarafindan yapilan bir ¢alismada
ise Batman-Silvan, Devege¢idi, Derik-Kumluca, Nusaybin-Cagdas ve Cinar-Goksu Sulama Birlikleri
icin 1996-2000 yillar1 arasinda birim sulama alanina karsilik elde edilen gelirin 635-2.636 $ ha’
araliginda oldugu belirtilmistir. Bu veriler, arastirma alaninda elde edilen birim sulama alaninda elde
edilen gelirin yillara gére degiskenlik gosterdigini gostermektedir.

Table 11. Income obtained per unit irrigation area for Sakaryabasi Irrigation Association
Cizelge 11. Sakaryabas1 Sulama Birliginde birim sulama alanina karsilik elde edilen gelir

Yillar Sulama alaninda elde Sulama alam Birim sulama alanina diisen
edilen gelir ($) (ha) gelir ($ hat)

2018 11209751.62 6200.00 1808.02

2019 13512829.55 6200.00 2179.49

2020 13204047.17 6200.00 2129.69

2021 11482992.08 6200.00 1852.10

2022 11016345.43 6200.00 1776.83

Sulanan birim alana karsihik elde edilen gelir: Sakaryabasi sulama birliginde sulanan birim
alana karsilik elde edilen gelir, Cizelge 12'de sunulmaktadir. En yiiksek deger 2019 yilinda 2269.31 $
ha?! olarak belirlenmisken, en diisiik deger ise 2021 yilinda 1895.51 $ ha® olarak tespit edilmistir. Bu
farkliliklar, sulanan alanin ve bitki deseninin degismesinden kaynaklanmaktadir. Cakmak (2002)
tarafindan yapilan bir ¢alismada, Kizilirmak Havzasi'ndaki 8 sulama birligi i¢in 1999-2000 yillarinda
birim sulanan alana karsilik elde edilen gelirin 87-4678 $ ha araliginda oldugu belirtilmistir. Bu
veriler, elde edilen gelirin sulanan birim alana goére degistigini gostermektedir.

Table 12. Income obtained per unit area irrigated for Sakaryabas1 Irrigation Association
Cizelge 12. Sakaryabagi1 Sulama Birliginde sulanan birim alana kargilik elde edilen gelir

Yillar Sulama alaninda elde Sulanan alan (ha) Birim sulanan alana diisen
edilen gelir ($) gelir ($ hat)
2018 11209751.62 5588.30 2005.93
2019 13512829.55 5954.60 2269.31
2020 13204047.17 6071.00 2174.94
2021 11482992.08 6058.00 1895.51
2022 11016345.43 5774.00 1907.92

Sebekeye alinan birim sulama suyuna karsiik elde edilen gelir: Sebekeye alinan birim
sulama suyuna karsilik elde edilen gelir degerleri, Cizelge 13'te bulunmaktadir. En yiiksek gelir 2019
yilinda 0.405 $ m? olarak kaydedilirken, en diisiik deger ise 2018 yilinda 0.277 $ m= olarak tespit
edilmistir. Merdun (2004) tarafindan yapilan bir ¢alismada, DSI tarafindan igletilen ve devredilen
sulama sebekelerinde sebekeye alinan birim sulama suyuna karsilik elde edilen gelirin 0.04-0.56 $ m™
araliginda oldugu belirtilmistir. Bu veriler, sebekeye alinan birim sulama suyuna ve yetistirilen
bitkilere bagl olarak elde edilen gelirin degisebilecegini gostermektedir.
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Table 13. Revenue for unit irrigation water taken into the network for Sakaryabasg: irrigation union
Cizelge 13. Sakaryabasi sulama birliginde sebekeye alinan birim Sulama suyuna karsilik elde edilen gelir
Yillar Sulama alaninda elde Sulama sistemine  Birim sulama suyuna karsihk
edilen gelir (%) giren toplam su elde edilen gelir ($ m™)
miktar1 (m®)

2018 11209751.62 40464116.00 0.277
2019 13512829.55 33393848.00 0.405
2020 13204047.17 33814451.00 0.390
2021 11482992.08 33716676.00 0.341
2022 11016345.43 27365830.00 0.403

Tiiketilen birim sulama suyuna karsilik elde edilen gelir: Sulamada tiiketilen birim suya
kargilik elde edilen gelir degerleri, Sakaryabasi Sulama Birligi sulama alaninda Cizelge 14'te
verilmigtir. En yiiksek gelir 0.814 $ m2olarak tespit edilirken, en diisiik gelir 0.726 $ m=olarak
kaydedilmistir. Nalbantoglu ve Cakmak (2007) tarafindan yapilan bir ¢aligmada, Akinci Sulama
Birligi'nde tiiketilen birim sulama suyuna karsilik elde edilen gelirin 1.348-2.887 $ m~araliginda
oldugu belirtilmistir. Bu veriler, tiiketilen birim sulama suyuna, bitki verimine ve satis fiyatina bagh
olarak elde edilen gelirin degisebilecegini gostermektedir.

Table 14. Income from unit irrigation water consumed for Sakaryabasi Irrigation Association
Cizelge 14. Sakaryabas1 Sulama Birliginde tiiketilen birim sulama suyuna karsilik elde edilen gelir
Yillar Sulama alaninda elde Toplam tiiketilen Tiiketilen birim sulama
edilen gelir ($) sulama suyu (mq) suyuna karsilik elde
edilen gelir ($ m?3)

2018 11209751.62 14698800.00 0.763
2019 13512829.55 16594200.00 0.814
2020 13204047.17 16578000.00 0.796
2021 11482992.08 14860800.00 0.773
2022 11016345.43 15174000.00 0.726

Sonug¢ ve Oneriler

Bir sulama yonetimin basarisinin arttirilmast veya siirdiiriilebilirliginin saglanmasi, sulama
sonuglarinin analiz edilerek sonuglarin degerlendirilmesi ile saglanabilir. Performans analizleri,
sulama ydnetimine mevcut durumun belirlenmesi, varsa problemlerin tespiti ve muhtemel ¢oziimleri
noktasinda yol gosterir. Sulama, mali ve iiretim performans: konularinda analizlerde kullanilabilecek
cok sayida gosterge gelistirilmistir. Bu calismada {ilkemizde yaygin olarak kullanilan performans
gostergeleri analiz edilmistir. Aragtirma sonuglar1 ve devredilen tesislerin degerlendirmeleri, sulama
tesislerinin kullanicilarin  olusturdugu teskilatlara devredildikten sonra sulama sebekelerinin
performansinda 6nemli gelismeler saglandigini gostermektedir.

Devredilen sulama sebekelerinde, isletme, bakim ve yonetim sorumlulugunu lstlenen sulama
birliginin basarisi, sulama sebekesinin performans diizeyi ile dogrudan iliskilidir. Sulama birliklerinde
basariya ulagsmanin temeli, sulama sistemlerinin mevcut performans diizeyinin ve performansin nasil
artirillabileceginin belirlenmesidir. Bulgular degerlendirildiginde, Sakaryabasi Sulama Birliginin su
yonetimi agisindan yiiksek performans sergiledigi sdylenebilir. Ancak birligin karsilastigi 6nemli
sorunlardan biri, sulama sisteminin eski olmasi ve sulama sahasinda bulunan biiyiik mera alaninin su
kullanimi i¢in potansiyel tarim arazilerinin kisitlanmasina neden olmasidir. Sulama tesisinin onarimi
ve bazi boliimlerinin yeniden insa edilmesi ile sulama performansimin daha da artmasi mimkiin
olabilecektir.

Tesekkiir
Calismanin veri toplama asamasinda degerli yardimlarini gordiigiimiiz Sakaryabasi Sulama Birligi Bagkan1 Murat
TUZLACIOGLU ve caligma arkadaslarina tesekkiir ederiz.
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Arastirmacilarin Katki Oram Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamis olduklarini beyan eder.

Cikar Catismasi Beyam

Makale yazarlar aralarinda herhangi bir ¢ikar catismasi olmadigini beyan ederler.
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Oz

Asya kestane gal aris1 olarak bilinen Dryocosmus kuriphilus Yasumatsu (Hymenoptera: Cynipidae)
diinyada kestane agaglari lizerindeki en 6nemli ve yikici zararlilardan biridir. Bu zararh kestane {iretiminde ciddi
ekonomik kayiplara sebep olmasinin yani sira tomurcuk ve yapraklart deforme ederek kestane agaglarmin
6liimiine sebep olabilmektedir. Bu ¢alismada 2023 yili Nisan ve Temmuz aylar1 arasinda Canakkale ili i¢erisinde
yer alan Kaz Daglari’'nda kestane agaglari iizerinde D. kuriphilus un varlig: ilk kez tespit edilmistir. Ayrica, D.
kuriphilus’un zarar orani ve biyolojisi lizerine 6nemli veriler ortaya ¢ikarilmistir. Gézlemlerimize gore agik veya
koyu yesil renkteki galler Nisan basindan itibaren kestane agaglarinin yaprak ve tomurcuklari {izerinde olusmaya
baslamis daha sonraki donemde bu galler kirmizimsi renge donmiistiir. Nisan basindan Haziran basina kadar
toplanan gallerin i¢inden ¢ogunlukla D. kuriphilus’un larvalar elde edilirken Haziran ve Temmuz aylar1 arasinda
toplanan gallerden ise daha ¢ok pupa ve ergin bireyler elde edilmistir. D. kuriphilus’un zarar oran1 géz Oniine
alindiginda agac basina ortalama gal sayis1 61.7-82.3 olurken her agactaki 50 cm’lik dal iizerindeki ortalama gal
sayist ise 6.17-8.23 olarak belirlenmistir. Buna gore Kazdaglari’nda kestane agaclari tizerinde D. kuriphilus’un
zarar oraninin ekonomik zarar esiginin lizerinde oldugu tespit edilmistir.
Anahtar Kelimeler: Dryocosmus kuriphilus, Kestane agaci, Kaz Daglari, Canakkale

A New Destructive Pest in the Ida Mountains - Canakkale: Dryocosmus kuriphilus
Yasumatsu (Hymenoptera: Cynipidae)

Abstract

The Asian chestnut gall wasp, Dryocosmus kuriphilus Yasumatsu (Hymenoptera: Cynipidae) is one of
the most important and destructive pests on chestnut trees worldwide. This pest causes severe economic yield
losses in chestnut production and may cause the death of chestnut trees by deforming the leaf and bud of the
trees. In this study, the infestation of D. kuriphilus on chestnut trees was determined for the first time in the Ida
Mountains located in Canakkale Province, Tirkiye between April and July 2023. Also, some important data on
the damage ratio and biology of D. kuriphilus were revealed. Based on our observations, the light or dark green
galls started to emerge on the leaves and buds of chestnut trees from the beginning of April, and these galls
turned red in the following periods. While larval instars of D. kuriphilus were mostly obtained from the galls
collected from the beginning of April to the beginning of June, while the pupae or adults of insect were obtained
from the galls collected between June and July. Considering the damage ratio of D. kuriphilus, the mean number
of galls per tree was recorded as 61.7-82.3, while the mean number of galls per 50 cm twig in each tree was
noted as 6.17-8.23. Accordingly, it was determined that the damage ratio of D. kuriphilus on chestnut trees in the
Ida Mountains was above the economic damage threshold level.
Keywords: Dryocosmus kuriphilus, Chestnut tree, Ida Mountains, Canakkale

Giris
Kestane [Castanea spp. (Fagaceae)] meyve, kereste ve bal {iretimi i¢in yetistirilmesinin yani
sira orman ekosistemleri ve besin aglarmin 6nemli bilesenlerinden birisidir (Cooper ve Rieske, 2010;
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Pezzi ve ark., 2011). Kestane diinyada Amerika, Avrupa, Kafkasya, Cin, Japonya ve Kore basta olmak
lizere bircok bolgede yetismektedir (Yaltirik, 1982). Tirkiye’de ise Ege, Marmara ve Karadeniz
bolgelerinin nemli orman kisimlarinda Castanea sativa Mill. (Fagaceae) tiirii olarak dogal bir sekilde
yayilim gostermektedir (Subasi, 2004). Diinya kestane iiretimi 2021 yilinda 568 bin ha alanda yaklasik
2.23 milyon ton olarak gerceklesmistir. Tiirkiye’de ise 14 bin ha alanda yaklagik 78 bin ton kestane
iiretimi yapilmustir. Tiirkiye diinya kestane iiretiminde Cin ve Ispanya’nin ardindan 3. sirada yer
almaktadir (FAOSTAT, 2021). Canakkale ilinde ise 2021 yilinda yaklasik 1200 ton iiriin ile Tiirkiye
kestane iiretiminin %1.5°1 gergeklesmistir (TUIK, 2021). Ayrica, Canakkale’nin Bayramig ilgesi
sinirlarindaki Kaz Daglari’nin kuzey yamaglarinda dogal olarak yayilim gdsteren kestane agaglarindan
toplanan meyveler yore halkinin gecim kaynaklari arasinda yer almaktadir (Anonim, 2023).

Asya Kestane Gal Arisi olarak bilinen Dryocosmus kuriphilus Yasumatsu (Hymenoptera:
Cynipidae) diinyada kestane agaclart lizerindeki en 6nemli zararlilardan biri olup kestane {iretiminde
onemli oranda azalmaya sebep olmaktadir (EPPO, 2005; Battisti ve ark., 2014; Vollmeier ve ark.,
2018). Dryocosmus kuriphilus Cin kokenli bir zararli olup Avrupa kitasinda ilk olarak 2002 yilinda
Italya'da tespit edilmistir (Brussino ve ark., 2002). Bu zararlinin varlig1 Tiirkiye'de ise ilk olarak 2014
yilinda Bursa ve Yalova illerinde kestane agaclari iizerinde rapor edilmistir (Cetin ve ark., 2014).
Dryocosmus Kkuriphilus daha sonraki yillarda oldukg¢a hizli bir yayilim gostererek Tiirkiye nin
Marmara (Balikesir, Bilecik, Istanbul, Kocaeli, Sakarya), Karadeniz (Bartin, Diizce, Giresun, Samsun,
Sinop, Zonguldak) ve Ege (izmir) bolgelerinde kayit edilmistir (Sah, 2019; Azmaz ve Katilmus, 2020;
Yildiz ve ark., 2020; Micik ve Ipekdal, 2021; Micik ve ark., 2021; Akyiiz ve ark., 2022).

Dryocosmus kuriphilus’un kestane agaglarinda c¢igek, siirglin ve yapraklarda olusturdugu
galler yaprak olusumu ve fotosentezde 6nemli oranda azalmaya sebep olmaktadir. Bunun sonucunda
kestane agacinin biiylimesi, meyve ve odun iretimi olumsuz etkilenmektedir (Battisti ve ark., 2014;
Marcolin ve ark., 2017). ABD ve italya’da yapilan ¢alismalarda zararlinin kestane agaclari iizerindeki
zarar orani ve verim kaybinin %50-80 arasinda oldugu belirtilmektedir (Payne ve ark., 1983; Bosio ve
ark., 2013; Battisti ve ark., 2014). Tiirkiye’de ise ipekdal ve ark. (2014)’mn Yalova ilinde yaptig
gozlemler kestane agaclarinin birgok dalinin yaklasik %80 oraninda gal i¢erdigi ve meyve veriminin
ise durma noktasina geldigini ortaya koymaktadir.

Yukarida sunulan bilgiler 1s1ginda bu ¢alismada, 2023 yili1 Nisan ve Temmuz aylar1 arasinda
kestane agaglarinin en 6nemli zararlisi olan D. kuriphilus’un Kaz Daglari’nin Canakkale ili sinirlari
icerisinde kalan kisimlarindaki varliginin belirlenmesi, biyolojisi ve zarar orani {izerine bazi
gozlemlerin yapilmasi amaglanmustir.

Materyal ve Yontem

Ornekleme Alam

Yunan mitolojisinde “Ida Daglar1” olarak da bilinen Kaz Daglari, Tiirkiye’nin Marmara ve
Ege Bolgeleri ile Canakkale ve Balikesir illeri arasinda dogal bir sinir olusturmaktadir (Uysal ve ark.,
2011). Bolgedeki kuzey-giiney dogrultusundaki derin vadiler ve kanyonlar, deniz etkilerinin b6lgenin
i¢ kesimlerine taginmasina olanak sagladigi i¢in zengin bir bitki Ortilisiine sahiptir ve ¢ok sayida
endemik bitki tiirline ev sahipligi yapmaktadir. Kaz Daglar Tiirkiye’nin en 6nemli biyolojik cesitlilik
noktalarindan olup (Sevgili ve ark., 2011) endemik ve nadir bitki tiirlerine ev sahipligi yapan en
onemli dogal alanlardan biridir (Gemici, 2001). Kaz Daglari’nda yaklasik 800 bitki tiirli dogal olarak
yetismekte ve bunlarin 86°s1 lilkemiz i¢in endemik tiirler arasinda yer almaktadir. Bolge flora ve fauna
bakimindan, Biga yarimadasinin en zengin alani durumundadir. Ormanlik alanlarm agac tiirleri basta
Kazdag1 goknari (endemik) olmak iizere kayin, karagcam, kizilgam, bodur ardi¢, mese, kestane ve adi
porsuk tirlerinden olusmaktadir. Kaz Daglari’nda kestane agaclari daha ¢ok boélgenin Canakkale
sinirh igerisinde bulunan kuzey ve kuzeybati kisimlarinda 0.13 km? alanda saf yayilish kestane
ormanlar1 seklinde bulunmaktadir. Bunun yami sira bolgenin farkli kisimlarinda yaklagik 12 km?
alanda Quercus (Mese) - Castanea (Kestane), Fagus (Kaymn) - Castanea (Kestane) ve Pinus
(Karagam) - Castanea (Kestane) birliktelikleri goriilmektedir (Hepbilgin, 2019). Bu c¢alisma
kapsaminda kestane agaglari iizerinden drnekleme yapilan alanlar Sekil 1°de gosterilmistir.
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Figure 1. The map showing the sampling regions in the Ida Mountains.
Sekil 1. Kaz Daglari’ndaki 6rnekleme bolgelerini gosteren harita.

Arazi Calismalar:

Dryocosmus kuriphilus’un Kaz Daglari’'nin Canakkale ili smuirlar1 igerisinde yer alan
kisimlarinda kestane agaglar iizerindeki varligimi belirlemek ve zarar yogunlugu ile biyolojileri
iizerine gozlemler yapmak amaciyla arazi ¢alismalar1 yapilmistir. Bu ama¢ dogrultusunda g¢aligmalar
2023 yil1 Nisan ve Temmuz aylar1 arasinda Canakkale ili Bayramig ilgesi sinirlarinda yer alan Kaz
Daglari’nin eteklerinde on giinde bir olacak sekilde gerceklestirilmistir. Kestane agaclarinin D.
kuriphilus ile bulasik olup olmadiginin belirlenmesi amaciyla agaglarin tomurcuk, yaprak ve siirgiin
kisimlar1 kontrol edilmis ve bu kisimlarda zararlinin olusturdugu gal yapilar1 gozlemlenmistir.
Dryocosmus kuriphilus ile bulasik oldugu tespit edilen kestane agaglarindan yeterli sayida tizerinde gal
meydana gelen dal kisimlar1 farkli donemlerdeki bireylerin elde edilebilmesi amaciyla kesilerek
laboratuara getirilmistir. Laboratuvara getirilen galler dikkatli bir sekilde bistiiri ile kesilerek zararlinin
larva ve pupa donemleri ortaya cikarilmig ve ayrintili fotograflart ¢ekilmistir. Dryocosmus
kuriphilus’un ergin bireylerinin elde edilebilmesi amaciyla galler u¢ kisimlarinda cam tiipler bulunan
kiiltiir kaplar1 (Sekil 2a) igerisine alinmistir. Ayrica kiiltiir kaplar1 igerisinde nem olusumu ve gallerin
¢lirimesini engellemek amaciyla 6n kisimlaria tiil ile kapatilmis havalandirma delikleri agilmigtir.
Kiiltiir kaplari giinliik olarak kontrol edilerek ergin D. kuriphilus bireyleri elde edilmistir (Sekil 2 b).
Daha sonra ergin D. kuriphilus bireyleri igerisinde %70’lik etil alkol bulunan eppendorf tiipleri
igerisine alinmustir.

Figure 2. a- The boxes used to emerge adult individuals under laboratory conditions, b- Adult individuals of
Dryocosmus kuriphilus.

Sekil 2. a- Laboratuvar kosullarinda ergin bireylerin elde edilmesinde kullanilan kutular, b- Dryocosmus
kuriphilus’un ergin bireyleri.
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Ayrica D. kuriphilus’un zarar orani ve ekonomik zarar seviyesi ile ilgili on veriler elde
edebilmek amaciyla Battisti ve ark. (2014)’in yontemi bazi degisiklikler yapilarak kullanilmustir.
Buna gore her 6rnekleme bolgesinden rastgele lic kestane agaci segilmistir. Segilen her agacin farkh
bolgelerinden toplam 10 dalin ug¢ siirgiinden itibaren 50 cm’lik kisimlarindaki galler sayilmigtir.
Dallardaki sayilan galler kayit edilerek aga¢ basina ortalama gal sayisi ve her aga¢ i¢in 50 cm’lik dal
bagina ortalama gal sayis1 hesaplanmistir.

Bulgular ve Tartisma

Bu ¢alisma ile Kaz Daglari’nin Canakkale ili sinirlarinda yer alan bolgelerde 2023 yili Nisan
ve Temmuz aylar1 arasinda yapilan oOrneklemeler sonucunda kestane agaglari iizerinde D.
kuriphilus’un varlig: ilk kez tespit edilmistir. Orneklemeler sirasinda yapilan gézlemlerde Nisan ayi
basindan itibaren yapraklarda ve tomurcuklardaki gallerin ilk olarak agik veya koyu yesil renklerde
olusmaya basladigi, daha sonraki donemlerde ise gallerin kirmiziya donmeye basladigi tespit
edilmistir. Yapraklarda meydana gelen gallerin yaprak ana damarinin sap kismina yakin yerlerde veya
ana damarin yaprak ucuna ulastig1 kisimlarda olustugu ve galin oldugu yerde sekil bozuklugu veya
kivrilmalar meydana geldigi gozlenmistir. Tomurcuklarda veya yapraklarin dip kisimlarinda meydana
gelen gallerin ise bir veya birden ¢ok galin birlesmesiyle olustugu ve diizensiz sekillerde oldugu tespit
edilmistir (Sekil 3).

Figure 3. Galls caused by Dryocosmus kuriphilus on the leaves and buds of chestnut trees in the Ida Mountains.
Sekil 3. Kaz Daglari'nda kestane agaclarinin yaprak ve tomurcuklarinda Dryocosmus kuriphilus’un meydana
getirdigi galler.

Ornekleme doneminde kestane agaglari iizerinden toplanan ve iizerinde galler bulunan dallar

laboratuara getirildikten sonra galler yaprak ve dallarindan ayiklanmis ve bir bistiiri yardimiyla
dikkatli bir sekilde kesilerek igerisindeki farkli donemlerdeki D. kuriphilus bireyleri ortaya
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cikarilmustir. Galler kesildiginde elde edilen D. kuriphilus’un larva donemlerinin viicut uzunlugu
yaklasik 2-3 mm olup, viicut mat beyaz - krem renginde, gozleri ve bacaklari bulunmamaktadir (Sekil
4a). Dryocosmus kuriphilusun pupasi yaklasik 3 mm boyunda olup viicudu siyah - kahverengimsi
renktedir (Sekil 4b). Ergin bireylerin ise 3-3.5 mm boyda oldugu anten ve bacaklarin ise koyu sar1 -

Figure 4. a- larva, b- pupa, c- adult stages of Dryocosmus kuriphilus.
Sekil 4. Dryocosmus kuriphilus un a- larva, b- pupa, c- ergin dénemleri.

Dryocosmus kuriphilus’un biyolojisi {izerine 6n bilgiler elde edebilmek igin yapilan gézlemler
sonucunda, Nisan basindan Haziran basina kadar olan doénemde laboratuvara getirilerek kesilen
gallerden zararlinin daha ¢ok larva dénemleri elde edilirken Haziran - Temmuz aylari arasinda kesilen
gallerden ise ¢ogunlukla zararlinin pupa veya gal igerisinden ¢ikmaya hazir hareketli ergin bireyleri
elde edilmistir. Ayrica D. kuriphilus’un Kaz Daglari’nda kestane agaglari iizerindeki zarar oranina
yonelik veriler elde edebilmek amaciyla da 6rnekleme yapilan bolgelerdeki agaclarin dallardaki gal
sayilar1 kayit edilmis ve aga¢ basina gal ortalamalari hesaplanmistir. Kaz Daglari’'nda 6rnekleme
yapilan bolgelerdeki agag¢ basina ortalama gal sayilart (Go/agag) gbéz Oniine alindiginda, bélgedeki
kestane agaglarindaki ortalama gal sayilarinin 61.7 - 82.3 arasinda degistigi belirlenmistir. En diisiik
agac basina ortalama gal sayis1 61.7 ile Orenli - Caldag bdlgesinde tespit edilirken, en yiiksek ortalama
gal sayisi ise Sazak Gozetleme Kulesi bolgesinde belirlenmistir. Diger taraftan 6rnekleme yapilan
bolgelerdeki her agactaki 50 cm’lik dal basgina ortalama gal sayilar1 (Go/dal) da 6.17 - 8.23 olarak
tespit edilmistir. Kestane agaglarinda D. kuriphilus i¢in ekonomik zarar esiginin her aga¢ i¢in 50
cm’lik dal basina ortalama gal sayisinin (Go/dal) 6 oldugu goz 6niine alindiginda, Kaz Daglari’ndaki
kestane agag¢larinin gal sayisi bakimindan zararhnin ekonomik zarar esiginin tistiinde bir degere sahip
oldugu tespit edilmistir (Cizelge 1).

Table 1. The mean number of galls per tree and twig for Dryocosmus kuriphilus determined in the sampling
regions in the Ida Mountains.

Cizelge 1. Kaz Daglari’ndaki 6rnekleme bolgelerinde (OB) belirlenen Dryocosmus kuriphilus igin agag ve dal
basina ortalama gal sayilart.

OB1 OB2 OB3 OB4 OB5
(Orenli- (Mekkare (Ayazma (Sazak Gozetleme (Cirpilar
Caldag) Tepe) Ustii) Kulesi) Ustii)
1. Agag 56 79 77 84 52
2. Agac 63 54 68 92 71
3. Agac 66 60 88 71 65
Go/agag 61.7 64.3 77.7 82.3 62.7
Goldal 6.17 6.43 7.77 8.23 6.27
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Kestane Tiirkiye’nin Ege, Marmara ve Karadeniz bolgelerinde dogal veya kiiltiire alinmsg
alanlarda yerel halkin ve {ireticilerin 6nemli bir gelir kaynagi olmasinin yani sira orman alanlarinda
odun hammaddesi veya bal iiretiminde kullanilmasi gibi sebeplerden dolayr oldukc¢a Onemlidir.
Dolayisiyla kestane tizerinde dnemli zararlara ve verim kayiplarina sebep olabilen ve son yillarin en
onemli istilact zararli tiirlerinden olan D. kuriphilus’un hem diinyada hem de Tiirkiye’de bu kadar hizli
yayllmast ve yogun zararlar meydana getirmesi Onemli bir tehlike olusturmaktadir. Zararlinin
Tiirkiye’de 2014 yilinda Yalova’da tespit edilmesinden (Cetin ve ark., 2014) giiniimiize kadar gecen
sirede Ege, Marmara ve Karadeniz bolgelerinin birgok ilinde yogun bir sekilde tespit edilmesi
dikkatle takip edilmesi ve gerekli 6nlemlerin alinmas1 gerekliligini ortaya koymaktadir.

Tirkiye’de kestane agaglarinda D. kuriphilus’un zarar yogunlugu tizerine yiiriitiilen ¢alismalar
da zararlimin ekonomik zarar esiginin oldukea iizerinde oldugunu kanitlanmaktadir. Samsun’da Akyiiz
ve ark. (2022) tarafindan farkli kestane genotipleri {izerinde yiiriitiillen ¢alismada Marigoule genotipi
tizerinde 50 cm’lik dal basina ortalama 10.82 gal tespit edilmistir. Diger taraftan Sah (2019) tarafindan
yiiriitiilen bir calismada Bursa, Istanbul ve Yalova illerinin farkli bolgelerinde kestane agaclarinda D.
kuriphilus’un 50 cm’lik dal basina sirasiyla ortalama 30.00, 28.70 ve 28.20 gal meydana getirdigi
belirtilmistir. Bizim c¢alismamizda ortaya c¢ikardigimiz ornekleme yapilan bolgelerdeki agaclarda 50
cm’lik dal basina ortalama gal sayilarinin 6.17 - 8.23 arasinda degismesi de yukaridaki calismalar ile
benzerlik gostermektedir. Hem bu c¢aligmada sundugumuz sonuglar hem de Tirkiye’nin farkli
bolgelerinde yiiriitillen yukaridaki ¢alismalarin sonuglar1 D. kuriphilus’un kestane agaglar {izerinde
ekonomik zarar esiginin oldukca iizerinde bir zarar yogunluguna ulastigini1 ortaya koymaktadir. Buna
paralel olarak Battisti ve ark. (2014) kestane agaclarinda 50 cm’lik dal basina yilda ortalama 4 - 6 gal
sayist yaklasik %50 oraninda verim kaybina sebep olurken dal basina ortalama gal sayisi 6’yi
astiginda verim kayiplarinin %80’e kadar cikabilecegini bildirmistir. Tiirkiye’de ozellikle kiiltiir
alanlarinda yetistirilen kestane agaglarinda D. kuriphilus’dan kaynakli verim kayiplarina yonelik
heniiz ayrintili veriler ortaya ¢ikarilmamis olsa da yukarida sunulan ¢aligmalar tilkemizde bu zararlinin
onemli verim kayiplarina sebep olabilme ihtimalini giin gectikce giiclendirmektedir.

Diger taraftan, Tiirkiye’de hem tarim alanlarinda kiiltiirel olarak yetistirilen hem de ormanlik
alanlarda dogal olarak yayilim gosteren kestane agaglari iizerindeki bu zararlinin baskilanmasinda
kullanilan en Onemli yoOntemlerin basinda bir parazitoit tir olan Torymus sinensis Kamijo
(Hymenoptera: Torymidae)’in salinmasi gelmektedir. Torymus sinensis’in D. kuriphilus’un biyolojik
miicadelesinde kullanilmasi {imitvar sonuglar ortaya koymaktadir (ipekdal ve ark. 2017). Ayrica bazi
kestane gesitlerinin D. kuriphilus’a dayaniklilik géstermesi (Akyiiz ve ark., 2022; Miiftiioglu ve ark.,
2023) zararl ile biyolojik miicadelenin yani sira yeni tiretim alanlarinin kurulmasinda dayanikli ¢esit
kullaniminin da 6nemli bir basar1 sagladigini ortaya koymaktadir.

Sonug¢ ve Oneriler

Bu calisma ile Kaz Daglari’'nin Canakkale ili sinirlar icerisinde kalan alanlarda kestane
agaclar tizerinde D. kuriphilusun varligt ilk kez ortaya g¢ikarilmis olup, zarar orani ve biyolojisi
tizerine 6nemli veriler elde edilmistir. Elde edilen sonuclar D. kuriphilus’'un Tirkiye’deki yayilim
alanin1 giin gegtikte hizli bir sekilde genislettigini gostermistir. Ayrica bu ¢alismada belirlenen D.
kuriphilus 'un kestane agagclar1 tizerindeki zarar oraninin ekonomik zarar esiginin iizerinde olmasi Kaz
Daglari’nin Canakkale sinirlar igerisinde yer alan bolgelerindeki kestanelerin yerel halk i¢in 6nemli
bir gelir kaynagi olmasina da o6nemli bir tehdit olusturmaktadir. Zararl ile biyolojik miicadele
caligmalarinin imitvar sonuglar ortaya koymasi, gelecekte bdlgede yiiriitiilecek biyolojik miicadele
caligmalarinda parazitoit tiir T. sinensis’in varligi, yogunlugu, yaygiliginin belirlenmesi ve salim
caligmalarinin yapilmasi zararlinin baskilanmasinda 6nem arz etmektedir. Ayrica yeni iiretim
alanlarinin kurulmasinda zararliya kars1 dayanikli oldugu bilinen kestane ¢esitlerinin kullanimimin da
yayginlagtirilmasi zararlinin miicadelesine 6nemli katkilar saglayacaktir. Sonug olarak Kaz Daglari
basta olmak tizere Tirkiye’nin farkli bolgelerindeki hem orman hem de kiiltiir alanlarindaki kestaneler
tizerinde zararli D. kuriphilus’un biyolojisi, zarar orani, biyolojik miicadele imkanlar1 ve dayanikli
kestane cesitleri lizerine ayrintili ¢alismalar yapilmasinin bu zararlinin bir an 6nce kontrol altina
almmasina 6nemli katki saglayacagi diisiinilmektedir.

Arastirmacilarin Katki Oram Beyan Ozeti
Yazarlar makaleye esit oranda katki saglamis olduklarini beyan eder.
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Cikar Catismasi Beyam
Makale yazarlar aralarinda herhangi bir ¢ikar ¢atigmasi olmadigini beyan ederler.
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Oz

Bu aragtirmada, meteoroloji genel miidiirliigiinden elde edilen uzun yillar iklim verileri kullanilarak,
yagis analizi yapilmis ve Canakkale ili i¢in kuraklik durumu belirlenmeye ¢alisilmigtir. Calismada elde edilen
veriler kullanilarak, Canakkale merkez meteoroloji istasyonuna ait 1970-2022 zaman diliminde R programinda
HydroTSM paketi kullanilarak yagis analizi yapilmis ve standart yagis indisi yontemine goére kuraklik analizi
yapilmustir. Bu analizlerin sonucunda elde edilen zaman serileriyle uzun yillara yayilan yagis ve kuraklik verileri
incelenmistir. Yagislarin giinliik, aylik, yillik ve mevsimsel zaman serileri olusturulmus, elde edilen verilere gore
yagislarin diizensiz bir dalgalanma meydana getirdigi tespit edilmistir. Kuraklik analizi ise 3, 6, 12, 24, 36 aylik
zaman araliklariyla hesaplanmistir. Canakkale ili i¢in 1970-2022 yillar1 arasinda Snemli kurak donemlerin
yasandig1 tespit edilmistir. Sonuglara gére kurak ve hafif kurak seklindeki dagilim daha agir basarken, nemli ve
yar1 nemli donemlerinde yasandigi belirlenmistir. Kurakligin siddetinin en fazla oldugu yillar 1997, 2009 ve
2020 yillaridir. Ayrica analizlerin zaman periyodu artik¢a kuraklik siddeti ve toplam kuraklik siireleri hemen
hemen benzerlik gostermektedir. Canakkale ili i¢in tespit edilen yagis rejimindeki dalgalanmalar ve kuraklik
durumu tarimsal su yonetimi ve su kaynaklarinin planlanmasi ¢ergevesinde degerlendirilmistir.
Anahtar Kelimeler: Yagis analizi, kuraklik analizi, Standart yagis indisi, HydroTSM, Canakkale

Drought Analysis of Canakkale Province Based on Long-Term Climate Data

Abstract

The aim of this research is to analyze precipitation and investigate drought conditions by using long-
term climate data obtained from the General Directorate of Meteorology. Using the data obtained in the study,
precipitation analysis was performed using the HydroTSM package in the R program for the 1970-2022 time
period of the Canakkale central meteorological station, and drought analysis was performed according to the
standard precipitation index method. With the time series obtained because of these analyses, precipitation and
drought data for many years were examined. Daily, monthly, annual, and seasonal time series of precipitation
were generated, and it was determined that precipitation fluctuates irregularly according to the data obtained.
Drought analyses were calculated at 3, 6, 12, 24, 36-month time intervals. It was determined that Canakkale
province experienced significant dry periods between 1970 and 2022. According to the results, it was determined
that arid and mild arid distribution was more predominant, while humid and semi-humid periods were
experienced. The years with the highest severity of drought are 1997, 2009, and 2020. In addition, as the time
period of the analyses increases, drought severity and total drought periods are almost similar. Fluctuations in the
precipitation regime and drought conditions determined for Canakkale province were evaluated within the
framework of agricultural water management and water resources planning.
Keywords: Precipitation analysis, drought analysis, Standard precipitation index, HydroTSM, Canakkale

Giris

Yagmur, su kaynaklar1 ve hidroloji, tarim, su {rilinleri yetistiriciligi, hidroelektrik enerji
tiretimi ve iklim sistemleri agisindan 6énemli bir unsurdur (Dilinuer ve ark 2021). Ayrica, kiiresel iklim
degisikliklerinden dolay1 yagislar ciddi sekilde etkilenmektedir (Kumar ve ark 2017). Yagislardaki
degisim bolgelerde ya da diinya genelinde hissedilmektedir ve bu degisimin gevre ve insan sistemleri
iizerindeki etkileri oldukga aciktir (Kotir, 2011). Yagisin daha diigiik veya daha yiiksek olmasi ya da
bunun mekansal ve mevsimsel dagilimindaki degisiklikler, yiizey akisi, toprak nemi ve yeralt1 suyu
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rezervlerini, kuraklik ve taskinlarmm sikligimi etkileyecektir. Ayrica, yagis dagilimindaki zamansal
degisim, bitki desenini ve tiretimi etkilemektedir (Kumar ve ark. 2010).

Her iklim tipinde siklikla goriilebilen kuraklik; belirli zaman dilimlerinde oSlgiilen yagis
miktarinin yagis ortalamasinin altina diismesi olarak tanimlanmaktadir (Ugar ve ark.,2019). Kuraklik
genellikle tic simf seklinde degerlendirmektedir. Bunlar; meteorolojik kuraklik, tarimsal kuraklik ve
hidrolojik kurakliktir. Meteorolojik kuraklik, yagislarin uzun yillar ortalamasindaki azalma seklinde
ifade edilir. Tarimsal kuraklik ise, toprakta bitkinin kok bolgesi cevresinde faydalanabilecegi su
miktart olarak tanimlanir. Tarimsal kuraklik i¢in ana faktdrler yagis, bitki su tiiketimi ve toprak
ozellikleri seklinde siralanabilir. Hidrolojik kuraklik ise, uzun siire yagis yoksunlugundan yer alt1 ve
yer ustl su kaynaklarinin azalmasidir (Simsek ve ark., 2011).

Tiirkiye, cografi konumu ve iklim cesitliligi nedeniyle hem kuraklik hem de asir1 yagis
olaylarinin siklikla yasandigi bir bdlge olarak bilinir, ayrica kisi basina disen kullanilabilinir su
miktar1 bakimindan zengin su kaynaklarina sahip iilkeler arasinda degildir. Degisen iklim sartlar1 ve
hizla artan niifus neticesinde su kullaniminda meydana gelen artistan kaynakli su sikintisi
yaganmamasi i¢in su kaynaklarmin planli yonetimi, su kaynaklarimin korunmasi ve gelistirilmesi
onemli hale gelmistir.

Ozellikle karalar iizerine diisen yagis miktarindaki zamansal ve mekansal degisim tarim
faaliyetlerini 6nemli derecede etkilemektedir. Bu durum bazen kuraklik seklinde ortaya ¢ikacagi gibi
bazen de sel felaketi seklinde ortaya ¢ikmakta ve tarim alanlarinda drenaj problemi olusturmaktadir.
(Ugar ve ark.,2019).

Son yillarda, kuraklikla ilgili caligmalarda gesitli indislerin kullanimi biiyiik bir yayginlik
kazanmustir. Bu indisler arasinda, 6zellikle Standart Yagis Indisi (SPI) (McKee ve ark., 1993), Palmer
Kuraklik Siddeti Indisi (PDSI) (Palmer, 1965), Cin-Z indisi (CZI) (Wu ve ark., 2001) ve Etkili
Kuraklik Indisi (EDI) (Morid ve ark., 2010) gibi yontemler dikkat ¢ekmektedir. SPI'nin, degisik
cografi bolgelerde ve zaman dilimlerindeki kuraklik durumlarini etkili bir sekilde kiyaslayip analiz
edebilme 6zelligi, bu indisin yaygin olarak kullanilmasini saglamistir (Angelidis ve ark., 2012; Yusof
ve ark., 2013). Ayrica, Diinya Meteoroloji Orgiitii (WMO) tarafindan da SPI'nin kullanimi tavsiye
edilmektedir (Hayes ve ark., 2011; Hao ve AghaKouchak, 2013). SPI'nin hesaplanmasi olduk¢a
basittir ve gerekli verilerin temini kolaydir. Bu indis, uzun vadeli yagis verilerine dayanarak, bu
verilerin bir olasilik dagilimina uyarlanmasi mantigina dayanir (Mckee ve ark., 1993; Ajaz ve ark.,
2019). Bu calismada, kuraklik analizi i¢in temel olarak yagis verileri kullanilmaktadir. Bu sebeple,
aragtirmamizda kurakligin analizi i¢in SPI indisi tercih edilmistir.

Oguztirk ve Yildiz (2014), Kirikkale Ilinde gerceklestirdikleri calismada, degisik zaman
dilimleri (1, 3, 6, 9, 12 ve 24 ay) boyunca kuraklik durumunu analiz etmislerdir. Bu ¢alisma igin,
Kirikkale'deki meteoroloji istasyonunun 1950'den 2007'ye kadar olan 58 yillik donemine ait aylik
yagis verileri kullanilmistir. SPI yontemi bu verilere uygulanarak, secilen zaman dilimlerine gore
kuraklik 6zellikleri detayli bir sekilde incelenmistir. Calismadan elde edilen sonuglar vasitasiyla
kurakligin siddeti ve siiresi hesaplanarak su kaynaklarina etkisi incelenmistir.

Farkli cografi bolgelerdeki kuraklik durumlarinin analiz sonuglarina bakildiginda (Hezarani,
2018), 1970-2014 yillar1 arasinda Tiirkiye'deki Yesilirmak Havzasi'nda kuraklik durumunu incelemek
icin kullanilan SPI ve PNI gibi kuraklik indisleri, yagis verilerine uygulanarak bolgesel kuraklik
haritalariin olusturulmasina imkan tanimistir. Bu ¢alisma, havzanin i¢ kesimlerinde kiy1 bolgelerine
gore daha yogun kuraklik yagandigini ortaya koymustur.

Benzer sekilde, Polonya'da Osuch ve ark (2016) iklim degisikliklerini tahmin etmek i¢in SPI
yontemini kullanmuslar ve alt1 farkli iklim projeksiyonu iizerinde ¢aligmislardir. Bu ¢aligmada, 1, 3, 6,
12 ve 24 aylik yagis verileri kullanilmis ve SPI degerleri Mann-Kendall ve Sen'in egilim analizi
yontemleriyle degerlendirilerek haritalandirilmistir. Arastirmalarinda, 6zellikle yaz aylarinda 6nemli
iklimsel degisikliklerin oldugunu vurgulamislardir.

Cin'in kuzeybat1 bolgesinde Wang ve ark (2017) tarafindan gergeklestirilen bir diger calisma,
1960-2010 yillar1 arasindaki gilinliik sicaklik ve yagis verilerini incelemis ve sicaklik indislerinde
istatistiksel olarak 6nemli bir artig tespit edilmis, bu da bolgedeki iklim degisikliklerinin bir gostergesi
olarak kabul edilmistir.

Genel olarak, Uluslararast iklim Degisikligi Paneli raporlari (Kaczmarek, 1996) kuraklik
olaylarinin iklim degisikliginin bir sonucu oldugunu ve ozellikle 20. ylizyilin sonlarinda bazi
bolgelerde siklik ve yogunluklarinda artig olacagini belirtmektedir.
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Yildinm ve Mucan (2022) tarafindan Canakkale ili meteoroloji istasyonlar1 verileri
kullanilarak elde edilen giivenilir yagis degerleri incelenmistir. Bu ¢aligmada kurak, normal ve yagish
olma olasiliklar1 belirlenmis, bitki su tiiketimleri bu kosullarda hesaplanmis ve hesaplanan degerler
dikkate alinarak optimum bitki desenleri olusturulmustur. Bu sayede fakli hava kosularindaki bitki
desenlerinin sulama suyu ihtiyaglari belirlenmistir. Bu ¢alismalar, iklim degisikliginin karmagsik
dogasim1 ve farkli cografi alanlarda kuraklik gibi farkli etkilere yol acabilecegini gozler Oniine
sermektedir.

Bu ¢aligmada, Canakkale ili meteoroloji istasyonun 1970-2022 yillar1 arasi aylik toplam yagis
verileri R Programinda hydroTSM modiilii kullanilarak yagis analizi ve Standart Yagis indeksi (SPI)
yontemiyle kuraklik analizi yapilmistir. Elde edilen verilere gore Canakkale ilinin yagis potansiyeli
incelenmistir.

Materyal ve Yontem

Canakkale, Tiirkiye’nin kuzey batisinda yaklasik olarak 40°07’ Kuzey enlemi ve 26°24’ Dogu
boylami koordinatlar1 arasinda yer almaktadr. ilin toplam yiizél¢iimii 9933 km?'dir ve rakinu yaklagik
3 metre civarindadir. Rakimin diisiik olmasi, bolgenin deniz seviyesine ¢ok yakin oldugunu gosterir,
ayn1 zamanda genis kiy1 seridine sahip oldugunun gdstergesidir, bu da cografi yapiyr ve iklimi
dogrudan etkiler (Tarim ve Orman Bakanligi, Canakkale il Miidiirliigii, 2019) (Sekil 1).
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Sekil 1‘. Canakkale ili lokasyon haritasi
Figure 1. Location map of Canakkale province

Canakkale Ilinin iklimi, Akdeniz iklimi 6zelliklerini tasir; 1liman kislar ve sicak yaz aylariyla
kendini gosterir. iklimin bu &zelligi tarim faaliyetleri acisindan faydali bir ortam saglar, ancak
bolgedeki su kaynaklarmm yonetimini daha kritik bir hale getirir. (Atalay 2011) Bu nedenle,
Canakkale'nin siirdiriilebilir gelisimi i¢in su kaynaklarinin etkin yonetimi ve korunmasi, mevcut
durumun analizi olduk¢a 6nem arz etmektedir.

Bu ¢alisma, Canakkale Merkez istasyonuna ait 1970-2022 yillar1 arasinda olgiilmiis olan 42
yillik giinliik toplam yagis miktarlar1 kullanilarak yapilmistir. Arastirmada Canakkale ilinin kuraklik
analizi yapilarak SPI (Standardized Precipitation Index) (McKee, 1993) kullanilmis ve ayn1 zamanda
yagis analizleri i¢in hydroTSM (Time Series Management, Analysis and Interpolation for
Hydrological Modelling) (Zambrano-Bigiarini, 2017) modeli kullanilmistir. Bu modellerin analizleri
ve elde edilen grafikler RStudio ve R versiyon 4.0.0 kullanilarak analizi yapilmustir.

Veri Toplama ve Hazirlama

Calisma kapsaminda kullanilan veriler Meteoroloji Genel Miidiirliigii tarafindan temin edilmis
Canakkale merkez istasyonu yagis verileri kullanilmustir. Veri seti, belirli bir zaman araligimi kapsayan
giinliik yagis miktarlarin1 igermektedir. Verilerin analize hazir hale getirilmesi i¢in dncelikle RStudio
‘da gerekli veri temizleme ve diizenleme islemleri yapilmistir. Eksik verilerin kontrolii ve istatistiksel
anormalliklerin diizeltilmesi bu asamanin temel unsurlaridir.

Yagis Analizi (HydroTSM Modiilii Kullanimi)

Canakkale merkez meteoroloji istasyonuna ait yagis verilerinin analizleri i¢in Zambrano-
Bigiarini (2017) tarafindan R programlama dili igerisinde gelistirilen HydroTSM (Hydrological Time
Series Management) model paketi kullanilmistir. Bu model zaman serisi verilerini islemek ve analiz
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etmek {lizere tasarlanmigtir. HydroTSM ozellikle biiylik hidrolojik veri setlerini islemek igin
olusturulmustur. Model, hidrolojik verilerin gorsellestirilmesi i¢in bir dizi fonksiyon icermektedir. Bu
fonksiyonlar sayesinde tiim veriler grafikler ve haritalar {izerinde kolaylikla gosterilebilmektedir.
Ayrica hidrolojik verilerin {izerinde zaman serisi analizlerini kolaylikla yapma imkani sunar.

Kurakhk Analizi

Yagis, suyun varligini etkileyen en temel faktordiir. Bu yiizden, yagis verilerini kullanmak
herhangi bir bolgede ve belirli zaman araliginda kuraklik durumunu takip etmeyi miimkiin kilar (Ding
ve ark., 2016). Bu ¢alismada, kuraklik analizi igin Standart Yagis Indeksi (SPI) tercih edilmistir. SPI,
uzun siireli yagis trendlerinin standartlagtirilmasina dayanir ve kuraklik sartlarini belirlemek i¢in en
yaygin kullanilan kuraklik analizi yontemidir. SPI kuraklik indeksi, bir i istasyonunda segilmis bir
zaman araliginda yagis miktarinin (Xi) ortalama yagis miktarindan (X i) olan farkinin standart
sapmaya (o) boliinmesiyle elde edilir (Esitlik1).

Xxi—xi

(o3

SPI =

1)

SPI’nin negatif oldugu donemler kurak donem olarak degerlendirilmekte, buna karsin pozitif
oldugu donemler ise yagisli donem olarak degerlendirilmektedir. SPI indis degerleri ¢izelge 1.’de
verilmistir (McKee 1993).

Cizelge 1. SPI Kuraklik Smiflar1 (Mckee,1993)
Table 1. SPI Drought Classes (Mckee,1993)

SPI degerleri Siniflandirma

>2 Cok siddetli yagis

1.50 ~1.99 Cok yagis

1.00~1.49 Orta siddetli yagis
099~0 Normal

0~-0.99 Normale yakin kuraklik
-1.00 ~-1.49 Orta siddetli kuraklik
-1.50 ~ -1.99 Siddetli kuraklik

<-2 Cok siddetli kuraklik

Calismadaki, SPI kuraklik indeksi degerleri R programi araciligiyla hesaplanmustir.
Hesaplama uzun vadeli yagis kayitlarini kullanarak yapilmis ve boylece kuraklik durumlarini gésteren
sonuglar elde edilerek zaman i¢indeki degisim analiz edilmistir.

Bulgular ve Tartisma

Yagis Analizi (HydroTSM Modiilii Kullanimi)

Canakkale merkez meteoroloji istasyonu verilerini kullanilarak yagis analizi yapilmistir. 1970-
2022 yillarma ait yagis veri gilinlik olarak R programi ortamimda HydroTSM Modiilii kullanilarak
yagis analizleri yapilmistir. Sekil 2.’te Canakkale merkez meteoroloji istasyonuna ait giinliik yagis
zaman serisi olusturulmustur. Sekil 2 incelendiginde yagis desenlerinde aylik ve mevsimsel bir
dalgalanma goriinmektedir. Yagislarin belirli bir yil ve yillar icindeki degisimi su kaynaklarinin
yonetimini zorlastirarak tarimsal bitki desenini degistirebilir. Incelenen yillar igerisinde dzellikle bazi
yillarda asir1 yagislar gézlemlenmistir ve bu tarz yagislar sel gibi dogal afetlere ve olusabilecek iklim
degisikligi senaryolarina dair potansiyel ipuglar1 verebilir.
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Sekil 2. Canakkale merkez meteoroloji istasyonuna ait giinliik yagis zaman serisi
Figure 2. Daily precipitation time series for the Canakkale central meteorological station

Canakkale merkez meteoroloji istasyonun 1970-2022 yillarina ait yagislarin giinliik zaman
serisi Sekil 3.’te verilmistir. Sekil 3 incelendiginde yagislarin diizensiz bir dagilimi oldugu ¢ok
belirgin bir gekilde goriilmektedir. Bu durumda barajlar, goletler ve su depolama tesisleri i¢in dengeli
bir su arzi saglamanin zor oldugu yorumu yapilabilmektedir. Bu durum 6zellikle tarimsal faaliyetler
acisindan tarimsal sulama planlamasinda belirsizlige ve karisikliga neden olur. Yagislarin yillik zaman
serisi incelendiginde yillik toplam yagis miktarlarinin zaman i¢inde dalgalanma gosterdigi, ancak
genel olarak belirgin bir azalma veya artis trendinin olmadig1 goriilityor. Bu dalgalanmalar yillar
boyunca farkli tarimsal kuraklik risk seviyelerine isaret edebilir. Siirekli bir azalig trendi yoksa da
ozellikle 2008, 2009, 2019, 2020 yillarina baktigimizda yagislarda 6nemli bir diisiis meydana geldigi
goriilmektedir. Bu yillarda yillik toplam yagis 2008 ve 2009 da 400 mm altina distiigii, 2019 ve 2020
yillarinda ise 500 mm altina diistiigli gérilmektedir.
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Sekil 3. Canakkale merkez meteoroloji istasyonuna ait aylik (a) ve yillik yagis (b) zaman serisi

Figure 3. Monthly (a) and annual (b) precipitation time series for the Canakkale central meteorological
station

Canakkale merkez meteoroloji istasyonun 1970-2022 yillara ait yagislar aylik ve yillik
olarak bir histogram olusturularak incelenmistir. Bu histogramlar, belirli bir yagis miktarinin ne
siklikta oldugunu gostermektedir. Bu histogramlarda y ekseni, yagis miktarinin gbzlem sayisinin
toplam gozlem sayisina boliinmesiyle hesaplanan olasilik yogunlugunu temsil etmektedir (Sekil 4.).
Aylik histogramdaki yagis miktarlarinin ¢ogunlukla diisiik oldugu gortilmektedir. Bu sekilde, en sik
goriilen yagis miktarlar1 0-50 mm araligindadir. Bu bulgu, belirli aylarda yiiksek yagis beklenmese de
mevcut su kaynaklarinin yonetilmesinde ve 6zellikle tarimsal sulama gibi suya bagimli faaliyetlerde
dikkatli bir planlama yapilmasi gerektigini gosterir. Su kaynaklarmin yonetimi agisindan, diisiik
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yagishh aylarda su stoklarmin korunmasi, su tasarrufu Onlemlerinin alinmasi ve alternatif su
kaynaklarina yatinnm yapilmasi 6nem kazanir. Aylik yagislarin diisiik oldugu donemlerde, su
kisitlamas1 yasanabileceginden, suyun verimli kullanimi tesvik edilmeli ve halka su tasarrufu
konusunda bilin¢lendirme ¢aligmalar1 yapilmalidir. Yillik histogram ise, yagis miktarlarinin genellikle
500-700 mm araliginda oldugunu gosteriyor. Bu dagilim, bir yil i¢cinde ortalama yagis miktarinin bu
aralikta oldugunu ve daha yiiksek yagis alinan yillarin daha seyrek oldugunu gosterir. Her iki
histogram da su kaynaklarinin yonetimi ve kuraklikla miicadele stratejilerinin, yagis miktarlarinin
dogal degiskenligini gbz oniinde bulundurarak gelistirilmesi gerektigini agikca gostermektedir. Ayrica,
bu verilerin iklim degisikligi senaryolar1 altinda gelecekteki yagis modellerinin tahmin edilmesinde
kullanilmasi, daha saglam ve dayanikli su yonetimi planlar1 olusturulmasina yardimei olabilir.
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Sekild. 1970-2022 yillar1 Canakkale merkez meteoroloji istasyonuna ait aylik ve yillik histogram
Figure 4. Monthly and annual histograms for the Canakkale central meteorological station from 1970 to
2022

Canakkale merkez meteoroloji istasyonun 1970-2022 yillarina ait yagislart gosteren kutu
grafikler Sekil 5.’da goriinmektedir. Bu kutu grafigi ve aylik yagis miktarlarinin istatistiksel dagilimini
gostermekte ve veri setinin merkezi egilimini, yayillimin1 ve c¢eyrek degerlerini (yani, veri setinin
medyanini ve alt/list ¢ceyreklerini) 6zetleyen bes say1 o6zetiyle ¢arpiklik/aykirilik degerleri gostermek
icin kullanilir.

Bu c¢izgilerin disinda kalan noktalar ekstrem degerlerdir ve bunlar genellikle olagandis
durumlar veya 6l¢lim hatalar1 olarak kabul edilir. Bu tiir grafikler, iklim bilimciler, meteorologlar ve
cevre mithendisleri gibi uzmanlar tarafindan hava durumu ve iklim modellerini analiz etmek icin sik
kullanilir ve ayni zamanda, tarim, su kaynaklar1 yonetimi ve afet planlamasi gibi bilim dallarina
onemli bilgiler saglar.

Tarimsal sulama genellikle ilkbahar ve yaz aylarinda yogunlagir, bu nedenle 6zellikle Mart,
Nisan, Mayis, Haziran, Temmuz ve Agustos aylarindaki yagis miktarlarn iilke i¢in kritik dneme
sahiptir. Bu grafiklere gore;

Mart ve Nisan (Ilkbahar Baslangict): Yagis miktarlarinin nispeten daha yiiksek oldugunu
gostermektedir. Bu durum fide ekimi ve biiylimenin basladigr donemlere denk gelmekte ve tarimsal
alanlarin dogal yagislardan yararlanabilecegi anlamina gelir. Ancak, kutu grafiklerin {ist kisimlarinda
yer alan ekstrem degerler o yillarda beklenenden daha fazla yagis alindigin1 géstermektedir. Mart ay1
icin veri setinde Ui¢ ekstrem yagis degeri gozlemlenmis ve bunlar 1998 yilinda 177 mm, 1999 yilinda
165mm, 2007 yilinda 152 mm seklindedir. Bu durum, toprak erozyonu veya sel riskini arttirabilir.

Mayis ve Haziran (Ilkbahar Sonu ve Yaz Baslangici): Bu aylarda sadece bir ekstrem deger
mayis i¢in 165 mm yagis seklindedir ve yagis miktarlar1 6nceki aylara gore azalmakta ve bu nedenle
sulama suyu ihtiyacinin arttig1 gézlemlenmektedir.

Temmuz ve Agustos (Yazin En Sicak Aylar1): Bu aylarda ise yagisin daha da azaldig:
goriilmektedir. Yagisin az oldugu bu aylarda temmuz ay1 i¢in dort ekstrem deger mevcuttur. Bu
degerler 1972 yilinda 66 mm, 1976 yilinda 56 mm, 1981 yilinda 54 mm, 1991 yilinda 54 mm ve 2022
yilinda 45mm seklinde tespit edilmistir. Ayn1 durum agustos ay1 i¢in de gegerlidir ve 5 ekstrem degeri
mevcuttur. Bu degerler 1975 yilinda 65.4 mm, 1980 yilinda 76mm, 2010 yilinda 61.5 mm ve 2021
yilinda 56 mm’dir. Bitkilerin yaz aylarinda sulama suyuna ihtiyaci daha fazla oldugundan, bu
donemde sulama sistemlerine daha fazla bagimlilik s6z konusudur ve su kaynaklarina olan talep artar.
Bu durum, su kaynaklarinin siirdiiriilebilir yonetimi i¢in planlama ve stratejik kullanimini daha énemli
hale getirir.
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Sekil 5. 1970-2022 yillar1 Canakkale merkez meteoroloji istasyonuna ait aylik kutu grafikler
Figure 5. Monthly box plots for the Canakkale central meteorological station from 1970 to 2022

Canakkale merkez meteoroloji istasyonun 1970-2022 yillarina ait yagislar gosteren renkli 1s1
haritasinda zaman i¢indeki aylik yagis miktarlarindaki degisimini Sekil 6 gostermektedir. Haritada
yatay eksende yillar, dikey eksende ise aylar yer almaktadir. Renkler, yagis miktarini temsil
etmektedir; mavi en yiiksek yagisi (350 mm/Ay’a kadar), sar1 ve turuncu daha diisiik yagislari, kirmizi
ise en diisiik yagis1 (0 mm/ay) ifade etmektedir. Ozellikle 1980'lerin sonu ve 1990'larin bas1 gibi
donemlerde kirmizi ve turuncu tonlarin hakim oldugu goriilmektedir ve bu yillarin daha az yagis aldig
sonucuna varilmaktadir. Buna karsin 2000'lerin basinda ve 2010'larin ortasinda mavi tonlarin daha
baskin oldugu goriilmektedir ve bu durum o yillarda yagis miktarinin arttigina isaret eder.

Aylik degisimlere bakildiginda, kis aylarmin (Aralik, Ocak, Subat) genel olarak diger aylara
kiyasla daha fazla yagis aldig1 goriilmektedir. Ocak ve subat aylarinda mavi tonlar daha baskinken,
yaz aylarinda (Haziran, Temmuz, Agustos) 0-50 mm arasi degisen sari ve turuncu tonlar agirlik
kazanmistir ve bu bulgulara gore yaz aylarinin daha kurak gectigi sonucu ortaya ¢ikmistir.

Sekil6. 1970-2022 yillar1 Canakkale merkez meteoroloji istasyonuna ait aylik 1s1 haritasi
Figure 6. Monthly heat map for the Canakkale central meteorological station from 1970 to 2022

Canakkale merkez meteoroloji istasyonun 1970-2022 yillarina ait mevsimlere gore zaman
icindeki yagis degiskenligini gésteren zaman serisi ve kutu grafikleri Sekil 7°de goriilmektedir. Kisa
vadede tarimsal Uriinlerin su ihtiyacini karsilama ve uzun vadede su kaynaklari planlamasinin
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yapilmasi konusunda bu veriler olduk¢a Onemlidir. Grafikler, 1970'ten 2022'ye kadar kigs (AOS),
ilkbahar (MNM), yaz (HTA) ve sonbahar (EEK) mevsimlerine ait yagis miktarlarinin degiskenligini
yillik ve mevsimsel olarak gostermektedir.

Kis Mevsimi (AOS): Kis aylar1 boyunca yagis miktarlarinin zaman iginde nispeten benzer bir
yagis egilimine sahip oldugu goriilmektedir. Bu durum, kisin sulama ihtiyacinin daha az oldugu ve
yagisin su kaynaklari i¢in yenileme donemi oldugunu gosteriyor. Kis yagislari, yeralti su seviyelerinin
korunmasi ve ilkbahar ekim donemi i¢in toprak nemi seviyesinin arttirilmas: agisindan kritik 6neme
sahiptir.

[lkbahar Mevsimi (MNM): Ilkbahar yagislarinda da benzer sekilde, zaman iginde biiyiik
dalgalanmalar olmadan, nispeten diizenli bir dagilim gozlenmektedir. Ilkbahar yagislari, dzellikle
yagisa bagiml tarim alanlarinda kritik 6neme sahiptir ¢iinkii bitkilerin biiyiime mevsimi baslangicinda
su ihtiyaclart artmaktadir.

Yaz Mevsimi (HTA): Yaz aylarinda yagis miktarlarinin genel olarak diisiik oldugu ve biiyiik
dalgalanmalarin olmadig1 goriilmektedir. Bu donemde yagisin az olmasi, sulama ihtiyacinin artmasi
nedeniyle su kaynaklarinin yonetilmesinde dikkatli olunmasi1 gerektiginin bir gostergesidir. Kurak
donemlerde su kaynaklarinin verimli kullanimi ve su stresinin yonetimi, verimli bir tarim i¢in hayati
oneme sahiptir. 2017 ve 2022 yilinda mevsimsel yagis seviyesi 50 mm civarindadir ve kritik bir
seviyededir.

Sonbahar Mevsimi (EEK): Sonbahar aylarinda, ozellikle ge¢mis yillara kiyasla, yagis
miktarlarinda biraz daha fazla dalgalanma oldugu ancak genel bir artig ya da azalig trendinin belirgin
olmadig1 goriiliiyor. Sonbahar yagislari, kis dncesi toprak nemi seviyelerini yeniden doldurmak ve
kislik ekinler i¢in 6nemlidir.

Her mevsim i¢in kutu grafikleri, mevsimlik yagislarin medyanini, ¢eyreklerini ve aykir
degerlerini gosterir. Bu grafikler, su kaynaklar1 yonetimi ve tarim planlamasinda, 6zellikle de sulama
ve kuraklik risk yonetimi stratejileri olusturulurken, karar vericilere degerli bilgiler saglamaktadir. Kig
aylart icin yagis miktar1 200-300mm arasi degisitken yaz aylar1 0-50 mm aras1 degisiklik
gostermektedir.

Uzun vadeli tarimsal planlama agisindan bu veriler, belirli {irlinlerin ekim doénemlerini ve
cesitlerini optimize etmek, sulama sistemlerini ve su tahsisatini planlamak ve kuraklik yonetim
stratejilerini gelistirmek i¢in kullanilabilinir. Ayrica, bu tiir analizler, tarim sigortasi ve hiikiimet
destek programlari gibi finansal risk yonetimi araglarinin tasariminda da dnemli bir rol oynamaktadir.
Ozellikle iklim degisikliginin etkilerinin giderek daha belirgin hale geldigi bir donemde, bu tiir zaman
serisi analizleri, siirdiiriilebilir tarim ve su kaynaklar1 yonetimi i¢in hayati 6neme sahiptir.
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Sekil7. 1970-2022 yillarina ait yillik ve mevsimsel yagis miktarlarinin degiskenligi
Figure 7. Variability of annual and seasonal precipitation amounts for the years 1970 to 2022

Kuraklik Analizi (SPI indeksi (Standardized Precipitation Index))

Kuraklik analizi i¢in, yagis analizinde oldugu gibi Canakkale merkez meteoroloji istasyonuna
ait 1970-2022 yillik yagis verileri kullanilmistir. R programinda hazirlanmig bir yazilim kullanilarak
SPI degerleri hesaplanmustir. 3, 6, 12, 24, 36 aylik zaman araliklariyla hesaplanmig SPI degerleri Sekil
8. da verilmistir. Sekil 8. incelendiginde 1 aylik zaman dilimdeki SPI degerleri Mevsimsel yagis
degisimlerini ve kisa vadeli kuraklik olaylarina isaret eder. Bu durum tarimsal faaliyetler igin
onemlidir, ¢linkii ekim ve hasat zamanlamas1 kisa vadeli yagis degisimlerine baglidir. 3 Aylik SPI
degeri ise mevsimsel degisimleri ve bir mevsim igindeki kuraklik durumunu yansitir. Ozellikle
tarimsal triinlerin biiylime donemlerinde Onemlidir. 6-12 Aylik SPI degerleri daha uzun siireli
kuraklik egilimlerini yansitir. Yagis degisimlerini ve genel su kaynaklar1 yonetiminde bilgi verici
nitelikte kullanilabilinir.

24-36 Aylik SPI degerleri ise ¢cok daha uzun vadeli kuraklik egilimlerini ve potansiyel iklim
degisikliklerine isaret edebilir. Siirdiiriilebilir su kaynaklar1 planlamasi ve biiyiik 6l¢ekli tarimsal su
yonetimi planlamasi i¢in kritik 6neme sahiptir.

Sekil 8. incelendiginde 1970 ve 2022 yillar1 arasinda 6nemli kuraklik dénemleri olarak kabul
edilen yillar sunlardir:

. 1970, 1972, 1973, 1974, 1977, 1979
. 1983, 1984, 1985, 1986, 1987, 1989
. 1990, 1991, 1992, 1993, 1994, 1995, 1997, 1999

. 2000, 2001, 2003, 2004, 2005, 2006, 2007, 2008, 2009
. 2014, 2016, 2020
Bu yillar, en az bir aylik SPI degerinin-1.5 Z indeks degeri altina diisttigii yillardir, bu da ciddi
kuraklik kosullarimin var oldugunu gostertmektedir.
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Sekil 8. 1970-2022 yillar1 arasindaki 1, 3, 6, 12, 24, 36 aylik zaman dilimine ait SPI (Standardized
Precipitation Index) kuraklik analizi sonuglari

Figure 8. Results of SPI (Standardized Precipitation Index) drought analysis for 1, 3, 6, 12, 24, 36-
month periods between 1970 and 2022

Sonuc ve Oneriler

Canakkale iline ait 1970-2022 yillar1 arasindaki yagis verileri kullanilarak R programinda
zaman serileri yardimiyla yagis analizi ve standart yagis indisi yontemiyle 1, 3, 6, 12, 24 ve 36 aylik
zaman dilimlerinde kurak analizi yapilmistir. Elde edilen sonuglar degerlendirilmek iizere;

Canakkale ilinin Yagis Degisimleri ve Su Kaynaklar1 Yonetimi

Canakkale iline ait 1970-2022 yillar arasindaki yagis verileri incelendiginde bolgedeki yagis
desenlerinde mevsimsel ve yillik dalgalanmalarin belirgin oldugu goriilmiis ve son yillarda
gozlemlenen yagis miktarlarinda belirgin azalmalar tespit edilmistir. Bu yillar 2008 yilindan itibaren
donemsel olarak 2015, 2020 ve 2022 seklindedir. Bu baglamda boélgede su kaynaklarinin yonetiminin
Onemini artirmaktadir. Ayrica, temmuz ve agustos aylarmin toplami olarak 0-100 mm arasinda
degisen 9 ekstrem yagis meydana mevsim normallerinin diginda gelmistir. Bunun sonucu olarak
meydana gelebilecek sel gibi dogal afetler, bolge icin ekolojik ve ekonomik riskleri beraberinde
getirebilme olasilig1 s6z konusudur.
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Tarimsal Bitki Desenlerinin Degisimi

Canakkale ilinin yagis rejimindeki dalgalanmalar tarimsal bitki desenlerini de etkilemektedir.
Tarimsal tiretim agisindan degerlendirilirse ekim rotasyonlari, su tasarrufu saglayan sulama teknikleri
ve kurakliga dayanikli bitki cesitlerinin kullanimini zorunlu kilar. Ilkbahar ve yaz aylarinda yagis
miktarlarinin azalmasi, sulama ihtiyacinin artmasina ve dolayisiyla su kaynaklarina olan ihtiyacin
siddetli bir bicimde artmasina yol a¢maktadir. Bu durum, tarimsal {iriinlerin ¢esitliligi ve ekim
zamanlamalarmin yeniden degerlendirilmesini gerektirmektedir. Ozellikle kuru ve sicak gegen yaz
aylarinda, su kaynaklarmin etkin ve verimli kullanimi hayati 6énem tagimaktadir. Bu durumda su
kaynaklarin etkin kullanilmasi acisindan 6zellikle kurak gecen donemlerde bdlgesel olarak optimum
bitki deseni olusturulmasi ekonomik olarak biiyilk 6nem arz etmektedir. Uzun vadeli tarimsal
planlama, sulama sistemlerinin gelistirilmesi ve kuraklik yonetim stratejileri gibi eylem planlar1 bu tiir
analizlerle desteklenmelidir. Ozellikle su tasarrufu énlemleri, alternatif su kaynaklarmin gelistirilmesi
ve tarimsal isletme sahiplerinin su kullanimi konusunda bilinglendirilmesi, bu siiregte onemli rol
oynayacaktir.

Sonug olarak bu tiir analizler, tarim sigortas1 ve hiikiimet destek programlar1 gibi finansal risk
yonetimi araclarinin tasariminda da &nemli bir rol oynamaktadir. Ozellikle iklim degisikligi
senaryolarinin giderek daha belirgin hale geldigi bir dénemde, bu tiir zaman serisi analizleri
stirdiiriilebilir tarim ve su kaynaklar1 yonetimi i¢in hayati 6neme sahiptir.

Arastirmacilarin Katki Beyani1 Oram

Yazarlar makaleye esit oranda katki saglamis olduklarini beyan eder.

Cikar Catismasi Beyam

Makale yazarlari aralarinda herhangi bir ¢ikar ¢atigsmasi olmadigini beyan ederler
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Abstract

In this study, it was aimed to determine the effects of irrigation water containing different salt levels on
the morphological characteristics of zinnia (Zinnia elegans). For this purpose, five different salt levels (control
(tap water), 2 dS m?, 4 dS m?, 6 dS m* and 8 dS m'*) were established. As morphological characteristics, plant
height, plant diameter, number of flowers, flower diameter, flower stem length, flower stem diameter, petal
number, petal length, petal width, leaf thickness, leaf length and leaf width were measured. Irrigation was carried
out at 7-day intervals. Soil moisture was monitored with pot weights. The research was carried out in Canakkale
Onsekiz Mart University, Faculty of Agriculture, Crop Stress Monitoring and Thermography Laboratory
(COSMOTLAB) in 2020.

As a result of the study, while the number of flowers, flower diameter, number of petals, leaf thickness,
leaf length and leaf width values of morphological features were found to be statistically different according to
salt levels; plant height, plant diameter, peduncle length, peduncle diameter, petal length and petal width were
found to be insignificant. When evaluated in terms of visual appearance, it can be said that there are significant
differences between the treaments depending on the level of salt stress. According to the results of the research,
it was revealed that the salt tolerance of the zinnia flower was partially low.

Keywords: Zinnia, salt stress, ornamental plant, morphological features

Zinya Ciceginin Tuz Toleransinin Belirlenmesi
Oz

Bu caligmada, farkli tuz diizeyleri iceren sulama sularinin zinya ¢igeginin (Zinnia elegans) morfolojik
Ozelliklerine etkilerinin belirlenmesi amaglanmigtir. Bu amagla beg farkli tuz diizeyi (kontrol (sebeke suyu), 2 dS
m?, 4 dS m?, 6 dS m!ve 8 dS m?) olusturulmustur. Morfolojik 6zellikler olarak bitki boyu, bitki ¢ap1, ¢igek
sayisi, ¢igek c¢api, ¢icek sap uzunlugu, ¢igek sap capi, petal sayisi, petal uzunlugu, petal eni, yaprak kalinligi,
yaprak uzunlugu ve yaprak eni Ol¢iilmiistiir. Sulamalar 7 giin araliklarla yapilmis ve toprak nemi saksi
agirliklariyla izlenmistir. Arastirma, 2020 yilinda Canakkale Onsekiz Mart Universitesi, Ziraat Fakiiltesi, Bitki
Stresi Izleme ve Termografi Laboratuvarinda (BISITLAB) yiiriitiilmiistiir.

Calisma sonucunda, morfolojik 6zelliklerden cicek sayisi, ¢igek capi, petal sayisi, yaprak kalinligi,
yaprak uzunlugu ve yaprak eni degerleri tuz diizeylerine gore istatistiksel olarak farkli bulunurken; bitki boyu,
bitki ¢ap1, ¢igek sap uzunlugu, cicek sap ¢api, petal uzunlugu ve petal eni iSe 6nemsiz bulunmugtur. Gorsel
goriiniim agisindan degerlendirildiginde ise tuz stresi diizeyine bagl olarak konular arasinda farklarin belirgin
bicimde ortaya ¢iktigi sdylenebilir. Arastirma sonucuna goére zinya gigeginin tuz toleransinin kismen diisiik
oldugu ortaya ¢ikmustir.

Anahtar Kelimeler: Zinya, tuz stresi, siis bitkisi, morfolojik 6zellikler
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Introduction

In the past, water quality problems have generally been neglected because of the sufficient
availability of quality water resources and the fact that they were obtained without difficulty.
However, as a result of global warming and the increasing world population, the demand for water has
increased the pressure on existing resources and the water supply has been insufficient to meet this
demand. As a result of the intensive use of almost all quality water resources, irrigation with low
quality irrigation water has become mandatory (Malakar et al., 2019).

Irrigation water contains more or less dissolved solids, namely salts, depending on the source
it comes from. Salinity is one of the most important stress factors threatening crop production today
(Akeal and Kaynasg, 2021). The use of irrigation water for many years without taking precautions
causes the salinity to increase in the root zone of the plant, causing toxic effects on the grown plants
and adversely affecting the physical properties of the soil (Richards, 1954; Rhoades et al., 1973; Maas
and Hoffman, 1977; Karakog¢ and Kale, 2016). Along with the increase in the salt concentration in the
soil, deterioration in the soil structure creates problems in the water uptake in the root zone of the
plants and accordingly the plant growth slows down (Kanber and Unlii, 2010; Akgaman et al., 2017).
Salt stress limits crop productivity by affecting the growth of plants, especially in arid and semi-arid
climates. 10 million hectares of land are lost every year in the world due to salinity (Akgiil, 2003;
Ozkorkmaz and Yilmaz, 2017). Salt tolerance of plants varies. Salt sensitive plants make an
uncontrolled ion uptake in salty environments. Since these plants do not have parts to store the high
amount of salt taken, they cause damage to the plant (Deliboran and Savran, 2015).

In recent years, plant species with high resistance to drought and salinity are preferred in
landscaping where outdoor ornamental plants are used (Akgal and Kaynasg, 2021). Zinnia is an annual
species naturally found in Central America and Mexico, belonging to the Asteraceae family. There are
some varieties as well as layered and small flowers in different colors. It is easy to cultivate, requires
effortless cultural care and is disease resistant; For these reasons, it is widely used in landscaping
(Dole, 1999; Demirel et al., 2021).

Although there are many international studies on zinnia, studies on the effects of different salt
applications on the morphological characteristics of zinnia have been limited as only a few features
have been examined. In this study, the effects of different salt levels on morphological features were
investigated in order to determine the salt tolerance of zinnia.

Material and Method

Study Area

The study, Canakkale Onsekiz Mart University, Faculty of Agriculture, Crop Stress
Monitoring and Thermography Laboratory (COSMOTLAB) in 2020, zinnia (Zinnia elegans) was used
as plant material (Figure 1).

Figure 1. Zinnia elegans
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The research was carried out under control conditions (25 °C+2 temperature, 40+3% humidity
and 16/8 photoperiod). Planting was carried out with 1 zinnia flower in each pot with a 1:1 mixture of
peat and perlite. In the study, a control treament and a total of five irrigation treaments with four
different salt levels were formed (Table 1).

Before setting up the experiment, the pot capacity (field capacity) and the usable water holding
capacity (UWHC) of each pot were determined (Camoglu, 2013; Demirel et al., 2020). In the first
irrigation together with planting, all treaments were carried out equally with the tap water to be
completed to the pot capacity. Afterwards, all treaments were irrigated with reference to the control
treament, at 7 days intervals, in such a way that the reduced moisture in the pot was completed to
100% of the usable water holding capacity. With the second irrigation, the implementation of the
treaments started. All treatments consisted of 4 replicates and a total of 20 pots were used, 1 plantin 1
pot in each replicate. Irrigation of the control treament was made from tap water and its electrical
conductivity (EC) was measured 0.7 dS m™™,

Table 1. Salt levels treaments

Treaments Salt Levels
S-0 Control (tap water)
S-2 2dSm?

S-4 4dSm?
S-6 6 dSm*
S-8 8dSm?

Morphological Measurements

Throughout the experiment, measurements were made at seven-day intervals and before
irrigations. The measurements started on the day of planting and continued until the 42nd day after
planting (DAP.2). Within the scope of the study, morphological measurements were made 7 times in
total. These measurements were evaluated in 4 main sections (plant, flower, petal, leaf).

Plant properties;

Plant height (cm): It was measured with the help of a ruler from the growing medium to the
top of the plants.

Plant diameter (cm): It was measured as the distance between the extreme points of the plants
when viewed from the top.

Flower properties;

Number of flowers (pieces plant?): It was obtained by counting the open flowers on the plant
after the dried flowers were removed.

Flower stem length (cm): It was measured as the distance of the flower stalk from the soil
level to the flower tray.

Flower stem diameter (mm): It was measured from the thickest part of the flower stalk with
the help of callipers.

Flower diameter (mm): It was measured from the outermost part of the opened flowers with
callipers.

Petal properties;

Petal number (pieces/plant): It was obtained by counting the petals of the opened flowers.

Petal length (mm): Petal length of opened flowers was measured with callipers.

Petal width (mm): Petal leaf width of opened flowers was measured with callipers.

Leaf properties;

Leaf length (cm): The leaves of the plant were measured with the help of a ruler from the
outlet to the tip.

Leaf width (mm): It was measured with callipers from the widest part of the leaf width.

Leaf thickness (mm): It was measured with callipers from the place where the leaf thickness
was the greatest.

Statistical Analysis

One-way analysis of variance (One-Way ANOVA) was used to determine whether the
difference between the data obtained as a result of the treatments in the experiment was significant
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(p=0.05). If the difference was significant, Duncan test was performed to determine the difference
between the treatments. All statistical evaluations were made with the help of SPSS 20.0 package
program.

Results and Discussion

Morphological measurements

The results obtained within each main group are discussed below under separate headings.

Plant Properties

When plant height was analysed, the highest plant height was observed in S-8 and the lowest
plant height was observed in S-0 in DAP42 (Figure 2a). After DAP35, plant height decreased in all
treatments except S-0 and S-2 treatments until the end of the experiment. Markovic et al. (2022)
reported a decrease in plant height against increasing salt levels in zinnias at four different salt levels
(control, 3 dS m?, 4.5 dS m?, 6 dS m?). Niu et al. (2012) reported that plant height decreased with
increasing salt level in Zinnia (Zinnia marylandica) flower at 5 different salt levels (control, 3 dS m?,
4.2 dS m?, 6 dS m? and 8 dS m). Bizhani et al. (2013) applied seven different salt levels (0 dS m™,
25dSm?t 5dS m?, 7dS m? 7.5dS m?, 10 dS m?t and 15 dS m?) on zinnias. As a result, these
researchers also reported an inverse relationship between increasing salt level and plant height. These
findings are different from the results of our study. It can be said that the difference between the
above-mentioned studies and this study is due to the difference in growing medium and zinnia flower
varieties.

Plant diameter values were highest in S-0 and lowest in S-8 (Figure 2b). All treaments
showed close values until DAP2s. However, after DAP.,, the effect of salt level on plant diameter
became quite significant.
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Figure 2. Plant height(a), plant diameter(b)

The results of statistical analysis of the averages of the measurements of plant traits within the
scope of the study are given in Table 2. When plant height and plant diameter were analysed according
to salt levels, the differences between all treatments were found statistically insignificant.
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Table 2. Plant height, plant diameter in irrigation treaments with salt levels

Treaments Plant Height (cm) Plant Diameter (cm)
S-0 25.24+0.4NS 20.3+0.3NS
S-2 23.5+0.8NS 20.8+0.5NS
S-4 24.8+1.1INS 21.4+0.1NS
S-6 23.6+1.1INS 20.1+0.5NS
S-8 23.4+1.1NS 20.7+0.5NS

Flower Properties

When flower number values were analyzed, the values of all treatments were similar until
DAP14 (Figure 3a). The highest values were measured in S-0 and S-2. The other treatments differed
from each other in terms of flower number and had lower values. Markovic et al. (2022) also reported
a linear decrease in the number of flowers in response to increasing salt levels in zinnias at four
different salt levels (control, 3 dS m?, 4.5 dS m?, 6 dS m™). The results obtained in this study are
similar to those of the aforementioned study.

When flower diameter values were analyzed, all treaments showed a decreasing trend in
DAP,; (Figure 3b). However, a greater decrease in flower diameter value occurred in S-8 (Figure 3b).
There was a noticeable difference between the treaments due to the increase in salt level. Bizhani et al.
(2013) reported that flower diameter decreased by 75% at 10 dS m* salt level compared to 0 dS m™.
This study is similar to the aforementioned study.

When flower stem length was analysed, S-2 differed from the other treatments and had the
highest values in all measurements (Figure 3c). It can be said that flower stem length decreased as the
salt level increased. When flower stem diameter values were analysed, it was observed that all subjects
showed a similar trend (Figure 3d). The highest value was observed in S-4 and the lowest value was
observed in S-6. It can be said that salt level has no direct effect on flower stem diameter.
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Figure 3. Number of flowers(a), flower diameter(b), flower stem length(c), flower stem diameter(d)

The results of the statistical analysis of the measurements of flower characteristics are given in
Table 3. When the number of flowers was analyzed, no statistically significant difference was found
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between S-0 and S-2 treatments and S-4 and S-6 treatments. However, a statistically significant
difference was found between S-0 and S-2 treaments and S-8 treament. When flower diameter was
analyzed, S-2 and S-4 treatments had the highest values, while S-8 treatment had the lowest value.
Statistically, S-0 was similar to S-2, S-4 and S-6, but different from S-8.

Table 3. Flower number, flower diameter, flower stem length, flower stem diameter in irrigation treaments with
salt levels

Flower Number Flower Diameter Flower Stem Length Flower Stem
Treaments . .
(pieces) (mm) (mm) Diameter (mm)

S-0 2+1A 78+09AB 51.3+3.4NS 6.0+£0.2NS
S-2 2+3A 81+1A 46.4+5.8NS 6.2+0.01NS
S-4 2+2AB 82+1.3A 42.1+6.6NS 6.4£1NS
S-6 2+2AB 75+1.5BC 40.8+5.8NS 6.2+4NS
S-8 1+1 B 71+2.2C 34.4+3.9 NS 6.3£2NS

When flower stem length and flower stem diameter were analyzed, no statistical difference
was found between all treatments.

Petal Properties
When the number of petals was analysed, all treatments showed a similar trend until DAP21, after this
date, S-6 and S-8 treatments started to decrease (Figure 4a).
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Figure 4. Petal number(a), petal length(b), petal width(c)

When the petal length values were analyzed, the highest value was measured in S-2 and the
lowest in S-8 (Figure 4b). In the last measurement, while the values of all treaments increased
compared to the previous week, there was a decrease in treament S-8. It can be said that this situation
is due to the termination of vegetative activities in S-8 due to salt. When petal width was analyzed, all
treaments generally showed the same trend throughout the whole measurement period (Figure 4c). In
the second measurement, DAP~, a decrease occurred in all values in all treaments and continued close
to these values until the end of the experiment.

The results of statistical analysis of the averages of the measurements of petal properties
within the scope of the study are given in Table 2.
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Table 4. Petal number, petal length, petal width in irrigation treaments with salt levels

Treaments Petal Number (pieces) Petal Length (mm) Petal Width (mm)
S-0 100+5.4AB 22.4+0.8NS 7.5+0.3NS
S-2 95+8AB 23.9+1.3NS 7.5+0.2NS
S-4 104+4.3A 22.4+0.5NS 7+0.2NS
S-6 77+6.7C 22.9:40.5NS 740.4NS
S-8 82+7.4BC 21.4+0.5NS 6.9+0.4NS

When the petal number change was analyzed according to the treaments, it was found to be

statistically significant. petal number and petal width values were found to be statistically insignificant
among the treatments.

Leaf Properties

When leaf thickness was analyzed, a decrease was observed in DAP; at the same level in all
treaments (Figure 5a). In DAP42, all treaments showed an increasing trend, while a decrease was
observed in S-8. When leaf length was analyzed, all treaments showed a similar trend in general
(Figure 5b). While all treaments decreased in DAP42, S-2 treament remained constant. When leaf

width values were analyzed, the lowest value was found in S-8 and the highest value was found in S-0
Figure 5c).
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Figure 5. Leaf width(a), leaf length(b), leaf thickness(c)

The results of statistical analysis of leaf characteristics are given in Table 5. When leaf
thickness values were analyzed, it was determined that there were statistically significant differences
among the treaments. While there was no statistical difference between S-0 and S-4 in leaf length
values, there was no statistical difference between S-2, S-4, S-6 and S-8. When leaf width was
analyzed, S-0 was found to be statistically different from all treaments except S-2.

Yasemin and Koksal (2023) found statistically insignificant effect on leaf length and leaf
width in 2 different zinnia flowers at 5 different salt levels. However, it can be said that the difference
between the mentioned study and this study is due to the variety.
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Table 5. Leaf width, leaf length, leaf thickness in irrigation treaments with salt levels
Treaments Leaf Width (mm) Leaf Length (mm) Leaf Thickness (mm)
S-0 0.47+0.02A 79+1.8A 50.7+0.9A
S-2 0.44+0.02AB 70.7+1.4B 46.4+2.2AB
S-4 0.42+0.02AB 72.8+3.5AB 43.3+3.1B
S-6 0.40+0.02BC 71.3+1.1B 40.8+1.3B
S-8 0.360.02C 68.5+3.2B 40.7+1.2B

As a result of the experiment, the effect of different salt levels on zinnia flower is shown
respectively (Figure 6). While S-0 and S-2 treatments maintained their visual vigor, S-4, S-6 and S-8
treatments lost their visual vigor and dried up due to the increase in salt level. In the study, there was
no statistical difference between the treaments in morphological measurements (plant height, plant
diameter), but the differences were clearly seen visually (Figure 6). Yasemin and Koksal (2023) in
their study, decreases in visual appearance occurred due to the increase in salt level. It was reported
that the growth of the plants stopped and drying occurred with the effect of salt and a similar process
was observed in the present study. This study is similar to the aforementioned study.

Figure 6. Final visual status of the treaments according to salt levels

Conclusions

In the study conducted to determine the salt tolerance of zinnia flower (Zinnia elegans), it was
concluded that different salt levels affected the morphological characteristics of zinnia flower. Since
flower number, flower diameter, petal number, petal length, leaf length, leaf width and leaf thickness
traits were affected by increasing salt level, statistical differences were found among the subjects. It
can be said that these traits responded more quickly to salt stress. The S-8 treament with the highest
salt level was found to have the lowest values in all parameters except flower stem diameter. Since
visuality is at the forefront in ornamental plants, it was determined that the lowest salt level of 2 dS m-
L affected the visuality to a small extent and this effect started to be seen after DAP3s.

As a result of the study, it was determined that zinnia flower, which is frequently used in
landscaping applications, is not tolerant to salt stress and this causes a decrease or termination of
vegetative activities.
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Abstract

In maize breeding studies, it is becoming common to determine the ear and kernel characteristics by
image analysis. While current methods focus on measurements that can be obtained directly by image analysis, it
has not been adequately addressed whether different parameters such as weight and viability can be estimated
using these measurements. This study aimed to determine whether it is possible to estimate the ear weight (g),
kernel weight (g), single kernel weight (g) and viability (1/0) status of maize with the help of features (area,
perimeter, width, length) extracted from images of the ear and kernel samples. In this study, 233 ear and 1242
grain samples belonging to 13 maize genotypes were used as material. Digital images of the ear samples were
taken with a 5 MP camera and from the kernel samples with a desktop scanner. The ear weight reference data
(DV1) and the kernel weight reference data (DV2) were obtained by weighing each sample on a precision
balance. Single kernel reference data (DV3) was obtained with the measurements of single kernel weights.
Kernel samples underwent paper germination test and reference data (DV4) related to viability was created.
Regression models were developed by using the features obtained from image analysis (area, perimeter, width,
height) for each reference data set as the predictor variable. As a result of the study, it was seen that the ear
weight and kernel weight can be estimated with the help of the parameters extracted from the image analysis.
While moderate success was achieved in the determination of single seed weight, it was difficult to determine
the viability status based on the morphometric measurements of a single kernel in maize.
Keywords: Zea mays, Regression, Morphometric measurements

Goriintii Analizi Kullanmilarak Misirda Kocan Agirhgi, Tane Agirhigi ve Canhihi@in
Tahmini
Oz

Misir 1slah  galismalarinda, goriintii analizleri ile kogan ve tane Ozelliklerinin belirlenmesi
yayginlagsmaktadir. Mevcut yontemler, dogrudan goriintii analizi ile elde edilebilecek Sl¢iimlere odaklanirken,
agirlik ve canlilik gibi farkli parametrelerin bu 6lgiimler kullanilarak tahmin edilip edilemeyecegi yeterince ele
almmamugstir. Bu calismanin amaci,goriintii analizlerinden ¢ikarilan 6zellikler (alan, ¢evre, gevre, genislik,
uzunluk)  kullanilarak musirda kogan agirhigi (g), tane agirligi (g), tek tane agirhign (g) ve canlilik (1/0)
durumunun tahminlenip tahminlenemeyeceginin belirlenmesidir. Calismada 13 musir genotipine ait 233 kogan ve
1242 tane 6rnegi materyal olarak kullanilmigtir. Dijital goriintiiler kogan 6rneklerinden 5 MP kamera ile, tane
orneklerinden ise masaiistii tarayici ile alinmistir. Kogan agirligr referans verileri (DV1) ve tane agirlig: referans
verileri (DV2), her numunenin hassas terazide tartilmasiyla elde edilmistir. Tek tane agirliklarinin 6lgtimleri ile
tek tohum referans verileri (DV3) elde edilmistir. Tane Ornekleri kagit ¢imlenme testine tabi tutulmus ve
canliliga iligkin referans veriler (DV4) olusturulmustur. Her bir referans veri seti i¢in goriintii analizinden elde
edilen 6zellikler (alan, gevre, genislik, yiikseklik) tahminleyici degisken olarak kullanilarak regresyon modelleri
gelistirilmistir. Calisma sonucunda, goriintii analizinden ¢ikarilan parametreler yardimiyla kocan agirhigi ve tane
agirligi tahmin edilebildigi goriilmiistir. Tek tane agirhgmin belirlenmesinde orta diizeyde basar elde edilirken,
musirdatek taneden alinan morfometrik 6lgtimlere dayali canlilik durumunun belirlenmesinin miimkiin olmadigi
tespit edilmistir.
Anahtar Kelimeler:Zea mays, Regresyon, morfometrik 6l¢iimler
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Introduction

Maize (Zea mays) is a herbaceous and highly cross-pollinated plant from the Poaceae family.
The homeland of the maize plant is South America. This crop is an important grain that is used as a
raw material for industry, as well as for human and animal nutrition (Prasanna et al., 2012). As a
result, maize breeding studies are becoming widespread in our country. In maize breeding studies,
kernel and ear characteristics are important phenotypic traits for maize breeding (Hallauer et al.,
1988). The measurement of these traits requires time and labor. With developing technology, studies
were carried out about the use of different techniques in order to shorten the duration of these
measurements. Image analysis is considered to be a modern and alternative method among these
techniques. Traditional image analysis methods are more suitable than other methods because they are
cheap and practical (Wu et al., 2018). Image analysis has many uses in agriculture (Dogan et al.,
2018). The main areas for use of image analysis in kernel measurements are; characterization and
identification, classification and grading, physiological tests, detection of mechanical or disease
damage, determination of color and morphological features (Kiratiratanapruk and Sinthupinyo, 2011;
Kapadia et al., 2017; Yafie et al., 2020; Beyaz and Gerdan, 2021). Among these purposes, the use of
image analysis in morphometric measurements has become quite widespread.

When morphometric measurements are made by humans, they require high labor and time. In
addition, the human error rate in these measurements is quite high. In order to eliminate these negative
methods, new approaches have been developed. Among these approaches, analysis based on image
processing is used in many different fields today. These techniques are also actively used in seed
analysis. Tanabata et al. (2012) developed a software called SmartGrain for image analysis of seeds of
different plant species. With this software, measurements such as length, width and depth of the seed
can be made in a much shorter time and with less labor compared to manual measurements, but this
software cannot extract seed color information (Tanabata et al., 2012). With the plug-in called
SeedAnalyser developed on the ImageJ platform, a tool was developed that can group seeds by image
classification by extracting morphological, structural and color features from seed images (Loddo et
al., 2022). With this tool, seeds with different characteristics can be separated with high success by
using image analysis and machine learning technique. In the MATLAB environment, Zhu et al.
(2021), extracted seed area, perimeter, width, length, circularity and central point as well as color
characteristics in a short time.

This software was designed to perform measurements for direct ear or grain morphometry.
Different studies were conducted to compare the reference results for morphometric measurements
with the results obtained from image analysis (Gierz et al. 2021; Cirit et al., 2022). Again, a
remarkable number of studies have been conducted about the comparison of morphometry results
obtained from different image processing software (Makanza et al. 2018; Loddo et al., 2022). There
are limited studies about whether morphometric measurements can be made using simple parameters
(area, perimeter, width, height) obtained by image analysis.

The objective of this study was to investigate the possibility of determining ear weight, total
kernel weight per ear, single kernel weight, and kernel viability through the utilization of some
morphometric measurements obtained from image analysis.

Material and Methods

In the study, ear (n=231) and grain (n=1223) samples of 10 different local corn samples and 3
standard genotypes found in the Department of Field Crops, Faculty of Agriculture, Canakkale
Onsekiz Mart University were used. These materials were sampled from breeding trials conducted in
the Field Crops Department in 2021.

Data were collected related to dependent variables in the research of ear weight, kernel weight,
single kernel weight and viability. Three different image analyses were carried out in the study. In the
first stage, the images of cob samples for each genotype were taken with the EceG6z imaging system
at 5 MP resolution. Results for reference measurements were obtained from digital images with the
ImagelJ program (Abramoff et al., 2004).
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Figure 1. Digital and processed images of ear samples using ImageJ software

The materials used in the research were scanned at 300 dpi resolution, with 50 to 100 seeds
from each population using a desktop scanner. Population sequence and seed numbers in these images
were recorded on Excel files to be used in germination tests and image processing analysis. The seed
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Figure 2. Digital and processed images of kernel samples SmartGrain software

Samples from which seed images were taken underwent a germination test. In the germination
test, the seeds were arranged on germination papers as they were imaged. Seeds lined up on
germination papers were wetted with distilled water. For germination, the seeds were kept at 24
degrees for 7 days. At the end of this period, germinated and non-germinated seeds were counted, and
viable seeds were determined and recorded without mixing their order. In the study, data about ear
weight (DV1), kernel weight per ear (DV2), single kernel weight (DV3) and kernel viability (DV4)
were collected as dependent variables. Nine samples of kernel data were discarded because of they had
extreme values of color spaces.

The statistical analyses in the study were performed using the R statistical package program (R
Core Team, 2019). The differences in the genotypes used as material in terms of the examined
characteristics were analyzed with the analysis of variance technique. As a result of variance analysis,
the differences between genotypes were compared with the t test. The relationships between the image
processing analyses for seed characteristics were measured as a reference analysis and the results
obtained were examined with regression analyses.

Results and Discussion

The results of the regression analysis for estimation of ear weight using the image analysis
features are presented in Table 1. All of the different models created based on area, perimeter, length
and diameter data were found to be statistically significant. These models had success rate of over
80% and the ear weight can be determined by using the image analysis outputs (Table 1). However,
when only the ear area data was used as an estimator, an R? value of 82.9% was calculated, while it
was determined that the addition of other features to the model did not have a significant effect on
increasing prediction success.

Additionally, predicting ear weight can be useful for breeders and farmers who are interested
in selecting plants with higher yields, as it allows them to identify individual ears with high weights
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and use them for further breeding or production. Predicting ear weight using image analysis is a more
straightforward process, as it only requires measuring the weight of the entire ear. Ear weight is less
likely to be influenced by variations in kernel size or number and is a more direct indicator of the yield
of the crop. Previous studies generated some mathematical models that use several ear features, such
as length, width, and shape parameters, to predict ear weight with high accuracy. In our study the best
results were obtained for ear weight prediction using image analysis. However, it is noteworthy that
the results obtained in our study have partly lower success than other studies. The main reason for this
could be attributed to several issues. Firstly, morphometric features alone obtained from image
analysis may not be effective for predicting ear weight in maize because ear weight is a complex trait
influenced by a variety of factors. While morphometric features such as ear length, diameter, and
shape may be correlated with ear weight, they may not be the only or even the most important factors
influencing ear weight. In our study we predict ear weight by only morphometric features, and we do
not take into account the number of kernels on the ear. Also, we cannot consider the weight of cobs to
predict ear weight. These two factors have significant effect on the changes the ear weight in maize.
Drienovsky et al (2019) noticed that total weight of ear highly correlated with the total weight of
kernel in maize. We can not capture the number of kernel or features of cob using image analysis in
our study. Additionally, image analysis may not insufficient to determine the moisture content of ear
samples. Undoubtedly, these issues caused the relatively low estimation success in our study when
comparing the results of previous studies.

Table 1. Results of regression models for ear weight (DV1) estimation using the morphometric features of ear
samples extracted from image analysis.

Features/Stat. Model 1 Model 2 Model 3 Model 4
Area 3.020™ 4.735™ 4.738™ 4,781
Perimeter -5.058™" -5.3677 -5.362™"
Length 0.626 0.466
Width -0.660
Constant -69.269™" 26.316™ 27.500" 30.401
N 233 233 233 233
R? 0.829 0.888 0.888 0.888
Adjusted R? 0.829 0.887 0.886 0.886
Std. Err. 29.191 23.725 23.772 23.824
(df = 231) (df = 230) (df = 229) (df = 228)

F Statistic 1.121.822" 908.933™ 603.588™ 450.724™"
(df =1; 231) (df = 2; 230) (df = 3; 229) (df = 4; 228)

* p<0,05, ** p<0,01, *** p<0,001

The results of the regression analysis for estimation of the grain weight using the image
analysis parameters are presented in Table 2. All of the different models created based on area,
perimeter, length and diameter data were statistically significant. It was observed that these models
had success rate of over 70% and the ear weight can be determined by using the image analysis
outputs (Table 2). However, an R? value of 75.2% was calculated when only the cob area data was
used as an estimator, while this value reached 83.7% when the perimeter variable was included. It was
determined that the addition of other variables to the model did not have a significant effect on the
estimation success (Table 2).

The previous studies showed that total kernel weight could be estimated by different morphometric
features obtained with image analysis. Sandhya et al. (2021) developed a model to predict total kernel
weight using image analysis outputs. They used kernel number per ear and kernel length as predictor
variables in their prediction model. They found high similarity (R?> 0.9815) between estimated kernel
weight and measured values. In this study, the aim was to predict total kernel weight using ear
features. Although this method seems acceptable, the regression coefficient for the model was lower
than the value in the study by Sandhya et al (2021). In our study, one limitation of using morphometric
features for predicting total kernel weight is that these features do not take into account the number of
kernels on the ear. Two ears with the same average kernel size and shape may have different weights if
one has more kernels than the other. Total kernel weight can also be affected by some other factors
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such as moisture content of ear, which may not be fully captured with morphometric features obtained
from image analysis. Therefore, these factors could cause biased calculation of total kernel weight
using image analysis in our study.

Table 2. Results of regression models for total kernel weight (DV2) using the morphometric features of ear
samples extracted from image analysis.

Features/Stats. Model 1 Model 2 Model 3 Model 4
Area 2.583™" 4.440™ 4454 4.206™"
Perimeter -5.478™ -6.863™" -6.891™"
Length 2.807 3.735
Width 3.831
Constant -63.314™ 40.212™ 45.519™ 28.691
N 233 233 233 233
R? 0.752 0.837 0.838 0.838
Adjusted R? 0.751 0.835 0.836 0.835
Std. Err. 31.6 25.7 25.6 25.7
(df = 231) (df = 230) (df = 229) (df = 228)
F Statistic 698.9"" 588.7"" 393.9™ 294.3™
(df = 1; 231) (df = 2; 230) (df = 3; 229) (df = 4; 228)

* p<0,05, ** p<0,01, *** p<0,001

Results of the regression analysis related to the estimation of single kernel weight using image
analysis parameters are presented in Table 3. All of the different models created based on area,
perimeter, length and diameter data were found to be statistically significant. In these models, single
seed weight could be determined with over 60% success by using all the variables in the image
analysis outputs (Table 3). When kernel area data is used, the R? value was 46.7%, adding the area
variable did not significantly increase the R? value, and adding the kernel width increased the R? value
to over 60% (Table 3).

Table 3. Results of regression models single kernel weight (DV3) using the morphometric features of ear
samples extracted from image analysis.

Features/Stats. Model 1 Model 2 Model 3 Model 4
Area 0.004™ 0.005"™" 0.004™" 0.002"
Perimeter -0.006™" 0.015™ 0.012™"
Length -0.045™" -0.030™"
Width 0.017™"
Constant 0.055™" 0.146™" 0.078™" -0.033
N 1,223 1,223 1,223 1,223
R? 0.467 0.477 0.625 0.631
Adjusted R? 0.467 0.476 0.624 0.629
Std. Err. 0.059 (df =1221) 0.059 (df =1220) 0.050 (df =1219) 0.049 (df = 1218)
F Statistic 1,070.205™" (df = 556.318™ (df =2; 677.789"" (df =3; 520.008™" (df = 4;
1;1221) 1220) 1219) 1218)

* p<0,05, ** p<0,01, *** p<0,001

In maize, single kernel weight has an important effect on plant development. Revilla et al
(2011) stated that parents with heavier kernels had better early vigor and earlier flowering dates.
Therefore, it is desirable to increase single kernel weight in maize. Previous studies showed that this
trait could be detected by image analysis in maize (Makanza et al., 2018). Moderate success was
achieved for this feature in our study. Morphometric features obtained from image analysis may not be
effective for predicting single kernel weight in maize because weight is a complex trait that is
influenced by a variety of factors, including genetic, environmental, and developmental factors. While
morphometric features such as kernel size and shape may be correlated with weight, they may not be
the only or even the most important factors influencing weight. One limitation of using morphometric
features for predicting weight is that these features do not take into account the internal density or
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composition of the kernel, which can vary depending on factors such as water content, starch content,
and protein content. Two kernels with the same size and shape may have different weights if one has
higher density due to differences in composition. Furthermore, kernel weight can be influenced by the
position of the kernel on the ear, as well as by interactions between kernels on the same ear. Kernels
near the base of the ear, for example, may be larger and heavier than kernels near the tip of the ear.
Similarly, kernels on the same ear may compete for resources, which can affect their growth and
weight. Kernel weight can also be affected by post-harvest factors such as moisture content, storage
conditions, and processing methods, which may not be fully captured by morphometric features
obtained from image analysis. Therefore, our model has moderate accuracy for prediction of single
kernel weight using morphometric features extracted image analysis.

The results of the regression models created for the determination of kernel viability using
image analysis parameters in the study are presented in Table 4. According to these results, kernel
viability could not be determined by morphological measurements based on image analysis. As a
matter of fact, R? values for all models were found to be very low. There are several studies showing
that kernel viability can be detected based on image analysis. In these studies, several kernel features,
such as color, size, and shape parameters, were extracted from images of individual kernels and these
features were used as inputs for machine learning algorithms. Yaman and Kahriman (2022) achieved
high success (accuracy=0.91) from a machine learning model in which spectral data and
morphological features were used together in their studies on the determination of kernel viability in
maize with morphological features, image data and spectral data. In our study, it was understood that
kernel viability could not be determined using morphometric features alone. Image analysis features
may not be effective for predicting viability in maize for a few reasons. Firstly, image analysis
typically captures morphological features of the kernel such as size, shape, and color. While these
features may be correlated with viability, they do not provide direct information about the
physiological state of the kernel. Other factors such as seed vigor, genetic factors, and environmental
conditions can also influence kernel viability, which may not be fully captured by image analysis
features. Kernel viability may also depend on internal factors such as the integrity of the cell
membrane, which is not visible from the outside of the kernel. Therefore, image analysis may not be
able to capture all the necessary information for predicting viability. Image analysis features may not
be effective for predicting viability in maize because they may not provide direct information about
the physiological state of the kernel, may vary depending on the stage of kernel development, and may
not capture all the necessary information for predicting viability. On the other hand, the modeling
technique used for viability detection also affects the results of the study. The majority of successful
studies used deep learning or machine learning methods combined with machine vision. The linear
regression modeling technique used in our study may not have been insufficient in this regard. In
addition, the success of the models created in this study may be low, since the predictive variables
consisted only of morphological features.

Table 4. Results of regression models for kernel viability (DV4) using the morphometric features of ear samples
extracted from image analysis

Features/Stats. Model 1 Model 2 Model 3 Model 4
Area 0.001"" 0.004™ 0.004™" 0.002
Perimeter -0.009 -0.015™ -0.019™
Length 0.013 0.034
Width 0.023
Constant 0.829™" 0.978™" 0.997" 0.848™
N 1,223 1,223 1,223 1,223
R? 0.005 0.007 0.009 0.009
Adjusted R? 0.004 0.006 0.006 0.006
Std. Err. 0.280 0.279 0.279 0.279
(df = 1221) (df = 1220) (df =1219) (df = 1218)
F Statistic 6.498™ 4.603" 3.501" 2.880™
(df = 1; 1221) (df = 2; 1220) (df = 3; 1219) (df = 4; 1218)
* p<0,05, ** p<0,01, *** p<0,001
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Conclusion

In this study, the results are given for prediction of ear weight, grain weight per ear, single
kernel weight and kernel viability, which cannot be obtained by direct image analysis, using image
analysis parameters related to morphometric features. It is generally more accurate to predict ear
weight than total kernel weight in maize using image analysis because ear weight is a more direct
measure. For the models created to determine the single ear weight through image analysis results, it
was observed that 82.9% accuracy could be achieved when only the ear area was used, while the
regression coefficient increased to 88.8% when the ear perimeter variable was also included. Total
kernel weight is calculated by summing the weight of all the kernels on an ear, while ear weight is the
weight of the entire ear, including the ear and husks. Single kernel weight could be predicted with
kernel morphometric features in our study. It was understood that the kernel viability cannot be
predicted by using the linear regression method only on kernel morphology.

Note: This paper is prepeared from a part of Onurcan Nesrin’s master of science thesis.
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Oz

Bu caligmanin amaci, Tirkiye'de kirmizi et fiyatlar1 ile besi yemi fiyatlar1 arasindaki nedensellik
iligkisini belirlemektir. Arastirma materyali, Ocak 2008 ile Aralik 2022 tarihleri arasindaki 180 aylik kirmizi et
fiyatlar1 ve besi yemi fiyatlar1 verilerinden olugmaktadir. incelenen dénemde fiyatlarin cari olarak arttig
belirlenmis ve reel fiyatlar dikkate alindiginda 6zellikle son iki yilda besi yemi fiyatlarinin kirmiz et fiyatlarina
gore daha fazla oranda arttig1 belirlenmistir. Kirmizi et fiyatlari ile besi yemi fiyatlar1 arasindaki nedensellik
iligkisini belirlemek i¢in Toda-Yamamoto Testi kullanilmigtir. Bu amagla 6ncelikle serilerin ADF ve PP birim
kok sinamalart yapilmig ve serilerin birim kok igerdigi, ancak birinci farklarinda birim kokiin yok oldugu tespit
edilmistir. Serilerin gecikme uzunlugu 3 ay olarak belirlenmis ve degisen varyans ile otokorelasyon bulunmadigi
saptanmigtir. Arastirma sonuglarina gore, besi yemi fiyatlarindan kirmizi et fiyatlarina yonelik %1 anlamlilik
diizeyinde nedensellik iliskisi bulunmustur. Ancak, kirmizi et fiyatlarindan besi yemi fiyatlarina dogru anlamli
bir iligki tespit edilememistir. Kirmiz1 et fiyatlarindaki artisin yem fiyatindaki artisin bir fonksiyonu oldugu
sOylenebilir. Bu durumda, fiyat istikrar1 agisindan yem {iretiminin artirilmasi ve ithalata bagimliligin azaltilmasi
icin alinabilecek 6nlemlerin artirtlmasi gerektigi belirtilebilir.
Anahtar Kelimeler: Toda-Yamamoto, Kirmiz1 Et Fiyati, Besi Yemi Fiyati, Nedensellik Analizi

Determination of Causality Relationship Between Red Meat Prices and Fattening Feed
Prices in Turkey by Toda-Yamamoto Test

Abstract

The aim of this study is to determine the causal relationship between red meat prices and fattening feed
prices in Turkey. The research material consists of 180 months of data on red meat prices and fattening feed
prices between January 2008 and December 2022. During the period analyzed, it was determined that prices
increased in current terms and when real prices considering that feed prices increased more than red meat prices,
especially in the last two years. Toda-Yamamoto Test is used to determine the causal relationship between red
meat prices and fattening feed prices. For this purpose, firstly, ADF and PP unit root tests of the series were
performed and detected the series contain unit root, but there is no unit root in their first differences. The lag
length of the series was set as 3 months and changing detected there was no variance and autocorrelation.
According to the results of the study, a causality relationship was found from fattening feed prices to red meat
prices at 1% significance level. However, no significant relationship was found from red meat prices to fattening
feed prices. It can be said that the increase in red meat prices is a function of the increase in feed prices. In this
case, it can be stated that measures that can be taken to increase feed production and reduce import dependency
should be increased in terms of price stability.
Keywords: Toda-Yamamoto, Red Meat Prices, Fattening Feed Prices, Causality Analysis

Giris

Kirmiz1 et sektorii, sosyal ve ekonomik acidan iilke ekonomileri ig¢in olduk¢a Onemlidir.
Kirmizi et sektdriine yonelik alinan kararlar, hayvancilik ve tarim sektdrlerine yansiyarak, iilke
ekonomisini etkileme potansiyeline sahiptir (Oztiirk ve Baysan, 2022).

Diinyada {iretilen kirmiz1 etin yaklagik %55.3’ domuz eti, %33.2°1 si8ir eti, %4.6’s1 koyun
eti, %2.9’u kegi eti, %2.0’1 manda eti ve %2.0’lik kismini diger (deve, katir ve tavsan eti vb.) etlerden
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olusmaktadir. Toplam sigir eti iiretimde lider konumda olan iilkeler ABD, Brezilya, Cin ve
Hindistan’dir. Tiirkiye diinyadaki toplam sigir eti liretiminin yaklasik %2’sini karsilamaktadir (FAO,
2023). Diinyada 2022 yilindaki toplam kirmizi et tiiketimi 200 187 000 ton, kisi basi kirmizi et
tilketimi ise 19.2 kg’dir (OECD, 2023).

Tiirkiye’de uzun donemde kesilen hayvan sayisi ve kirmizi et tiretiminde siirekli bir artig s6z
konusudur. Tiirkiye’de tretilen kirmizi etin %71.8’1 sigir eti, %22.3°1 koyun eti, %5.3’1 kegci eti ve
%0.6’s1 manda etidir (TUIK, 2023). Verilere bakildiginda kirmiz1 et iiretimi ve tiiketiminde sigir ve
koyun etinin oran1 daha yiiksektir. Sigir besiciliginde en 6nemli maliyet unsuru yem giderlerinden
olugmaktadir. Bu nedenle yem maliyetinin diisiiriilmesi, besi karliliginin artirilmasi icin énemli bir
yontem olarak degerlendirilmektedir (Yaylak ve Kaya, 2001). Tiirkiye’de yem sektorii stirekli gelisme
gostermektedir ve toplam karma yem {iretimi son 10 yilda %70 artigla yaklagik 27 milyon tona
yiikselmistir. Karma yem iiretiminin %25.3’lini siit yemi, %22.2’sini pilic yemi, %21.7’sini besi
yemi, %12.9’unu yumurta yemi ve %17.9’unu diger karma yemler (kiigiikbas yemi, balik yemi ve siis
hayvanlar1 yemi) olusturmaktadir (GKGM, 2023).

Yapilan cesitli arastirmalar incelendiginde gerek konu ile ilgili ve gerekse yontem ile ilgili
bircok calismaya rastlanilmstir. Oztiirk ve Baysan (2022), Tiirkiye’de kirmizi et arzi-talebi, fiyat
olusumu ve ithalatini, Yalginkaya (2016), kesif yem fiyatlarinin etkilestigi faktorleri, Estiirk ve Mert
(2022), iklim degisikligi ile tahil ve yem bitkileri verimliligi arasindaki nedenselligi, Fidan ve
Bayramoglu (2019), bitkisel iiretimdeki maliyet degisikliklerinin hayvansal {iriin piyasasini nasil
etkiledigini, Urak ve ark. (2022), Tiirkiye’de dana karkas ve kuzu karkas ile yemlik bugday piyasalar
arasindaki uzun dénem belirsizlikleri, Ozdemir ve ark. (2020), Tiirkiye’de koyun eti ile besi yemi
fiyatlar1 arasindaki uzun dénem oynaklig1 incelemislerdir.

Yalginkaya ve Aktas (2019), Ocak 2016 tarihinden itibaren uygulanan yem fiyatlarindaki
KDV orani indiriminin, siit ve kirmiz1 et iiretimindeki 6nemli maliyet unsurlarindan biri olan yem
fiyatlar tizerindeki etkisini incelemisler ve et ve siit fiyatlarina nasil yansidigini ortaya koymuslardir.
KDYV oranlarinin yem fiyatlari iizerindeki uzun dénem etkisi Johansen Esbiitiinlesme Analizi ile, kisa
donem etkisi ise Granger Nedensellik Analizi ile test edilmistir. Elde edilen bulgulara gore, yem
fiyatlarindaki KDV oranlarinin disiiriilmesinin, et ve siit fiyatlarina hemen yansimadigi ve fiyat
indirimleri i¢in piyasa kosullarinda (arz-talep) degisiklik gerektigini belirtmiglerdir.

Dalgic ve ark. (2023), Tiirkiye’de besi sigirciliginin gelisimini ortaya koymay1 hedeflemisler
ve 1936-2021 donemini kapsayan sigir eti iiretim miktarlarint kullanmiglardir. Yaptiklari analiz
sonuglarina gore en uygun model olarak ARIMA (0.2.2) modelinin oldugunu tespit etmislerdir. Elde
edilen bulgulara gore, sigir eti tiretiminin 2022-2031 déneminde %60.31 oraninda artis gosterecegini
belirtmislerdir.

Sacli (2020), Tiirkiye'deki sigir eti fiyatlarindaki artisa etki eden temel faktorleri ortaya
koymay1 amaglamustir. Sigir eti fiyatlarindaki artigin temel nedeninin et tiretiminin yetersizligi oldugu
belirlenmistir. Ayrica siit fiyatlar1 ile sigir eti iiretici fiyatlarn1 arasindaki giiglii bir iligki oldugu
belirtilmigtir.

Yilmaz ve Yasar (2020), hayvancilik sektdriine verilen desteklerin yurt igindeki kirmizi et
fiyatlan tizerindeki etkilerini zaman serisi analizleri ile ortaya koymay1 amaglamiglardir. Calismada
1990-2018 donemine ait hayvancilik sektoriine verilen desteklemeleri kullanmiglardir. Bulgulara gore
desteklerin kirmizi et fiyatlarina negatif etkisi oldugu sonucuna ulastiklarini belirtmislerdir.

Kaplan ve Cigek (2022), ¢ig siit fiyatlar ile siit yemi fiyatlar1 arasindaki nedensellik iligkisini
Toda-Yamamoto testi ile ortaya koymay1 amaglamislardir. Aragtirmada, Ocak 2008 ile Aralik 2021
donemine ait ¢ig siit ve siit yemi fiyatlarin1 kullanmiglardir. Cig siit fiyatlarindan siit yemi fiyatlarina
dogru tek yonlii bir nedensellik iligkisi oldugunu belirtmiglerdir. Calismada, yem fiyatlarindaki
artiglarin siit fiyatlarini artiracagi diislincesinin, beklenilenin aksine gerceklestigini belirtmislerdir.

Hayvancilik sektoriinde besi yemi fiyatlarini etkileyen faktorlerin belirlenmesi oldukca
onemlidir. Yem fiyatlarinin olusumunda besi yeminin iiretim siireci, piyasa talebi ve yem
hammaddelerinin fiyatlar1 etkili faktorlerdir. Besi yemi iiretimi i¢in hammadde olarak kullanilan
hububat ve yagl tohumlarin fiyatlar tarimsal tiretim kosullara gore degisiklik gosterebilmektedir.
Ozellikle mahsul verimindeki bir azalma veya artis, yem hammaddelerinin arzini etkileyerek fiyatlarda
dalgalanmalara yol agmaktadir. Benzer sekilde yem kullanimindaki disa bagimlilik, yurt i¢i fiyatlarina
yansimakta ve liretim maliyetlerini artirmaktadir.
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Tiirkiye'de kirmizi et fiyatlar1 ve besi yemi fiyatlarinin gelisimi Cizelge 1'de verilmistir. 2008
yilinda kirmizi etin cari fiyati 11.72 TL/kg iken, 2022 yilinda bu fiyatin 87.06 TL/kg oldugu
gorlilmektedir. Besi yeminin cari fiyati1 2008 yilinda 0.52 TL/kg iken, 2022 yilinda 5.23 TL/kg
seviyesine ylkselmistir. 2008-2022 yillar1 arasinda kirmizi et cari fiyatinda %642.83°liik, besi yemi
cari fiyatinda ise %905.76’lik bir artis s6z konusudur. S6z konusu dénemde cari fiyatlar ile reel
fiyatlar karsilastirildiginda kirmizi et cari fiyatlarinda artis s6z konusu iken kirmizi1 et reel fiyatlarinda
diisiis yasanmustir. Besi yemi cari fiyatlari ile besi yemi reel fiyatlarinda da ayni durum s6z konusudur.

Table 1. Current and real prices of red meat and fattening feed in Turkey (TL/kg)
Cizelge 1. Tiirkiye’de kirmizi et ve besi yeminin cari ve reel fiyatlar1 (TL/kg)

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

KEE 117 134 184 185 175 158 171 211 250 274 287 313 356 435 87.0

2 0 0 4 1 3 0 4 3 4 6 2 7 3 6
KER 10.6
E 7.45 8.40 3 9.66 859 744 728 855 971 919 766 7.03 7.15 6.12 530

BYF 052 042 048 062 068 0.71 074 075 080 091 115 133 164 255 5.23

EYR 033 026 028 032 034 033 032 030 031 031 030 030 033 035 0.32

Kaynak: TURKIYEM-BIR,2023; TUIK,2023. KEF: Kirmizi et cari fiyati, KERF: Kirmizi et reel fiyat, BYF: Besi yemi cari
fiyati ve BYRF': Besi yemi reel fiyati, olarak kisaltilmistir.

Ocak 2008-Aralik 2022 arasindaki kirmizi et cari fiyatlar1 ile besi yemi cari fiyatlar1 Sekil
I’de goriilmektedir. Uzun déonemde kirmizi et cari fiyatlari ile besi yemi cari fiyatlarinin gelisimini
ayn1 diizlemde karsilagtirabilmek igin, et/yem paritesi 22 birim olarak alinmistir. Sirdiriilebilir
besicilik agisindan yem paritesinin saglanmasi i¢in kirmizi et/yem oraninin en az 22 olmasi gerektigi
belirtilmektedir (Fidan, 2019). Buna gore ozellikle son iki yilda paritenin kirmizi et fireticileri
aleyhine gelistigi goriilmektedir.
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Figure 1. Current prices of red meat and current prices of fattening feed (TL/kg)
Sekil 1. Kirmuzi et cari fiyatlari ile besi yemi cari fiyatlari (TL/kg)

Ocak 2008—Aralik 2022 arasinda kirmizi et reel fiyatlar ile besi yemi reel fiyatlari arasindaki
iligki Sekil 2’de goriilmektedir. Uzun donemdeki reel fiyatlar incelendiginde; 2009-2012 yillar
arasinda ve 2015-2018 yillar1 arasinda iiretici lehine bir durum s6z konusu iken, 6zellikle son iki yi1lda
cari fiyatlarda oldugu gibi reel fiyatlar agisindan da iiretici aleyhine bir gelisim oldugu belirlenmistir.
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Figure 2. Real price of red meat and real price of fattening feed (TL/kg)
Sekil 2. Kirmizi et reel fiyat: ile besi yemi reel fiyat: (TL/kg)

Kirmiz1 et fiyati ile besi yemi fiyati arasindaki parite incelendiginde Agustos 2020’ye kadar
genellikle kirmizi et fiyatlarinin paritenin iizerinde seyrettigi, Agustos 2020°den sonra ise kirmizi et
fiyatlarinin paritenin altina diistiigi gorilmektedir (Sekil 3). Parite Aralik 2021'de en diisiik seviyesine
ulasmis ve sonrasinda bir miktar yiikselmistir. Ancak yaklasik iki yillik stiredeki parite diisiikliigliniin

tireticiler agisindan olumsuz sonuglar olusturacagi ve et iireten isletmelerin siirdiiriilebilirligini tehdit
edecegi kacinilmazdir.
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Figure 3. Parity between red meat prices and fattening feed prices
Sekil 3. Kirmiz et fiyatlari ile besi yemi fiyatlar1 arasindaki parite

Yukaridaki verilere gore, kirmizi et fiyatlari ile besi yemi fiyatlari arasinda bir iliskinin varligi

sOylenebilir. Ancak bu iliskinin ne yonde oldugunun ve istatistiksel olarak anlamlilik diizeyinin
belirlenmesi gerekmektedir.

Materyal ve Yéntem

Bu calismada, Tiirkiye'deki kirmizi et fiyatlar1 ile besi yemi fiyatlar1 arasindaki iliskiyi
incelemek amaciyla Ocak 2008'den Aralik 2022'yve kadar olan 180 aylik veri seti kullanilmustir.
Veriler, Tiirkiye Istatistik Kurumu (TUIK) ve Tiirkiye Yem Sanayicileri Dernegi (TURKIYEM-BIR)
kaynaklarindan alinmistir ve 2003 yilina dayali endeks Uretici Fiyat Endeksi (UFE=2003) kullanilarak
reel fiyatlar olusturulmustur. Cari fiyatlardaki asirt yiikselmeler genellikle yanlis yorumlara yol agtigi

icin Uretici Fiyat Endeksi (UFE=2003) dikkate almarak her iki degisken i¢in reel fiyatlar olusturulmus
ve analizler reel fiyatlar kullanilarak yapilmistir.
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Calismada, kirmizi et fiyatlan ile besi yem fiyatlar1 arasindaki nedensellik iligkisinin
belirlenmesi amaciyla uygun bir model se¢imi yapilmistir. Bunun igin Oncelikle veri setlerinin
duraganlik yapisi analiz edilmistir. Bu ¢alismadaki nedensellik analizinin digerlerinden farkli olarak,
seriler arasinda aynmi diizeyde duraganlik kosulunun aranmamasidir. Ancak serilerin duraganlik
diizeylerine ¢aligmada yer verilmektedir. Genisletilmis Dickey-Fuller (ADF) ve Phillips-Perron (PP)
birim kok testleri kullanilarak serilerin duraganlik diizeyi belirlenmistir.

Toda ve Yamamoto (1995) tarafindan gelistirilen nedensellik testinde, standart nedensellik
testlerinden farkli olarak, seriler arasinda esit diizeyde duraganlik sarti aranmaz ve zaman serileri
arasindaki esbiitiinlesme iligkisi g6z oniinde bulundurulmaz. Nedensellik iliskisinin belirlenmesi i¢in
degiskenlerin diizey degerleri kullanilir, bu nedenle serilere iliskin bilgi kayb1 olmaz. Bu nedensellik
testi i¢in, (k+dmax) gecikmeli genisletilmis bir VAR modeli olusturulur. Burada k, klasik VAR
modelinin gecikme uzunlugunu temsil ederken, dmax degiskenlerin maksimum biitiinlesme derecesini
ifade eder. Toda ve Yamamoto tarafindan gelistirilen ileri Wald (MWALD) test istatistigi, k gecikmeli
VAR modeli parametrelerine uygulanarak nedenselligin varligi tespit edilmektedir.

Wald testinin uygulanabilmesi icin, degiskenlerin nedensellik modeli icin Gériiniirde Iliskisiz
Regresyon (GIR) modeli kullanilmaktadir. GIR yéntemi, Zellner (1962) tarafindan gelistirilmis olup,
regresyon sisteminde her bir denklemi ayri ayri tahmin etmek yerine denklemleri bir arada
Genellestirilmis En Kiiciik Kareler Yontemi (GEKK) ile tahmin etmenin daha etkin sonuglar verdigini
gostermistir.

MWALD test istatistigi, y2 dagilimii takip eder. Test istatistigi anlamli oldugunda,
degiskenler arasinda bir nedensellik iligkisinin var oldugu sonucuna varilir (Cetin ve ark., 2020). VAR
modeline ait denklemler asagida verilmistir.

Yioy, + oM o liyt— 14 RIFIMXBlixt— 1 + elt

1)
Xizy, + TeHImax o 2jyt — 1+ FRAIMaXB2ixt— 1 + e2t

()

Denklem 1'deki X degiskeninin Y degiskeninin Granger nedeni olmadigini ifade eden (HO: B1i
= 0) sifir hipotezi bulunmaktadir. Benzer sekilde, Denklem 2'deki Y degiskeni i¢in de X degiskeninin
Granger nedeni olmadigi seklinde ifade edilen baska bir sifir hipotez vardir ve bu hipotezler Wald testi
ile sinanmaktadir (Toda ve Yamamoto, 1995).

Bulgular ve Tartisma

Kirmiz1 et fiyatlar ile besi yemi fiyatlar1 arasindaki nedensellik iligkisini belirlemek amaciyla
serilerin duraganlik testi yapilmistir. Duraganlik testi, serinin ne tiir duraganlik ve birim kok icerdigini
belirlemeye yardimci olmaktadir. Arastirmada, Genisletilmis Dickey-Fuller (ADF) ve Phillips-Perron
(PP) birim kok testlerinden yararlanilarak belirtilen amag¢ dogrultusunda analiz yapilmistir. Cizelge
2'de serilerin ADF ve PP birim kok testlerine iliskin sonuglar verilmistir. Kirmiz1 et reel fiyatlari i¢in
diizeyde hem sabit hem sabit trend igeren Genisletilmis Dickey-Fuller ve Phillips-Perron testlerine
gore, besi yemi reel fiyatlari igin ise diizeyde ve sabit trendde Genisletilmis Dickey-Fuller testine gore
birim kok icerdigi tespit edilmistir. Her iki seri i¢in birinci farklarinda birim kokiin ortadan kalktigi
sonucuna vartlmigtir.

Table 2. ADF and PP unit root test results
Cizelge 2. ADF ve PP birim kok test sonuglart

Seriler ADF PP Seriler ADF PP
2 Sabit BYRF 0.2800* 3.2190** 5 ks BYRF 11.3520%**  12.3379***
S KERF 1.0356 0.4702 =~ KERF 7.3823*** 7.3823***
A Sabit+Trend BYRF 3.1664 3.4551* o & BYRF 11.3306***  12.3079***
KERF 2.2491 1.6115 KERF 7.4445%** 7.4977%**

* xx

" swraswla %10, %5 ve %I anlamhilik diizeylerini vermektedir. BYRF: Besi yemi reel fiyati, KERF: Kirmizi et reel fiyati
olarak kisaltilmistir.

Maksimum biitlinlesme derecesinin (dmax) belirlenmesi amaciyla, degiskenlerin duraganlik
seviyeleri tespit etmek i¢in degiskenlerin birinci farklar1 alinmistir. Birinci farki alinan degiskenlerin
birim kok testi sonuclarina gore, kirmizi et reel fiyati ve besi yemi reel fiyat1 serilerinin birinci
farklarinin I(1) duragan oldugu saptanmis ve maksimum biitiinlesme derecesi (dmax) 1 olarak
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belirlenmistir. Birim kok sinamasinin ardindan, VAR modeli olusturmak i¢in, gecikme uzunlugunun
belirlenmesi ve gecikme uzunlugunun tespiti ile verilere uygun modelin segilmesi gerekmektedir.
Cizelge 3'te VAR modelinde uygun gecikme uzunluklarina iliskin sonuglara yer verilmis ve modeldeki
gecikme uzunlugunun 3 ay oldugu tespit edilmistir.

Table 3. Determination of lag length in VAR model
Cizelge 3. VAR modelinde gecikme uzunlugunun belirlenmesi

Lag LogL LR FPE AIC SC HQ
0 221.2413 NA 0.000268 -2.549317 -2.512719 -2.534468
1 734.7496 1009.103 7.16e-07 -8.473832 -8.364036 -8.429285
2 757.4587 44.09790 5.76e-07 -8.691380 -8.508386* -8.617135
3 765.0568 1457779 5.52e-07* -8.733219* -8.477027 -8.629275*
4 767.9885 5.556582 5.59e-07 -8.720796 -8.391407 -8.587155
5 769.9062 3.590098 5.73e-07 -8.696583 -8.293997 -8.533244
6 772.0771 4.013751 5.86e-07 -8.675316 -8.199532 -8.482278
7 780.4906 15.35943* 5.57e-07 -8.726635 -8.177653 -8.503899
8 782.4139 3.466532 5.70e-07 -8.702488 -8.080309 -8.450054

(*) gecikme uzunlugunu vermektedir.

Otokorelasyon veya ardisik bagimlilik, regresyon analizinde istenmeyen bir durumu ifade
eder. Bu durum, birbirini izleyen hata birim degerleri arasinda anlamli bir iligki bulunmasi anlamina
gelir. Birim degerlerinin birbirini etkilemesi veya bagimli olmasi, regresyon analizinde hata terimleri
arasinda sistematik bir iligkiye yol acgar (Albayrak, 2014). Degisen varyans durumunda, model
tahminleri yansiz olmaya devam etmektedir. Istatistiksel hipotez testlerinin gegerliligi, degisen
varyans durumunda, etkin olmayan varyans ve kovaryans tahminleri nedeniyle kaybolmaktadir
(Kaplan ve Cicek, 2022).

Cizelge 4'de serilere yapilan analizlerde, Lagrange Carpani (LM) Otokorelasyon Testi ve
White Degisen Varyans Testi (With Cross) sonuclar1 verilmistir. Testlerin sonuglarina gore, LM
Otokorelasyon testinin elde edilen p degeri 0.6148, White Degisen Varyans Testi'nin p degeri ise
0.0106 olarak bulunmustur. Bu sonuglar dogrultusunda, analizde kullanilan serilerde degisen varyans
ve otokorelasyon tespit edilmemistir.

Table 4. LM Autocorrelation and White Variance test results
Cizelge 4. LM Otokorelasyon ve White Degisen varyans testi sonuglari

Lagrange Carpani (LM) Otokorelasyon Testi

Lag Lenght Statistical Value P-Value

3 2.668034 0.6148
White Degisen Varyans Testi (With Cross)

Lag Lenght Statistical Value P-Value

3 113.1742 0.0106

Otokorelasyon testinde Ho hipotezi, “Otokorelasyon vardir” iken, degisen varyans testinde Ho hipotezi, “Degisen Varyans
yoktur” seklindedir.

Calismanin yontem boliimiinde ifade edildigi iizere, Goriiniiste Iliskisiz Regresyon Modeli
kullanilarak kurulan denklemler bir arada incelenmistir. Bu model, kirmiz1 et fiyati ve besi yemi fiyati
arasindaki nedensellik iliskisini test etmek icin kullanilmis ve sonuclar Cizelge 5'de verilmistir. Bu
model araciligiyla, Equation kisminda belirtilen kirmizi et fiyati ve besi yemi fiyati nedensellik
denklemleri araciligiyla, degiskenler arasindaki nedensellik iligkisi test edilmistir. VAR modeli igin
gecikme uzunlugu 3 olarak kurulmustur. Bunun yan sira, esbiitiinlesme analizi i¢in gecikme uzunlugu
da modele eklenerek, her iki degisken i¢in 4 gecikme uzunluguna sahip olan modelin sonuglari
Cizelge 5'de sunulmustur. Daha sonra, denklemler {izerindeki nedensellik iligkisinin tespiti i¢in Wald
testi uygulanmustir.
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Table 5. Seemingly unrelated regression model results
Cizelge 5. Goriiniiste ilgisiz regresyon modeli sonuglari

Coefficient Std. Error t-Statistic Prob.
C(1) 1.426066 0.076453 18.65296 0.0000
C(2) -0.488972 0.133880 -3.652318 0.0003
C@3) 0.002113 0.137881 0.015322 0.9878
C(4) 0.035694 0.079064 0.451454 0.6520
C(5) -0.037348 0.039590 -0.943358 0.3462
C(6) 0.001778 0.056689 0.031372 0.9750
Cc 0.004617 0.056145 0.082236 0.9345
C(8) -0.052659 0.039652 -1.328014 0.1851
C(9) -0.046338 0.024280 -1.908475 0.0572
C(10) 0.179224 0.146072 1.226958 0.2207
C(11) -0.310456 0.255793 -1.213698 0.2257
C(12) -0.034208 0.263438 -0.129851 0.8968
C(13) 0.183730 0.151061 1.216269 0.2247
C(14) 1.060399 0.075641 14.01876 0.0000
C(15) -0.342610 0.108312 -3.163189 0.0017
C(16) 0.268465 0.107272 2.502654 0.0128
Cc@an -0.079464 0.075760 -1.048882 0.2950
C(18) -0.148134 0.046390 -3.193245 0.0015
Determinant residual covariance 4 97E-07

Equation: LKERF = C(1)* LKERF(-1) + C(2)* LKERF(-2) + C(3)* LKERF(-3) + C(4)* LKERF(-4) + C(5)*
LBYRF(-1)+C(6)* LBYRF(-2) + C(7)* LBYRF(-3) + C(8)* LBYRF(-4) + C(9)

R-squared 0.989208
Adjusted R-squared 0.988691
S.E. of regression 0.019850

Equation: LBYRF = C(10)* LKERF (-1) + C(11)* LKERF (-2) + C(12)* LKERF (-3) + C(13)* LKERF (-4)
+C(14)* LBYRF (-1) + C(15)* LBYRF (-2) + C(16)* LBYRF (-3) + C(17)* LBYRF (-4) + C(18)

R-squared 0.838623
Adjusted R-squared 0.830892
S.E. of regression 0.037926

Cizelge 6'da seriler arasindaki nedensellik iligkisini belirlemek amaciyla Toda-Yamamoto
nedensellik testi kullanilmigtir. Test sonuglarina gore, KEF=f(BYF) iligkisi i¢gin Wald testi 16.11109
ve olasilik degeri 0.0029 olarak elde edilmistir. Bu sonuca gore, besi yemi fiyatlarindan kirmizi et
fiyatlarina dogru %1 anlamlilik diizeyinde bir nedensellik iliskisi oldugu ve yansima siiresinin 3 ay
oldugu tespit edilmistir. Kirmiz1 et fiyatlarindan besi yemi fiyatlarina dogru olan BYF=f(KEF) iligkiyi
belirlemek i¢in yapilan analizlerde Wald testi istatistigi 4.958554 ve olasilik degeri 0.2916 olarak
bulunmustur. Bu sonuca gore, kirmizi et fiyatlarindan besi yemi fiyatlarina dogru istatistiksel olarak
anlamli bir iligki tespit edilememistir.

Table 6. Toda-Yamamoto causality test results
Cizelge 6. Toda-Yamamoto nedensellik testi sonuglari

Model Denklem Wald Test Olasilik Degeri
KEF=f(BYF) k=3 dmax =1 16.11109 0.0029
BYF=f(KEF) k=3 dmax =1 4.958554 0.2916

Sonuc ve Oneriler

Kirmiz1 et iiretiminde ve 6zellikle ticari sigir yetistiriciliginde tiretim giderleri igerisinde besi
hayvani satin alimi disinda, besi yemi giderleri énemli bir paya sahiptir. Tiirkiye'de son 10 yilda
toplam karma yem {iretimi artmis olmasina ragmen yem kullaniminda ithalata bagimlilik devam
etmektedir. Tiirkiye’de 2008-2022 yillar1 arasinda kirmizi et cari fiyatlarinda %642.83’liik, besi yemi
cari fiyatlarinda ise %905.76’lik bir artis yasanmistir. Ayni donemde kirmizi et reel fiyatlarinda
%28.85’1ik, besi yemi reel fiyatlarinda ise %3.03’liikk bir azalig yasanmistir. Uzun vadede cari
fiyatlardaki artislarin kirmizi et iireticileri aleyhine gelistigi goriilmektedir. Bununla birlikte zaman
icerisinde fiyat dalgalanmalarinin donemsel olarak iireticiler lehine gelistigi donemler olmakla birlikte
ozellikle son iki yilda bu durumun tersine gelistigi belirlenmistir. Kirmizi1 et fiyatlar ile besi yemi
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fiyatlar1 arasindaki paritenin en diisiik seviyesinin 22 olmas1 gerektigi dikkate alindiginda, donemsel
olarak paritenin degiskenlik gosterdigi ve Ozellikle son iki yilda et iireticilerinin aleyhine gelistigi
gorlilmektedir.

Kirmiz: et fiyatlar1 ile besi yem fiyatlar arasinda nedensellik iligkisini belirlemek amaciyla
seriler iizerinde birim kok testi yapilmistir ve sonuglara gore, serilerin birim kok igerdigi ve birim
koklerin birinci farkin alinmasiyla ortadan kalktigi belirlenmistir. Besi yemi fiyatindaki artigin kirmizi
et fiyatina yansima siiresi (uzunlugu) ceyreklik etkiye sahiptir. Bunun yam sira, serilerin model
uygunlugu i¢in otokorelasyon ve varyans testleri de yapilmistir. Elde edilen sonuglar, serilerde varyans
ve otokorelasyonun bulunmadigini gostermektedir.

Yem fiyatlarindaki artislarin kirmiz1 et fiyatlarini yiikselttigine yonelik genel bir kabul sz
konusu olmakla birlikte bunun istatistiksel olarak test edilmesi gerekmektedir. Toda-Yamamoto
nedensellik testi kullanilarak, kirmizi et fiyatlar1 ile besi yemi fiyatlar1 arasindaki nedensellik
iliskisinin varlig1 incelenmis ve besi yemi fiyatlarindan kirmizi et fiyatlarina dogru %1 anlamlilik
diizeyinde bir nedensellik iligkisi oldugu belirlenmistir. Ancak, kirmizi et fiyatlarindan besi yemi
fiyatlarina dogru anlamli bir iligki tespit edilememistir. Yem fiyatlarindaki artiglarin kirmizi et
fiyatlarina 3 aylik bir gecikme ile yansidigi belirlenmistir. Bu durumda kirmizi et fiyatlarindaki
artislarin yem fiyatlarindaki artislarin bir fonksiyonu oldugunu sdylemek yanlis olmayacaktir. Bu
durumda fiyat istikrar1 agisindan yem iiretiminin artirtlmasi ve ithalata bagimliligin azaltilmasi igin
alinabilecek dnlemlerin artirilmasi gerektigi ifade edilebilir.

Arastirmacilarin Katki Oram Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig olduklarini beyan eder.

Cikar Catismasi Beyani

Makale yazarlar1 aralarinda herhangi bir ¢ikar ¢atismasi olmadigini beyan ederler.
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Oz

Bu galismada, Canakkale ili ve ilgelerinde bulunan tarim isletmelerinin sahip oldugu mevcut toprak
isleme aligkanliklart saptanmistir. Ayrica siirdiiriilebilir koruyucu toprak isleme yontemlerine gegiste isletmelerin
mevcut bilgi durumu ve yeni teknikleri 6grenme tercihlerinin belirlenmesi amaglanmistir. Bu kapsamda, ildeki
toplam 34 adet koyde bulunan 78 tarim isletmelerinde anket ¢alismalari yiiriitiilmiis, elde edilen veriler
degerlendirilmistir. Tarim isletmelerinin triinler bazinda toprak isleme aliskanliklari, alt yapilari, isletmelerin
koruyucu ve azaltilmis toprak isleme yontemleri hakkindaki bilgi seviyesi, yesil giibreleme, aniz kontrolii,
organik madde, ekim ndbeti ve rotasyon kavrami gibi koruyucu toprak isleme terimleri hakkindaki bilgi
diizeyleri saptanmistir. Arastirma sonuglarina gore, isletmelerin %72’sinin toprak analizi yaptirdigi, fakat bu
isletmelerin yalnizca %48 nin toprak analiz sonuglarina gore bitki besleme programi yaptiklari tespit edilmistir.
Isletmelerin %65’inin koruyucu toprak isleme kavramini ilk kez duyduklari ve uyguladiklari, toprak isleme
yontemlerinin %95 oraninda geleneksel aligkanliklar ve ananeler sonucunda yerlesik hale geldigi belirlenmistir.
Isletmecilerin %351’inin koruyucu toprak isleme konusundaki en etkili ve akilda kalict bilgilendirme yolu
tercihinin televizyon ve internet oldugu saptanmistir. Ayrica, isletmelerin %24’ koruyucu toprak isleme
yontemlerine gecis i¢in bilgilendirme, makina alt yapist ve akaryakit gibi desteklerin devlet tarafindan
saglanmasini istediklerini belirtmislerdir. Sonug olarak hem iilkemiz hem de diinya agisindan biiyiik bir problem
haline gelen kiiresel 1sinmanin azaltilabilmesi agisindan, isletmelerin sahip oldugu geleneksel toprak isleme
yontemlerine bagliligi ortadan kaldirmak amaciyla koruyucu ve azaltilmis toprak isleme teknikleri ile ilgili
bilgilerin internet ve medya gibi g¢esitli kanallardan aktarilmasinin hizlandirilmasi ve makina altyap:
desteklerinin arttirilmasi gerektigi sonucuna vartlmistir.
Anahtar Kelimeler: Koruyucu Toprak Isleme, Siirdiiriilebilir Tarim, Toprak Isleme Aliskanliklari.

Determination of Tillage Routine of Agricultural Producers in the Canakkale Region

Abstract

In this study, it was aimed to determine the current soil cultivation habits of agricultural managements
in Canakkale province and its districts and to determine the knowledge status of managements and their
preferences for learning new techniques in the transition to sustainable conservation soil cultivation methods. In
this context, surveys were conducted with 78 agricultural managements in 34 villages in the province and the
data obtained were evaluated. The knowledge levels of agricultural managements on soil cultivation habits on
the basis of products, their infrastructure, the level of knowledge about protective and reduced soil cultivation
methods of enterprises, green manuring, stubble control, organic matter, crop rotation and the concept of rotation
were determined. According to the results of the research, it was determined that 72% of the managements had
soil analysis, but 48% of these enterprises made a plant nutrition program according to the soil analysis results. It
has been determined that 65% of the managements have heard and applied the concept of conservation soil
tillage for the first time, and that the soil tillage methods have become established as a result of traditional habits
and traditions at a rate of 95%. It was determined that 51% of the managements preferred the most effective and
memorable way of informing about conservation soil tillage, television and internet. In addition, 24% of the
managements stated that they want to provide by state supports such as information, machinery infrastructure,
fuel oil and information for the transition to conservation soil cultivation methods. As a result, in order to reduce
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global warming, which has become a major problem for both our country and the world, it is aimed to eliminate
the dependence of managements on traditional tillage methods. For this purpose, it has been concluded that the
transfer of information about conservation and reduced tillage techniques through various channels such as the
internet and media should be accelerated and machine infrastructure supports should be increased.

Keywords: Conservation Tillage, Sustainable Agriculture, Tillage Habits.

Giris

Toprak isleme, yerlesik hayata gegisin ardindan insanoglunun beslenme ihtiyaglari
dogrultusunda topragin islemesiyle baslamistir. Toprak islemenin M.O. 4.000’li yillarda baslamasi,
magara duvarlarinda ¢izilen resimler ile tespit edilmistir (Lal ve ark., 2007; Cay ve ark., 2015).
Glinlimiize kadar yeryiiziinde insan niifusu hizla artmakta ve sanayilesmeyle birlikte topraklar
bilingsizce ve kontrolsiiz bir sekilde islenmistir. Yogun toprak isleme ve toprak iist yiizeylerinin bitki
artiklarindan arindirilmasi topragin sikismasina ve topragin asinmasina neden olmaktadir. Topragin
bilingsiz ve yogun olarak islemelerinden dolay1 gevre ve topraga yaptigi zararlar1 fark eden bilim
insanlar1 siirdiiriilebilirlik ve koruyucu toprak isleme yontemlerini ortaya koymuslardir (Ozpinar,
2006; Bellido ve ark., 1996)). Koruyucu toprak isleme tarimda tarla igi trafigini azaltmada, erozyon
kontroliinde, toprakta organik madde tutulmasinda, istikrarli ve siirdiiriilebilir {iriin, verim gibi
yararlarinin oldugu bilinmektedir. Diinya niifusunun hizla artmasi beslenme problemini beraberinde
getirmis ve Uretim gerceklestirilen birim alanlardan verimin arttirilmasi zorunlulugunu dogurmustur.
Ozellikle Termik motorlarm kesfi ile traktdrler hareket kabiliyeti kazanmis sonrasinda tekerlerde
lastiklerin kullanilmasiyla da traktorlerin tarla {izerindeki yogun kullanimi giiniimiize kadar ulasmustir.
Ayrica termik motorun kesfinden dnce toprak isleme lokomobil ile de yapilabilmistir. 1. ve 2. Diinya
Savasi’nin dogal sonucu olarak gerceklesen sanayi devrimiyle birlikte toprak islemenin insan ve
hayvan giiciiyle yapilmasi daha da azalarak, toprak isleme mekanizasyonu g¢ok yiiksek bir hizla
gelismistir (Lal, 2007). Bu yogun ve bilingsiz toprak yonetimi beraberinde istenmeyen yan etkilere yol
acarak topraklarin siirdiirebilir kalmasini engellemeye baslamistir. Basta toprak sikismasi ve organik
madde fakirliginin yaninda erozyon ve ¢ollesme gibi ¢cok 6nemli sorunlar yaratabilen bilingsiz toprak
isleme yonetiminin fark edilen bu yonleri engellemek gereksinimini de ortaya ¢ikmustir. Ancak,
Amerika’da 1960’11 yillardan sonra, diinyada ise 1970’li yillarda koruyucu toprak islemeyle ilgili
arastirmalara baslanmigtir. Toprak isleme, toprak yapisini degistirmek suretiyle topragin erozyona
kars1 korunmasina, tohum yataginin hazirlanmasina, toprak flora ve ¢esitliliginin korunmasina katki
saglayarak kiiltiir bitkisinin yetistirilmesi i¢in ideal ortamin olusturulmasi amaciyla yapilmaktadir.
Tarimsal iiretime genel olarak bakildiginda, yetistirilecek {irliniin ekimi, bilylimesi ve gelismesi ile
hasadina kadar gegen siirecte en 6nemli faktdrlerden biri olan uygun toprak kosullarini saglayan dogru
toprak isleme uygulamalaridir. Toprak isleme yontemleri genellikle topragi kesmeye calisan,
pargalayarak isleyen, ters ceviren veya karistiran tarimsal ekipmanlar araciligiyla topragin mekaniksel
olarak islenmesidir (Cannell, 1985; Gajri ve ark., 2002). Toprak isleme yontemleri, iiretim yapilan
topragin durumu, iklim sartlar1 ve sahip olunan toprak isleme ekipmanlarinin 6zelliklerine bagl olarak
secilmektedir. Topragin kalitesi; biyolojik etkinlikleri arttiran, g¢evre sistemini korumak ve
devamliligimi saglamak, ekosistemin sinirlari igerisinde bitkisel iiretimi yerine getiren esas olan
topragin oOzelligidir (Canbolat, 2006). Bu ve benzeri tahmin edilmesi zor olan parametreler
diisiiniildiigiinde, iiretim desenine 6zgii en uygun toprak isleme uygulamasini belirlemek oldukca
zordur (Tapela ve Colvin, 2002). Toprak isleme alet ve ekipmanlarin gesitliligine bagli olarak farkli
toprak isleme sistemleri gelistirilmigtir. Toprak isleme sistemleri geleneksel ve koruyucu toprak igleme
olmak iizere iki ana gruba ayrilmaktadir. Bu calismada, Canakkale yoresi tarim isletmelerinin ve
dolayistyla ireticilerin toprak isleme rutinlerinin ve aliskanliklar1 saptanmistir. Ayrica siirdiiriilebilir
koruyucu toprak yonetimi tekniklerine gecis i¢in tireticilerin mevcut bilgi birikimi ortaya konarak, bu
birikimin arttirlmasima ve koruyucu toprak islemem yontemlerine gegisteki bilgi edinme tercihleri
belirlenmistir.

Materyal ve Yéntem

Bu arastirma, Canakkale ili ve ilgelerinde bulunan tarim igletmelerinin sahip oldugu mevcut
toprak isleme aligkanliklariin saptanmasi ve siirdiiriilebilir koruyucu toprak igleme yontemlerine
gegiste isletmelerin bilgi durumu ve yeni teknikleri 6grenme tercihlerinin belirlenmesi amaciyla 2019—
2020 yilinda yiiriitiilmistiir. Calisma kapsaminda veriler tarim isletmelerinde anketler yapilarak elde
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edilmigtir. Canakkale ilinin merkez il¢e disinda ikisi ada olmak lizere 11 ilgesi ve toplamda 576 koyii
bulunmaktadir (Cizelge 1) (TUIK, 2019).

Tablo 1. Distribution of agricultural population in Canakkale province, districts and villages
Cizelge 1. Canakkale ili, ilce ve kdylerdeki tarim niifusu dagilim

fige Koy Toplam Niifus Tarim Niifusu Tarim Niifusu Tarim Niifusu
(Kadin) (Erkek) (Toplam)
Merkez 52 184.631 8.882 9.986 18.868
Ayvacik 64 33.356 8.662 8.398 17.060
Bayramig 75 29.400 8.835 8.798 17.633
Biga 108 90.418 18.226 18.234 36.460
Bozcaada 0 2.988 305 325 630
Can 65 48.461 8.372 8.910 17.282
Eceabat 12 8.784 1.298 1.496 2.794
Ezine 49 30.660 8.573 8.534 17.107
Gelibolu 26 44.346 6.878 8.195 15.073
Gokgeada 9 9.440 643 738 1.381
Lapseki 40 27.838 7.571 8.165 15.736
Yenice 76 31.835 9.935 10.226 20.161
Toplam 576 542.157 88.180 92.005 180.185

Calisma tarimsal iiretimin daha yogun olarak yapildigi Merkez, Lapseki, Biga, Ezine, Can,
Bayrami¢ ve Yenice olmak iizere 7 ilcede tesadiifi drnekleme olarak yiiriitiilmistiir. Belirtilen ilgeler
de esas alinarak tarimin yogun yapildigi koyler belirlenmis ve anketler belirlenen bu kdylerde
tamamlamistir. Merkez ilcesinde Kepez, Kalabakli, Yagcilar, Saraycik, Karacadren, Yapildak, Ozbek,
Kumkale, Diimrek; Léapseki ilcesinde Umurbey, Kangirli; Biga ilgesinde Bahgeli, Giimiiscay,
Sakirbey, Idriskoru; Ezine ilgesinde Geyikli, Mahmudiye, Kumburnu, Kiz1lkdy; Bayrami¢ ilcesinde
Tirkmenli, Pinarbasi, Agackdy; Can ilgesinde Duman, Kumarlar, Ahlatliburun, Yaykin, Sameteli,
Derenti, Etili, Biiyiikpasa; Yenice ilgesinde Sametli, Pazarkdy, Korukdy ve Seyvan olmak iizere
toplam 34 kdyde bulunan tarim igletmeleriyle anket ¢alismasi gergeklestirilmistir (Cizelge 2).

Table 2. Distribution of the villages where the survey was conducted in Canakkale province and its
districts
Cizelge 2. Canakkale ili ve ilgelerinde anket ¢aligmasinin yapildigi kdylerin dagilimu

Merkez Lapseki Biga Ezine Can Bayramig Yenice
Kepez Umurbey Bahgeli Geyikli Duman Tiirkmenli Seyvan
Kalabakli Kangirh Glimiiggay Mahmudiye Kumarlar Pinarbasi Sametli
Yagcilar Sakirbey Kumburnu Ahlatliburun Agackdy Pazarkdy
Saraycik Idriskoru Kizilkoy Yaykin Korukdy
Karacadren Sameteli
Yapildak Derenti
Ozbek Etili
Kumkale Biiyiikpasa
Diimrek
9 2 4 4 8 3 4
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Canakkale ili ve ilgelerinde yetistirilen baslica iiriin dagilimlar1 Cizelge 3’te verilmistir.

Merkez ilcede bugday, arpa, zeytin, domates, musir, seftali, elma; Ayvacik ilgesinde bugday, zeytin,
domates, taze fasulye; Bayrami¢ ilcesinde bugday, arpa, elma, seftali, bag, domates; Biga ilgesinde
bugday, arpa, yulaf, ¢eltik, domates; Bozcaada 21 ilgesinde bugday, bag, zeytin, sebze; Can ilgesinde
bugday, arpa, yulaf, fig, sebze yetistirilmektedir. Eceabat ilgesinde bugday, aygicegi, domates, bag;
Ezine ilgesinde zeytin, bugday, sebze; Gelibolu ilgesinde bugday, arpa, yulaf aygigegi; Gokgeada
ilcesinde zeytin, bag, yem bitkileri; Lapseki ilcesinde bugday, kiraz, seftali, elma, sebze ve Yenice
ilcesinde bugday, domates, cilek yetistirilen iiriinlerin basinda gelmektedir (Urkmez, 2013; Ozpimnar,

2020).

Table 3. The main agricultural products grown in Canakkale province and its districts
Cizelge 3. Canakkale ili ve il¢elerinde yetistirilen baslica tarimsal {iriinler

iice Yetistirilen bashca iiriinler

Merkez Bugday, arpa, zeytin, domates, musir, seftali elma
Ayvacik Bugday, zeytin, domates, taze fasulye
Bayramic Bugday, arpa, elma, seftali, bag, domates
Biga Bugday, arpa, yulaf, ¢eltik, domates
Bozcaada Bugday, bag, zeytin, sebze

Can Bugday, arpa, yulaf, fig, sebze

Eceabat Bugday, ay¢igegi, domates, bag

Ezine Zeytin, bugday, sebze

Gelibolu Bugday, arpa, yulaf ay¢igegi

Gokgeada Zeytin, bag, yem bitkileri

Lapseki Bugday, kiraz, seftali, elma, sebze
Yenice Bugday, domates, ¢ilek

Canakkale ili ve yoresindeki, 7 ilce ve 34 koydeki 24—68 yas araligina sahip toplam 78 adet

tarimsal isletmelerle tesadiifi 6rnekleme ile birlikte 50 sorudan olusan anket ¢alismasi yapilmistir.
Hazirlanmis olan sorularin kapsaminda isletmelerden asagida verilen konu bagliklarinda bilgiler
alinmustir.

>

Y VVVVVY

Y VY

A\ 74

Isletmecinin yer aldig1 kdyiin toplam tarimsal iiretim alani, niifusu, toplam parsel (tarla) sayis
ve toplam traktdr sayisi,

Isletmecinin genel egitim durumu,

Isletmecinin aile niifus varlig1 ve tarimda calisan aile niifusu,

Isletmecinin iiriinler bazinda toprak isleme aliskanliklar1,

Isletmecinin tarimsal iiretim siirdiigii alanlarin miilkiyet ve kullanmim durumu,

Isletmecinin yabanci ot kontrol diizeyinin belirlenmesi

Isletmecinin ihtiyact olan traktdr ve tarim is makinelerinin edinilme sekli (satin alma,
kiralama, komsudan, vb.),

Isletmecinin sahip oldugu traktor, alet-makine varligi ve bunlarin kapasitesi, yas1 ve yillik
kullanim siireleri,

Isletmecinin sahip oldugu tarim is makinelerinin tarim iiretim islemlerinde kullanim durumu,
Isletmecinin toprak isleme yontemlerinden koruyucu toprak isleme kavramini bilgi seviyesini
Ogrenilmesi,

Isletmecinin makro ve mikro elementlerinin bilgi diizeyi,

Isletmecinin tarladaki an1z1 hangi yontem ile degerlendirmesi

Canakkale ili ve ilgelerinde tarimsal mekanizasyon diizeyi ve bu konu ile ilgili sorunlar

saptanmis ve bu sorunlara Canakkale yoresinin iklim, arazi ve mekanizasyon kosullar1 da géz oniinde
bulundurularak ¢6ziim onerileri getirilmistir. Verilen cevaplar Oncelikle anket formuna iglenmis,
ankette bulunmayan ve caligma sirasinda ortaya ¢ikmis Ongoriilemeyen konular ise not alinmistir.
Tesadiifi ornekleme ile yapilan anket calismalari sonucunda kisilerin beyanlar1 esas alinarak elde
edilen bilgiler bir biitiin olarak degerlendirilerek toplanan veriler MS Excel programina girilmis ve
veri taban1 hazirlanmistir. Toplanan veriler degerlendirilmis ve bulgular kisminda sunulmustur.
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Arastirma Bulgular

Calisma kapsaminda, Canakkale ili ve ilgelerinde bulunan 34 kdyde ve 78 adet tarim igletme
ziyaret edilerek anketler gergeklestirilmistir (Cizelge 2). Tarimsal isletme sahipleri ile yiiz yiize
goriisiilerek anket dosyalarina cevaplari islenmistir. Ziyaret edilen tarimsal isletme sahiplerinin egitim
durumlari, toprak analizlerinin uygulanma diizeyleri, toprak isleme aligkanliklari, yabanci ot kontrol
uygulamalari, toprak igleme aligkanliklarinin koruyucu toprak isleme ile ilgili bilgi edinme yollari, alt
yap1 temin edinme yollarina iligskin bilgiler elde edilmis ve degerlendirilmeye alinmistir.

® ilkokul mOrtaokul = Lise ®mUniversite = Okuryazar Degil

Figure 1. Educational status and distribution of agricultural business owners
Sekil 1. Tarim igletme sahiplerinin egitim durumu ve dagilimlari

Canakkale ili ve ilge kdylerinde yer alan tarim isletme sahiplerinin egitim durumlarina ait
veriler Sekil 1°de verilmistir. Anket bulgularina gore, tarim isletme sahiplerinin egitim durumlarinin
%21°1 lise mezunu, %581 ilkokul, %13’1 ortaokul, %3’ii tiniversite ve %35’1 ise okur yazar olmadigt
tespit edilmistir (Sekil 1).

Anket bulgularina gore, isletmelerde toplam 88 adet traktor tespit edilmistir. Gii¢ araliklarina
gore; 25-35 BG’ye sahip 18 adet, 35-45 BG’li 14 adet, 45-55 BG’li 11 adet traktor, 55-65 BG’li 21
adet traktor, 65-75 BG’li 16 adet traktor ve 75 BG ve lizerine sahip 8 adet traktér bulundugu tespit
edilmistir (Cizelge 4).

Tablo 4. Power ranges, numbers and ratio of tractors of management
Cizelge 4. Isletmelerin sahip oldugu traktor gii¢ araliklari, sayilart ve orani

Gii¢ Arahgi (BG) Traktor Adedi Oram (%)
25-35 18 20.45
35-45 14 1591
45-55 11 12.50
55-65 21 23.87
65-75 16 18.18
>75 8 9.09
Toplam 88 100

Bulgulara gore, 25-35 (BG) gili¢ araligina sahip traktorler %20.45°1lik, 35-45 (BG) giic
araliginda %15.91°1ik, 45-55 (BG) gii¢ araliginda %12.50’lik, 55-65 (BG) gii¢ araliginda %23.87’lik,
65-75 (BG) gii¢ araliginda %18.18’lik, 75 (BG) ve iizeri traktorlerdeki gii¢ araligi %9.09’lik dilime
girmektedir (Cizelge 4).
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Isletmelerde bulunan traktdr yas araligina gore, 4 ve daha kiigiik yas araligina sahip traktor
sayis1 7, 5-9 yas araliginda 11, 10-14 yas araliginda 15, 15-19 yas araliginda 14, 20-24 yas araliginda
8, 25-29 yag araliginda 12, 30 ve {izeri yas araliginda 21 adet traktdr bulunmaktadir. Bulgulara gore, 4
ve daha kiiciik yasa sahip traktorler genel olarak %7.75’1lik, 59 yas araliginda %12.45°1lik, 10-14 yas
araliginda %17.15°1ik, 15-19 yas aralifinda %15.10’lik, 20-24 yas araliinda %9.50’lik, 25-29 yas
araligina %13.45’lik ve 30 ve iizerine yas aralifinda %23.75’lik dilime girmektedir (Cizelge 5).

Tablo 5. Age, number and rate of tractors used by management
Cizelge 5. Isletmelerin kullanmis olduklari traktor yasi, sayilari ve orani

Yas Arahgi Traktor Adedi Oram (%)
<4 7 7.75
5-9 11 12.45
10-14 15 17.15
15-19 14 15.10
20-24 8 9.50
25-29 12 13.45
>30 21 23.75
Toplam 88 100

Anket bulgularma gore, isletmeler kulakli pulluk, diskaro, rotatiller (toprak freze), kiiltivator,
cizel, tirmik, ekim makinalar1 ve atomizer ilag makinalar kullanmaktadirlar. Kulakli pulluk sayilari
176 adet olup, bu makinalarin yag ortalamas1 34’tiir. Diskaro ve rotatillerin toplam makina adetleri ve
yas ortalamalari sirasiyla 102—7 adet ve 21-6 yasindadir (Cizelge 6).

Tablo 6. Number and age of machines used by management
Cizelge 6. Isletmelerin kullandiklar1 makina sayilar1 ve yaslari

Kullamilan Toplam makina sayisi Ortalama makine yas1
Makinalar (adet) (y1l)

Kulakli pulluk 176 34

Diskaro 102 21

Rotatiller (toprak freze) 7 6
Kiiltivator 8 12

Cizel 124 18

Tirmuk 18 16

Ekim makinasi 41 23

Bahge Atomizorii 32 14

Isletmelerde 8 adet kiiltivator bulunmakta ve yas ortalamalar1 12°dir. Cizel makinas1 ise 124
adet olup, yas ortalamas1 18°dir. Isletmelerde 16 yas ortalamasina sahip 18 adet tirmik bulunmaktadir.
23 adet yas ortalamasinda 41 adet ekim makinalari, 14 yas ortalamasina sahip 32 adet atomizer ilag
makinas1 oldugu belirlenmistir (Cizelge 6).

Isletmecilerin alet ve makina yas ortalamalari ve toplam makina sayilar1 (Cizelge 6)’da
verilmektedir. Alet ve makina kullanim kosullari, arazinin durumu vb. etkenler dikkate alinarak metal
yorgunluklar1 meydana gelebilecegi 6n goriilmektedir. Isletmecilere alet ve makinalarin kullanim
kosullarina gore belli periyotlarda bakimlarini yapmalari iizerine tavsiyede bulunulmustur.

Ciftci Kayit Sistemi (CKS); Gida Tarim ve Hayvancilik Bakanligi tarafindan olusturulan aktif
olarak tarimsal faaliyette bulunan ciftcilerin 6zliik bilgileri, sahip olduklar1 varliklar (arazi, hayvan,
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girdi vb.), ortalama verimlerin kayit altinda tutuldugu, tarimsal desteklemelerin izlenebilir,
denetlenebilir, raporlanabilir ve sorgulana bilirliginin saglanmasini; dogru ve saglikhi
degerlendirilmelerin yapilabilmesi icin cift¢i bilgilerinin merkezi bir veri tabaninda toplanmasin
zorunlu kilan bir kayit sistemidir (Cizelge 7).

Tablo 7. Number of farmers registered in the farmer registration system in Canakkale province,
districts and villages
Cizelge 7. Canakkale ili, ilge ve koylerdeki cift¢i kayit sistemine kayitl ¢ift¢i sayisi

Kayith Ciftci

. Toplam Tarimsal Sisteme Kayith
Iiceler Kaéyler . Sayisi
Niifus Isletmeler Ciftci Sayis1
(Defter Kaydi)

Merkez 52 184.631 4.377 1.887 1.887
Ayvacik 64 33.356 3.744 1.660 1.660
Bayramig 75 29.400 3.251 2.268 2.268
Biga 108 90.418 9.486 3.633 3.633
Bozcaada 0 2.988 187 164 164
Can 65 48.461 3.246 1.331 1.331
Eceabat 12 8.784 938 695 695
Ezine 49 30.660 6.669 2.124 2.124
Gelibolu 26 44.346 3.769 2.098 2.098
Gokegeada 9 9.440 564 325 325
Lapseki 40 27.838 3.532 1.748 1.748
Yenice 76 31.835 6.410 1.846 1.846
Toplam 576 542.157 46.173 19.779 19.779

(Anonim, 2019).

T.C. Tarim ve Orman Bakanlig1 tarafindan yiiriitiilen Cift¢i Kayit Sistemi (CKS) uygulamalari
Tarim Reformu Uygulama Projesi (ARIP) kapsaminda 2001 yilinda Dogrudan Gelir Destegi
caligmalar1 ile birlikte baglanmustir. CKS uygulamalart 2005 yilma kadar her yil yayimlanan
tebliglerle, 2005 yilindan 2014 yilina kadar 16.04.2005 tarih ve 25788 sayili Resmi Gazete’ de
yaymlanarak yiirtrliige girmistir. 2014 yilindan itibaren 27 Mayis 2014 tarih ve 29012 sayili Resmi
Gazetede yayimlanarak ylriirliige giren Cift¢i Kayit Sistemi Yonetmeligi hiikiimlerince
yiiriitiilmektedir. Canakkale ili, ilceleri ve koylerinde tarim isletmelerindeki Ciftci Kayit Sistemine
kayith ¢iftci sayilar (Cizelge 7)’da verilmektedir (Anonim, 2019).

Anket sonuglart dogrultusunda, CKS’ne kayith isletmeci sayis1 %35°1 gegmemekle birlikte,
devlet desteklerini yeterli bulmadiklari ve bu sistemi ilk kez duyduklar1 belirtmislerdir (Sekil 2).

CKS, ciftcilere yararlarinin ve arazi sahibi olmalar1 veya kiraladiginda kira sézlesmelerinin
yeterli oldugu, 18 yas ve iizeri kisilerin sisteme kayit yaptirabileceginin bilgisi verildi. Isletmecilerin
beyanlarina gore, internet ve televizyon programlarindaki tarim kanallarindan giincel bilgilerden ¢ok
fazla bilgi sahibi olmadiklari tespit edilmistir.
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B CKS'ne Kayitl isletmeci ® CKS'ne Kayitl Olmayan Isletmeci

Figure 2. Registration status of the operators in the farmer registration system
Sekil 2. Isletmecilerin ¢iftgi kayit sistemine kayit olma durumlari

Isletmecilerinin beyanlarina gore, birgogunun devlet destekleri hakkindaki bilgilerinin
televizyon aracilifiyla haber kanallari, tarim programlariyla ve ziraat odalari tarafindan da
bilgilendirildikleri belirlenmistir. Bununla birlikte isletmecilerin birkaginin da mevcut alet ve
makinalar ile {iretim yaptiklar1 ve bu konu hakkinda bilgi sahibi olmadiklar1 saptanmustir.

Toprak isleme konusunda anketler verilerine gore, isletmecilerin %951 geleneksel toprak
isleme sistemini uyguladiklar1 ig¢in yakit ve alet-makina trafiginin fazla olmasi sebebiyle {iriin
veriminin azalmasi gibi etkenler sonucunda hem toprak kalitesinin bozulmasina hem de elde edilen
kazancin da diigmesiyle iiretim girdilerini karsilayamadiklar1 ve zarar ettiklerini ifade edilmistir.
Ancak sebebi isletmecilerin %95°1 geleneksel toprak isleme sistemini uygulamasidir. Isletmecilere
koruyucu toprak isleme uygulamalarimin degerlendirmeleri, topragin siirdiiriilebilirligi, iiriin verimi ve
kalitesinin artmasi, iscilik ve iiretim girdilerin azaltilmasi gibi konular1 ayrintili sekilde isletmecilere
bilgiler aktarilmistur.

Anket bulgularina gore, isletmeciler iiriinlerinin ¢ogunu depoladiklarini, geriye kalanlarinin da
tohum, mazot, giibre, ila¢ vb. tliretim girdilerini 6demek i¢in sattiklarin1 dile getirmigledir.
Isletmecilerin %95’i yogun toprak islemeye yer veren geleneksel toprak isleme sistemi ile iiretim
yaptiklar1 sebebiyle, arazilerinin toprak organik madde iceriginde, nem oraninda, toprak element
miktarinda (N,P,K vb.) azalmalar meydana gelmektedir ve bu da toprak verimini ve kaliteyi
azaltmaktadir. Geleneksel toprak islemenin olmasi topragin sikisma ile birlikte toprak suyunun
infiltrasyon hizi diismektedir. Bu, yiizey akisi yoluyla su ve toprak erozyonuna neden olmaktadir.
Tesviyesi iyi olan arazilerde drenajin kotii olmasi yiiziinden su, tarla ylizeyinde uzun siire
kalabilmektedir. Toprak sikigsmasi ile birlikte, bitki besin elementleri dinamigi de degisebilmekte;
amonifikasyon, nitrifikasyon ve genellikle azot fiksasyonu azalmaktadir (Bal, 1985). Bu eksiklikleri
ve olumsuzluklar gidermek i¢in asir1 besleme ve ilaglama yiiziinden girdilerin iyice yiikseldigi ve
karhilik oranmin diiserek zaman zaman zarar edebildikleri goriilmiistiir. Isletmecilerin tarimsal
iiretimlerinde koruyucu toprak isleme uygulamalarina gecis saglayarak, toprakta iiretime uzun vade de
etken olabilecegi ve toprak verimi ile kaliteyi artirabilecegi hakkinda bilgiler aktarilmigtir. Bu bilginin
ve bilincin artmasiyla hem siirdiiriilebilirlik hem de karlilik yiikselecektir.

Anket bulgularinda gore, isletmecilerin %60’1 taban tas1 kavramim ilk kez duydugu
belirlenmistir. Isletmedeki ananevi toprak islemeden kaynaklanan toprak sikismalarindan dolay1
toprak isleme sayisinin arttigini, makine alet ve ekipmanlarinin da asinmalarindan, iiriin veriminin
azligindan dolay1 ekonomik olarak etkilendigini dile getirmislerdir. Aslinda bu ifade iizerine taban tas
problemi ile karsi karsiya geldikleri ancak taban tasi terimini bilmedikleri sonucuna varilmustir.
Isletmecilere asir1 toprak isleme dzellikle tav dis1 kosullarda yapilirsa toprakta ufalanmaya ve daha ¢ok
sikismaya yol acabilecegi ifade edilmistir. Asir1 toprak isleme ile topraklardaki havalanma 6zellikle
topragin {ist tabakalarinda daha yogun bulunan organik madde hizla parcalanip ayrismaya baslamasi
ve bitki besin degerinin diigmesine sebep olacaktir. Her seye ragmen asin toprak igleme yapilacaksa
topraklarda hizla kaybolan organik maddenin yerine takviye organik giibreleme mutlaka yapmalari ve
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yesil giibreleme de yapmalarii tavsiyede bulunulmustur. Organik madde, topraklarin en onemli
bilesenlerinden biri oldugu, toprak kalitesini ve iirlin verimini arttirabilecegi bilgisi verilmistir.

Isletmecilerin yesil giibreleme yaptiklarii ama az sayida uyguladiklarmi ifade etmislerdir.
Yesil gilibreleme yerine giibreleri disaridan katki olarak sivi ya da kati sekilde ilave ettiklerini
belirtmislerdir. Yesil gilibreleme icin yetistirilen bitkiler topragin derinliklerinden ve atmosferden
aldiklar1 bitki besin maddeleri ile topragin {ist kisimlarinin zengin hale gelmesine yardim etmektedir.
Ozellikle derin koklii (baklagiller) yesil giibre bitkileri toprag fiziksel &zelliklerini diizelterek
topragin graniiller bir yap1 kazanmasini, ¢abuk tava gelmesini ve tavin1 da uzun siire muhafaza
etmesini saglamaktadir. Bu bakimdan yesil giibrenin 6zellikle agir ve islenmesi gii¢ olan topraklar icin
ayr1 bir 6nemi bulunmakta olup, yesil giibre hafif topraklarin fiziksel 6zelliklerini de iyilestirmektedir.
Ayn zamanda yesil giibreleme i¢in kullanilan bitkinin azot kapsamina bagli olarak topraga 6nemli
oOlgiide azot verilir. Yesil giibreleme de 6zellikle baklagiller bitkilerinin kullanilmasi durumunda bu
miktar ¢cok daha fazla olmaktadir. Yapilan arastirmalar sonucunda, yesil giibreleme amaciyla ekilmis
baklagiller, yem bitkilerinin dekara yaklasik 10-30 kg N (azot) sagladigini gdstermistir (Anonim
1975, Anonim 1996).

Derin koklii olan yesil giibre bitkileri toprak icerisinde cok sayida kanallar meydana
getirmekte ve bu kanallar vasitasiyla topraktaki havanin daha kolay sirkiilasyonunun ve suyun
hareketliliginin artmasina neden olmaktadirlar. Yesil giibreleme ile topragin organik madde kapsami
da arttirilmaktadir. Amaca uygun olarak yapilan yesil giibre uygulamasi 6zellikle organik madde ve
azot kapsamlar1 diisiik ve fiziksel Ozellikleri yetersiz topraklar icin yararli olmakta, ayrica
verimlilikleri yiiksek ve fiziksel ozellikleri de yeterli bulunan topraklarda da organik madde
seviyesinin devamli olarak korunmasi bakimindan olumlu etki yaptig: ifade edilmistir (Chaves ve ark.,
2004).

Isletmecilerin tarla bitkileri acisindan %78’ topraklarin1 nadasa birakmadiklarmi ara {iriinii
yetistirdiklerini ifade etmislerdir. Ara iiriin olarak %88’i silajlik musir, %121 aygicegi bitkilerini
iiretmislerdir. Isletmecilere yagisin yetersiz oldugu durumda toprakta nem biriktirmek, topraktaki
yabanci otlar1 yok etmek, aniz ve bitki artiklarmin ¢iirlimesiyle birlikte toprakta organik madde
birikimini saglamak ve topragin biyolojik, fiziksel ve kimyasal ozelliklerini gelistirmek amaciyla
yapilabilecegini bilgisi verilmigtir.

Isletmecilerin %72’i toprak analizi yaptirdiklari, %28’i ise toprak analizi yaptirmadiklari
sonucuna ulasilmstir (Sekil 3). Toprak analizi ekilecek lirline gore alinan numuneler de elde edilen
veriler sonucunda irlinlin ihtiyaglar1 dogrultusunda ilave giibreleme islemi i¢in net bilgiler
verilmektedir.

u Toprak Analizi Yaptirmayanlar

B Toprak Analizi Yaptiranlar

Figure 3. Soil analysis status of the operators
Sekil 3. Isletmecilerin toprak analiz yapma durumlari
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m Bitki Besleme Programi Yapanlar

m Bitki Besleme Programi Yapmayanlar

Figure 4. Situation of plant nutrition program of enterprises that have soil analysis
Sekil 4. Toprak analiz yaptiran isletmelerin bitki besleme programi yaptirma durumlari

Toprak analizi yaptiran isletmecilerin %48’1 bitki besleme programini uyguladiklarini ifade
etmislerdir (Sekil 4). Bilingsiz sekilde islem yapildiginda iiriin i¢in yeterli besin ve mineral takviyeleri
fazla ya da az gelmesiyle iirline yanlis uygulamalar yapilacagi hakkinda bilgiler verilmistir.
Isletmecilerin %341 iiniversitelerde, %59’u ziraat odalarinda ve %7’si diger kurumlarda toprak
analizlerini yaptirdiklar tespit edilmistir (Sekil 5).

® Universite ™ Ziraat Odalari Diger Kurumlar

Figure 5. Institutions and organizations that enterprises have soil analyzes made
Sekil 5. Isletmelerin toprak analizlerinin yaptirdiklari kurum ve kuruluglar

Yabanci otlarla miicadelede, isletmecilerin %56’s1 sadece mekanik olarak topraga karistirma
islemi uyguladiklari, %34°1 kimyasal, %5°’1 biyolojik ve %5’1 fiziksel olarak miicadele ettikleri tespit
edilmistir (Sekil 6). Isletmeciler geleneksel toprak isleme uygulamalari fazla olmasiyla yabanci otlart
toprak islemede topraga karistirma islemi uyguladigini ve gerekli duydugunda ise herbisit
kullandiklarini ifade etmislerdir.
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m Mekanik m Kimyasal Fiziksel Biyolojik

Figure 6. Weed control methods of businesses
Sekil 6. Isletmelerin yabanci ot kontrol yontemleri

Isletmecilerin %5°lik kismu da fiziksel ydntem olarak tavsiye de bulunulmasa da hasattan
sonra aniz yakma islemi uyguladiklarin1 belirlenmistir. Biyolojik olarak bocekler veya ana iiriinii
etkilemeyecek yabanci ot i¢in bitkisel miicadele uygulamalari yaptiklari ifade edilmistir (Sekil 6).

® Dogrudan Ekim ® Koruyucu Toprak isleme = SifirToprak Isleme

Figure 7. Different tillage knowledge levels
Sekil 7. Farkli toprak isleme bilgi seviyeleri

Isletmecilerin toprak isleme kavramlarinin da bilgi diizeyleri kiiltiirel ve ananevi
aliskanliklarin arkasina sigmarak kendilerini gelistirmekten kagindigir goriilmistiir. Toprak isleme
kavramlarmin bilgi diizeyleri %60°1 koruyucu toprak isleme, %16’s1 sifir toprak isleme, %24’u
dogrudan ekim yontemlerini duyduklarini ama uygulama yapmadiklarini belirtmislerdir. (Sekil 7).
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m Bireysel ® Tarim Uzmanm = Aile

Figure 8. Sources of influence of tillage habits
Sekil 8. Toprak isleme aliskanliklarinin etkilenme kaynaklari

Toprak isleme aligkanliklarinin tercihlerinde isletmecilerin %95 i toprak islemenin geleneksel
yontemler olarak %81°1 ailesinden 6grendikleriyle, %14’l kendi kararlar1 etkili oldugu ve %S5 i de
tarim uzmanlar1 tarafindan etkili oldugu saptanmistir (Sekil 8).

15% 33%

23%

Internet ® Televizyon = Tarim il Miid. = Tarim Uzmanlar1 ® Diger

Figure 9. Information resources of tillage systems
Sekil 9. Toprak igleme sistemlerinin bilgilendirilme kaynaklari

Anket sonunda igletmecilerin koruyucu toprak isleme yontemi konusunda bilgilendirilmeler
yapilmustir. Isletmecilerin %15’i tarim uzmanlarindan, %23’ii Tarim ve Orman Bakanlig1 il ve ilge
miidirliikleri tarafindan bilgilendirilmesi, %51’inin koruyucu toprak isleme de en etkili ve akilda
kalic1 bilgilendirme yolu tercihinin televizyon ve internet oldugu saptanmstir (Sekil 9).

Isletmecilerin %24’{i koruyucu toprak isleme ydntemlerine gegis icin bilgilendirme, makina
alt yapis1 ve akaryakit gibi hibe desteklerinin devlet tarafindan saglanmasini istediklerini, %16’1
kooperatifler, %13 miiteahhit, %7 komsular, %40°1 kendilerinin satin aldigin1 belirtmislerdir. Anketler
esnasinda koruyucu toprak islemenin zaman igerisinde kalitenin ve verimliligin artacagini bununla
birlikte karliligin artacagini, koruyucu toprak islemede toprak islemenin azalacagindan dekar basina
yakat tiiketimi, is¢ilik maliyetleri azaltabilecegini, topragi koruyacagini ve siirdiiriilebilirlik kavramlar
hakkinda bilgilendirmeler yapilmistir (Sekil 10).
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m Hibe Destekleri ®Satin Alma = Kooperatif Miiteahhit = Komsular

Figure 10. Ways of obtaining tools and machinery to be used in protective soil cultivation
Sekil 10. Koruyucu toprak islemede kullanilacak alet ve makina temin edinme yollar1

Anketler esnasinda koruyucu toprak islemenin zaman igerisinde kalitenin ve verimliligin
artacagini  bununla birlikte karliligin artacagini, koruyucu toprak islemede toprak islemenin
azalacagindan dekar basina yakit tiiketimi, igcilik maliyetleri azaltabilecegini, topragi koruyacagini ve
siirdiiriilebilirlik kavramlar1 hakkinda bilgilendirmeler yapilmistir.

Tartisma ve Sonug

Calismalar sonucunda elde edilen bilgiler genel olarak degerlendirildiginde, Canakkale il ve
yoresinde isletmecilerin koruyucu toprak isleme yontemleri hakkinda bilgi diizeylerinin ¢ok diisiik
oldugu saptanmistir. Aragtirmalar sirasinda egitim seviyelerinin yiiksek olan kisimlarda tedirginlik ve
imkansizliklar saptandigi lakin bilgilendirmeler dogrultusunda isletmecilerin ¢ogunlugu yenilige agik
oldugu destekler ve imkanlar dogrultusunda koruyucu toprak islemeye meyilli olduklar1 goriilmiistiir.

Gelismekte olan iilkelerde konu hakkinda daha onceden de yapilmis olan caligmalar
dogrultusunda koruyucu toprak islemeye gecis siirecinde, isletmecilerin bilgilendirilmesi ve
bilinglendirilmesi olduk¢a 6nemli oldugu belirtilmistir. Calismamizdaki yapilmis olan arastirmalar
dogrultusunda Canakkale ve yoresinde koruyucu toprak isleme yontemlerini kabullenmede
kargilagilacak geleneksel ve Kkiiltiirel direncin ve On yargmin kirilmasmin ¢ok 6nemli oldugu
bildirilmektedir (Lal, 2007; Cay ve ark., 2015).

Diinya da oldugu gibi, topragi koruyan ve siirdiirebilirligin hedef alindig1 ¢aligmalara olan
ilgilinin hizla artmasi gerekir. Bu siire¢, Oncelikle sosyoekonomik ve endiistriyel kalkinmanin
tamamlanmasiyla baslar. Koruyucu toprak islemeli tarima geg¢is icin karsilagilacak zorluklar;

1) Gelenekleri ve 6nyargilart yikmak

2) Nasil basariyla yapilacagini 6grenmek

3) Uygun makine ve donanim edinme

4) Uygun herbisitler konusunda bilgilenme

5) Koruyucu toprak isleme yontemlerinin kabullenilmesi amaciyla egitimler ile maddi destek
ve politik dnlemlerin alinmasi seklinde siralamiglardir (Derpsch ve Friedrich, 2009).

Koruyucu toprak islemede karsilasilacak en biiyiik etkenlerden biri de yabanci ot kontroliidiir.
Koruyucu toprak islemeye geciste yabancit ot kontroliiniin dogru sekilde uygulanmasinin bilgi
diizeyinin diisiik olmasidir (Ozpinar ve Ozpnar, 2011). Bu sebepten dolay: isletmecilerin egitim ve
uzman destegi ile ¢oziilebilir. Geleneksel ve kiiltiirel direncin kirilmasi Oncelikle isletmecilerin
sosyoekonomik durumlarinin yiiksek olmas1 yani gelir durumlarinin yiiksek olmasi gerekir. Bu gegis
siirecinde devlet destekleriyle isletmecilere destek olunabilir. Isletmecilere toprak analizi, yabanci ot
kontrolii, makine ve ekipman, yakit destegi, giibre, tohum vb. devlet destekleri gegis siirecinde yararli
olacaktir. Arastirmalarin sonucunda giiniimiizde toplumu bilinglendirmesinde en etkili yol olan
televizyon ve internet olacaktir.

Ancak bu kaynaklarda uzman olmayan kisiler tarafindan amatdrce hazirlanan bilgi ve
gorsellere rastlamakta miimkiindiir. Tarim ve Orman Bakanligi il miidiirliikleri ve Universitelerimiz
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alaninda uzman kisilerce hazirlanan bilgi ve gorsellerinin kullanilmas1 ve diger bilgi kirliliginde
temizlenmesi gerekmektedir.

Aragtirmanin uygulandigi Canakkale ve yoresinde elde edilen bilgilerin, daha genis
caligmalarla iilke ¢apinda yapilmasi ve sonuclarin degerlendirilerek bir plan hazirlanmasinin gerekli
oldugu goriilmektedir. Zaman kaybetmeden lilke ¢apinda Koruyucu toprak islemeye gegis icgin
projeler, TV programlari ve internet tabanli calismalar baslatilmalidir. Koruyucu toprak isleme
konusundaki proje, deney ve test sonuglari dogrultusunda arastirmacilara diisen goérev bilimsel
yaynlarla birlikte, isletmecilerin dogrudan ulasabilecegi diger etkili kaynaklar yoluyla yaymak hem
siirdiiriilebilirlik ve hem de karlilik i¢in ¢ok 6nemli olacaktir.

Arastirmacilarin Katki Oram Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamistir.

Cikar Catismasi Beyam

Makale yazarlar1 aralarinda herhangi bir ¢ikar catismasi bulunmamaktadir.

Not:Bu ¢alisma birinci yazarin Yiiksek Lisans Tezine ait bazi verilerden olusturulmustur.
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Abstract

Global climate change has rapidly changed consumers’ attitude and behavior toward food products by
affecting significantly their supply and demand. In this context, the study was planned to determine the main
factors affecting Erzurum Stuffed-kadayif purchasing decisions of Turkish consumers. The maim material of the
research was obtained from 385 households residing in Erzurum, Turkey in 2019. Exploratory Factor Analysis
and Two-step Cluster Analysis were used to explore Turkish consumers’ Erzurum Stuffed-kadayif purchase
decisions at its retailers. The results of the research highlighted that while consumers consuming this product at
the local restaurants or buying from the retailers satisfied fairly high from hedonic quality attributes under the
sensory perception, those consuming the product at the local patisseries also provided a higher hedonism
satisfaction by focusing on their willingness to consume healthy food. Similarly, consumers purchasing Erzurum
Stuffed-kadayif from the local manufacturer stores tried to contribute considerably to sustainable food supply
and consumption with entrocentrism approach by considering emotional food perception under food safety and
security making possible to consume healthy food. Consequently, it should be improved appropriate positioning
and segmentation strategies according to the purchase decisions of each consumer segment, and then they should
be also able to implement.
Keywords: Cluster Analysis, Erzurum Stuffed-kadayif, Exploratory Factor Analysis, Hedonic and sensory
attributes, Purchase decision

Tath Perakendecilerinde Cografi Isaretli Erzurum Kadayif Dolmasina
Yonelik Tiirk Tiiketicilerin Satin Alma Kararlari
Oz

Global iklim degisiklikleri, gida triinlerinin arz ve taleplerini 6nemli Glglide etkileyerek, tiiketicilerin
gida iriinlerine yonelik tutum ve davranislarint hizli bir sekilde degistirmistir. Bu kapsamda arastirma, Tiirk
tiketicilerin Erzurum Kadayif Dolmasi satin alma kararlarini etkileyen ana faktorleri belirlemek igin
planlanmistir. Aragtirmanin ana materyali, 2019 yilinda Erzurum’da ikamet eden 385 hane halkindan elde
edilmistir. Kesfedici Faktor Analizi ve iki Asamali Kiimeleme Analizi, geleneksel tathlar1 arz eden
perakendecilerden tiiketicilerin Erzurum Kadayif Dolmasi satin alma kararlarmi etkileyen faktorlerin
belirlenmesi i¢in kullanilan arastirma modellerini ifade etmektedir. Arastirmanin sonuglari; yerel restoranlarda
bu iriinii tiiketen ya da perakendecilerinden satin alan tiiketicilerin duyusal algilar1 altinda hazci Kalite
niteliklerinden daha yiiksek memnuniyet saglarken; yerel pastanelerde bu iiriinii tiiketen tiiketiciler ise saglikl
gida tiiketme istekliligi lizerine odaklanarak daha yiiksek bir hedonizm memnuniyeti saglamig olduklarina isaret
etmistir. Benzer sekilde, yerel kadayif dolmasi imalatgilarinin satis magazalarindan bu mamulii satin alan
tiketiciler, saglikli gida tiiketilmesini olanakli kilan gida giivenligi ve giivencesi altinda duyusal kalite algisini
dikkate alarak merkezi milliyet¢ilik yaklagimi ile gida arz ve tliketimini siirekli kilabilmek i¢in anlamli bir
sekilde katki saglamaya caligmislardir. Sonug olarak, her bir tiiketici gruplarinin satin alma kararlarina gore
uygun konumlama ve bdliimleme stratejileri gelistirilmeli ve daha sonra bu stratejiler uygulamaya konulmalidir.
Anahtar Kelimeler: Kiimeleme Analizi, Erzurum Kadayif Dolmasi, Kesfedici Faktor Analizi, Hazc1 ve duyusal
nitelikler, Satin alma karari
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Introduction

In recent years, there has considerably maintained a change on consumers’ food consumption
preferences and purchase decisions under the negative effects of global climate change due to lower
yield and quality attributes suffered in plant and livestock products, biodiversity losses, possible risk
factors on food safety and security at food life cycle from the farms to the retailer shelves, negative
consumer perceptions about emotional food quality attributes, as well as negative impacts on human
health and the environment (Bernabeu et al., 2023; Bouranta et al., 2023; Mesias et al., 2023).

Under the impact of the Covid-19 pandemic and the Ukraine and Russia war along with the
negative effects of climate change, while global wheat production and stocks decreased from 764 and
284 million tons in 2019 to 769 and 271 million tons in 2022, wheat consumption increased from 741
million tons to 782 million tons (TEPGE, 2022). In response to the decreases in both global wheat
production and current stocks, a significant increase in global wheat consumption was also observed in
view of the trend figures. Consequently, this situation has indicated the existence of a serious problem
in meeting consumer demands of wheat supply worldwide and a large supply gap in the future if the
necessary preventive and adaptation studies are not carried out to an adequate extent.

Wheat production in Turkey was 19.00, 17.65 and 19.80 million tons in 2019, 2021 and 2022
respectively, whereas domestic wheat consumption was given as 20.00, 19.01 and 19.00 million tons
(TEPGE, 2022). In particular, it was abnormally caused the product prices to increase with the effects
of the panic buying by narrowing the supplies of wheat and bakery products under the negative
impacts of ongoing climate change and the Covid-19 pandemic hitting 2019 (Arafat et al., 2021).
Indeed, while the average annual wheat price was b1.5 kg™ in 2018, it increased to about 5.5 kg? in
2022 (PTB, 2022). The dramatic increases in wheat price at commodity markets caused wheat flour
prices trading from b1.76 kg* in 2018 to increase by 17.7 kgt in 2022 (PTB, 2022a). Manufacturing
cost increase resulting from excessive rises in the prices of Stuffed-kadayif ingredients such as sugar,
walnuts, pistachios and hazelnuts, along with the price of the flour being the main input of Erzurum
Stuffed-kadayif, therefore, caused the price per kg to rise from 15 ($2) in 2019 to 5140 ($7) in 2023.

On the other hand, besides the natural risk factors being of a negative impact on agriculture
and agricultural food industry, when the macroeconomic data taken into consideration for 2022-2023
years in Turkey, the consumer price index (CPI) and food price increases (food inflation) were
annually realized as 50.51 and 67.89% (TUIK, 2023). The annual increases in the producer price index
(PPI) and food input prices were calculated as 62.45% and 88.38%, respectively (TUIK, 2023a). The
pressures of these inflationary and natural risk factors caused the food prices to increase dramatically
with the contraction in the economy by increasing the production costs, and then the formation of
social welfare losses created by the contraction in demand resulting from the real decline in consumer
incomes. This situation caused an excessive increase in the share of consumer incomes allocated to
mandatory food needs in the expenditure budget and their willingness to pay categorically changed
significantly depending on the marketing mix.

It was reported that consumers’ psychographic factors on their food purchase decisions had a
much greater impact than their socioeconomic ones such as gender, age, education, profession on their
attitudes and behaviors patterns (Harguess et al., 2020; Graham and Ambrahamse, 2017). Therefore,
consumers' individual factors (attitude and value, knowledge and skill, emotion and cognitive level,
taste, demographic factors), their sociocultural attributes (culture and belief, social norm and status),
and the external factors (political and economic factors related to food marketing environments) must
be assessed rationally their food purchase patterns so that it could be mitigated major impacts of
climate change caused by their food consumption (Chen and Antonelli, 2020; Harguess et al., 2020).

Consumers trying to meet their food needs under the effects of climate change have rationally
tried to shape their food choices and purchase decisions at retail levels by taking into account not only
the extrinsic and intrinsic food attributes but also the negative progressions in Turkish economy in the
last years. It was reported in the previous researches that it was firstly attempted to determine
consumers' purchase patterns by having been taken into account the extrinsic food attributes, a part of
the marketing mix focused on consumers’ visual sense (price, brand, labelling, package weight and
size, geographical indications, purchase convenience, reaching to retailers, conformity and comfort at
retail stores, health claims) (Carvalho and Spence, 2023; Edenbrandt and Nordstrom, 2023;
Fakhreddine and Sanchez, 2023; Petrontino et al., 2023; Yeh and Hirsch, 2023; Zanchini et al., 2023;
Zeng et al., 2023), and then the intrinsic food attributes based on a variation of the nutritional
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composition at farming and manufacturing process (taste, aroma, flavor, color, texture, appearance,
sound, content or ingredient, juiciness, sweetness) (Bejaei and Xu, 2023; Fakreddine and Sanchez,
2023; Giannoutsos et al., 2023; Kleih et al. 2023; Lavui et al., 2023) impacting on their purchase
models at retail levels.

Especially, when making consumers’ food purchase decisions based on their hedonic
experiences or extrinsic food quality perceptions, it was emphasized that they make purchasing
decisions to a large extent by taking into account the marketing mix such as the region of origin and
prices (Bernabeu et al., 2023; Chaffee and Ross, 2023; Topcu and Cavdar, 2022), the food brands and
their communication tolls (Bernabeu et al., 2023), food packaging and label knowledge (Chaffee and
Ross, 2023) and the retailers and their positioning strategies (Bytyqi et al., 2023; Curutchet et al.,
2023; Seo and Kim, 2023), and thus their willingness to pay was also much higher for the food
products providing higher extrinsic quality satisfaction.

In these studies based on consumers’ food purchasing decisions, it was pointed out that the
extrinsic food attributes were the major determinant of their willingness to buy at food retailers and
also provided vital information about their socioeconomic attributes. It was also reported that there
were much stronger relationships between the intrinsic food attributes and consumers' willingness to
pay for them including product brands, the region of origin, packaging, labelling, and reaching to
retailers, store comfort and convenience.

Within the scope of the current research, the extrinsic and intrinsic food attributes impacting
on consumers’ consumption preferences and purchase decisions towards Erzurum Stuffed-kadayif
could shape their purchase patterns. In this context, the aim of the study is to determine the purchase
decision indicators based on the intrinsic and extrinsic food attributes for homogeneous consumer
segments consuming Erzurum Stuffed-kadayif with protected geographical indication sold at food
retailers in Erzurum, and then to create customer-oriented marketing strategies for each consumers
cluster.

Materials and Methods

Material

The main material of the study consisted of primary data obtained from face-to-face
questionnaires conducted with the households in Erzurum covering Yakutiye, Aziziye and Palandoken
Central Districts, consuming Erzurum Stuffed-kadayif with Protected Geographical Indication (PGI)
in 2019. In addition to primary data, secondary data were obtained from the data of various statistical
institutions and organizations (TUIK, FAO, Erzurum Chamber of Commerce, Commodity
Exchanges), as well as domestic and foreign scientific research project reports and article findings and
results.

Methods

Method used to determine the sample size

In order to ensure the homogenous participation of the households consuming Erzurum
Stuffed-kadayif in Erzurum, the city were divided into three central districts; Yakutiye, Aziziye and
Palandoken (44.325, 14.818 and 38.674 households), respectively and then the sample size in
Equation 1 was calculated with the Simple Random Sampling Method (Malhotra, 1993).

Z?-p-(1-p)
In Equation 1,

n: Sample size

Z: Standardized Z value (at 95% confidence interval, 1.96)

p: Erzurum Stuffed-kadayif consumption probability (0.50)

c: Error term (+ 0.05)

The survey numbers under the proportional techniques were calculated as 175 in Yakutiye, 58
in Aziziye and 152 in Palandoken, and totally 385 households in Erzurum by taking into account the
sample size and the number of households in each district.

Method used for preparation of questionnaire forms
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In order to design the attitude scale related to the intrinsic and extrinsic food attributes that
determine consumers' purchase decisions consuming Erzurum Stuffed-kadayif in Erzurum were
utilized from the domestic and foreign studies related to the research scope and context. The scale was
firstly designed with 57-psychographic items impacting on their Erzurum Stuffed-kadayif purchase
decisions, and then it was asked from consumers participated in the survey to mark each statement on
the attitude scales with 5-point Likert Scale (1: no important, 3: neutral/undecided, 5: very important).

Methods used in statistics analyses

In the first step, Explanatory Factor Analysis (EFA) was used to determine the main factors
impacting on their Erzurum Stuffed-kadayif purchase decisions. The EFA is a multivariate statistical
dimension reduction technique trying to create a small number of unrelated, but conceptually
meaningful new factors (Civelek, 2020; Bursal, 2019). Hierarchical steps for the EFA were followed
to test the suitability of the data, to determine the main factor number, to perform the rotation
(transformation) techniques, to identify main factors, to calculate the explained and cumulative
variances for each factor dimension, respectively.

In order to investigate the data suitability of the sample mass according to the main population
for the EFA, Kaiser-Meyer-Olkin (KMO) and Bartlett's test of Sphericity were used in the research.
KMO, the adequacy criterion of the sample size should be in acceptable confidence interval (between
0.50 and 1.00). On the other hand, the correlation matrix should be different from the unit matrix in
Bartlett's test of Sphericity explaining the relationship among the variables depending on the
correlation matrix calculated between each pair of variables.

Whereas determining the main factor number with the EFA used Maximum Likelihood
extraction method in the study, the factors with Eigenvalues greater than 1 or equal to 1 were
statistically taken into consideration. Rotation technique was also used to be able to give easily the
factor names, and to eliminate the variable overlaps in factor matrices. In the rotation process, the
factors in the axes are rotated so that reducing the variable loads to optimal levels. Rotation could be
applied in two groups as vertical (orthogonal) and oblique rotation. While it could be minimized the
relationships among the factor dimensions at vertical rotation, it could be accepted the relative
relations among them at oblique rotation. It is often used the Varimax, Quartimax and Equamax
methods for vertical rotation techniques, however, it is generally used direct Oblimin and Promax
methods for oblique rotation ones. In this study, therefore, it was applied the vertical rotation
technique and Varimax method to minimize the relationships among the factors.

On the other hand, to retain and select the items under each factor dimension on rotated
component matrix in the EFA, the factor loads with range 0.30 and 0.50 score are generally accepted
for the cut-off threshold of the items depending on number of the items on scaling instrument and
sample size reflecting main population (Civelek, 2020; Bursal, 2019). These authors suggested that,
thus, if the sample size was more than 300 cases, the cut-off threshold of factor load was accepted as
0.30, also if the sample size was between 300 and 200 cases and between 200 and 150 cases, the cut-
off thresholds of factor loads would be considered as 0.40 and 0.50, respectively.

In the second step, it was used the cluster analysis, two-step cluster analysis, dividing a
heterogenic target mass into two or more homogeneous segments by taking into account their
attributes such as socioeconomic, psychological and individual characteristics (Karagoz, 2019; Topcu
and Baran, 2017). Two-step cluster analysis considering the ideal numbers of clusters and yielding the
relationships between the main factors obtained and the consumption groups desired to be created is
one of the most effective clustering technique. In the present study, the main factors impacting on
Turkish consumers’ Erzurum Stuffed-kadayif purchase decisions were used in two-step clustering
analysis (CA) taking into consideration their retail selling points. It was thus segmented target
consumers into three groups consuming at the restaurant (29.1% of overall consumers) and patisserie
(30.4% of those) and buying from the manufacturer stores (40.5% of those).

Results and Discussion

Consumers’ demographic and socioeconomic profiles

Participants’ gender, age and life cycle, education and occupation status, monthly income and
expenditure groups at each cluster were presented in Table 1. The results of the study indicated that
59% of the target consumer mass consisted of men, and the consumers with college graduate and
white collars concentrated generally at each consumption segment of Erzurum Stuffed-kadayif.
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On the other hand, the results also highlighted that the average age of overall consumers was
43.38 years, and the family size consisted of 4.22 individuals, and the middle age group and large
families showed intensity at each consumption segment. Similarly, the average income and
expenditure levels for all consumption groups were $1406.30 and $875.69, and these economic

indicators also were of the highest shares at each consumer segment.

Table 1. Consumers’ various demographic and socioeconomic attributes

Consumption segments of Erzurum Stuffed-kadayif

Overall consumers

Consumers’ attributes Patisserie Manufacturer Restaurant
n % n % n % n %
5 Male 77 66 85 55 65 58 227 59
é Female 40 44 71 45 47 42 158 41
(Pearson Chi — kare) = xfye032) = 24.746  p=0.001
= Literate 4 4 9 6 8 8 16 4
= First school 20 17 39 25 31 28 90 23
S High school 45 39 39 25 35 31 119 30
W College 48 41 69 44 43 38 160 42
(Pearson Chi — kare) = xtg06,4) = 77.378  p=0.001
Businessman 11 9 27 17 13 12 51 13
- White-collar 50 43 49 31 42 38 141 37
S Blue-collar 18 15 12 8 17 15 47 12
§ Retailers 27 23 40 36 26 24 93 24
g Pensioners 9 8 15 10 12 11 36 9
Farmers 1 1 7 5 1 1 9 2
Housewife 1 1 6 4 1 1 8 2
Total 117 100 156 100 112 100 385 100
X n X n X n X n
2 + < 30 years (young) 30.76 37 30.43 30 30.56 16 30.60 83
S 30-50 years (mature) 42.23 69 43.33 84 42.59 64 42.76 217
§’ + > 50 years (more mat.) 56.64 11 58.05 42 56.94 32 57.45 85
Group means 39.96 117 44.81 156 44.97 112 43.38 385
F3822) = 10.559 p=0.001
¥ +<$400 (low-income) 32143 14 360.00 24 365.00 12 350.40 50
g $400-1000 (middle-inc.) 416.04 91 751.56 109 750.91 88 740.14 288
= +>$1000 (high-income) 1398.33 12 1421.74 23 1384.67 12 1406.30 47
Group means 738.80 117 790.13 156 777.46 112 770.85 385
Fi3g2,2) = 0.903 p=0.406
’g +<$400 (low-expend.)  320.00 21 318.60 43 310.00 19 316.99 83
% $400-700 (middle-exp.) 591.94 62 582.90 69 596.56 61 590.16 192
X +>$700 (high-expend.) 848.82 34 885.36 44 890.94 32 875.69 110
Group means 617.78 117 595.36 156 632.05 112 612.85 385
Fi3g22) = 0.903 p=0.404
§ +<4 person (core family) 2.55 56 2.63 40 2.68 25 2.60 121
é‘ 4-6 person (small family) 418 57 4.64 108 4.67 75 454 240
& +>6 person (large family) 11.00 4 8.50 8 9.17 12 9.25 24
Group means 3.63 117 4.32 156 4.71 112 4.22 385
F(3g2,2) = 10.084 p=0.001
X: arithmetic means n: sample size %: relative rate *exchange rate is £ $5.75 on September 15, 2019
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Results of the EFA

The goodness fit statistics results and five factor dimensions that consider 31 items impacting
on consumers’ Erzurum Stuffed-kadayif purchase decisions in the EFA by being eliminated their load
overlap and meaningless loads were given in Table 2. KMO that compares the observation and partial
correlation coefficients in the EFA was calculated as a value of 0.923 (p<0.001). The test score was
acceptable at an excellent level due to much closer to 0.99 threshold value, thus, providing the
confirmation of sampling adequacy for the EFA. Bartlett's test of Sphericity statistics for the main
factors related to consumers' purchase decisions, then, was calculated as x& os. 465= 9883.62 (p =
0.000), and unit matrix hypothesis was rejected (p<0.001). Two statistics evaluating the data indicated
that the data was at an excellent level for the EFA.

Table 2. The results of the EFA related to consumers’ Erzurum Stuffed-kadayif purchase decision factors
and their item loads

The factors and items loads”

The items and factors interpretations

F1 F2 Fs Fa4 Fs
Hedonism satisfaction
Price-quality relation 0.867
Label with the region of origin 0.835
Product quality 0.823
Product price 0.814
Food retailers 0.814
Packaging weight 0.809
Packaging allure 0.804
Advertising 0.800
Eco-friendly package material use 0.782
Discount and promotion 0.705
Trust to manufacturer 0.649
Product size 0.629
Consumer mood 0.623
Product experience 0.622
Shelf life of product 0.614
Reaching to retailers and convenience 0.608
Food safety and security
Sustainable food supply 0.900
Hygiene at manufacturing stage 0.850
Sanitary at marketing channels 0.841
Hygiene at retail stores 0.771
Organic product 0.656
Entrocentrism approach
Contribute to regional retailers 0.912
Contribute to region trading 0.828
Contribute to regional development 0.807
Obstructing regional migration 0.657
Healthy diet willingness
Product without the synthetic substances 0.906
Increasing body resistance 0.678
Balancing blood sugar and providing energy 0.671
Sensory perception
Aroma perception 0.837
Taste and flavor perception 0.808
Product image and size 0.682
Eigenvalues 9.373 3.843 3.175 2.067 2.065
Explained share of variance (%) 30.235 12.396 10.242 6.667 6.660
Cumulative share of variance (%) 30.235 42.631 52.872 59.539 66.199
KMO (Kaiser-Meyer-Olkin) statistic 0.923
Bartlett’s test of Sphericity [Chi — square (x& s, 465) = 9883.62 (p = 0.000)]

*It was suppressed the smaller coefficients than 0.350
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The results of the EFA indicated that the five-factor solution with Eigenvalue scores being
greater than 1.0 were derived from 31 items impacting on consumers' Erzurum Stuffed-kadayif
purchase decisions (Table 2). The five factors were logically identified as the hedonism satisfaction,
food safety and security, entrocentrism approach, healthy diet willingness and sensory perception, and
their explained total variance found as 66.20%. The first factor referring to hedonism satisfaction
explained 30.24% of total variance. It was thus assessed that the hedonism satisfaction consisted of the
loaded items measuring a wide range of the hedonic consumption satisfaction based on the
relationships between consumers’ experimental satisfaction and the marketing mix strengthening
consumers’ Erzurum Stuffed-kadayif purchase decisions.

Similarly, the second factor explained by 12.40% total variance exposed that the food safety
and security making sustainability possible at the food supply chain under the sanitary conditions
lasting from farming to the food retailing affected directly consumers' Erzurum Stuffed-kadayif
purchase decisions. The third factor contributing to the second factor was named as entrocentrism
approach, that is, Erzurum-originated consumers aimed to contribute in order to improve the regional
trading and to obstacle regional migration by orientating to the local food retailers to provide the
regional developing so that it could be made possible to sustainable food supply.

With the similar requirements, a healthy life and core benefit motives shaping Turkish
consumers’ Erzurum Stuffed-kadayif purchase decisions leaded healthy diet willingness to form the
fourth factor. The healthy diet willingness, indeed, also resulted from an interactive health perception
between the willingness to meet the healthy and balanced sweet need on the diets and the willingness
to have been free of these desserts' artificial substances. Finally, the fifth factor explained with 6.66%
of total variance emphasized the sensory quality perception. The sensory perception considering
emotional and visual stimulus is also of a major impact on consumers’ opinions about the foods due to
triggering the first perception of difference between accepting and rejecting a particular food along
with their emotional perception about aroma, taste and flavor of the foods.

Results of the CA

The main factors derived from the EFA, and shaping the perception and purchase decisions of
Turkish consumers bought Erzurum Stuffed-kadayif from the local food manufacturer ventures,
patisseries and restaurants were presented in Table 3. The results of the CA explained that consumers
buying from or consuming Erzurum Stuffed-kadayif at the local restaurants focused on the hedonic
and sensory perception. This consumer segment either consumed Erzurum Stuffed-kadayif together
with meals on days at the local restaurants or purchased it from this local retailer satisfying their
consumption hedonism based on its emotional perception. This consumer segment has not only
consumed Erzurum Stuffed-kadayif as a traditional dessert together with meals on daily at the local
restaurants, indeed, but has also purchased it from the local retailers which satisfy on their
consumption hedonism by triggering their emotional perception.

Table 3. The cluster center values related to the consumers’ Erzurum Stuffed-kadayif purchase decision factors
and the sample sizes in each cluster

Consumer segments”

The main factors Restaurant Manufacturer Patisserie
x p X p x p

Hedonism satisfaction 0.24 0.002 -0.14 0.002 0.27 0.002
Food safety and security -0.02 0.000 0.01 0.000 -0.01 0.000
Entrocentrism approach -0.32 0.001 0.12 0.001 -0.11  0.001
Healthy diet willingness -0.04 0.000 0.02 0.000 0.05 0.000
Sensory perception 0.38 0.000 0.16 0.000 -0.12  0.000
Number of total cases at each cluster (n) 112 156 117
Population ratio at each cluster (%) 29.1 40.5 30.4

“Bold values indicate the highest final cluster center scores in each segment.
**Total sample size (n): 385 households
It was informed in prior researches that the sensory and hedonic quality attributes were the
most important motivation drivers on consumers’ food purchase decision and consumption satisfaction
(Giannoutsos et al., 2023; Topcu, 2022). It was also reported that both food intrinsic emotional
attributes and food-extrinsic hedonic attributes played a crucial role on consumers’ purchase

397



COMU Zir. Fak. Derg. (COMU J. Agric. Fac.) Research Article
Arastirma Makalesi

intentions, and thus these factors were also the main determinates of the other factors, and then were of
a strong interaction with the others on their consumption attitudes (Fakreddine and Sanckez, 2023;
Magalhaes et al., 2023; Mesias et al., 2023; Topcu, 2022a). It was emphasized that the ingredient
information, labels and brands presented on the food packaging, indeed, were considered generally
vital determinates on consumers’ purchase decisions, and similarly consumers' experimental sensory
aspects for the foods impacted directly on their repurchase decisions, as well.

The results of the CA also highlighted that consumers buying Erzurum Stuffed-kadayif from
the local manufacturer stores internalized entrocentrism approach to make food supply safety and
security sustainable along with their willingness to obtain the health-related core benefits by
considering the sensorial satisfaction attributes (Table 3). Indeed, it was reported that consumers not
considered only the sensory attributes being one of the most important purchase decision factors but
non-sensory attributes gained also more interest, especially health claims indicating the relationships
among food safety and nutrients, and health impacts (Arteaga et al., 2023; Fakreddine and Sanckez,
2023; Chen and Antonelli, 2020). The health claims impacting on the food consumption and purchase
decisions made consumers attempt to the sustainability of the healthy food choices manufactured by
reliable local manufacturers performing under the region of origin registration, and thus this situation
also leaded to consumers drive to entrocentrism current (Siddiqui et al., 2023; Maro et al., 2023)

The CA findings indicated that consumers purchasing Erzurum Stuffed-kadayif from the local
patisseries or consuming attributed a much bigger priority to the hedonism satisfaction based on
healthy diet willingness (Table 3). Used a dessert after a meal or along with tea serves, Erzurum
Stuffed-kadayif are often preferred more than the other desserts by target consumers in Erzurum.
Consumers preferring this dessert in their diets believe that is a more healthy dessert compared with
the others, and thus it is widely consumed by Erzurum-originated consumers. In similar to consumers
bought this product from the local manufacturer stores, the consumer masses provided consumption
hedonism satisfaction under their health claims at the local patisseries (Arteaga et al., 2023;
Fakreddine and Sanckez, 2023; Fernando and Aw, 2023; Kleih et al., 2023; Lavuri et al., 2022; Chen
and Antonelli, 2020).

Conclusions

The results of the study revealed that the main factors impacting on Turkish consumers’
Erzurum Stuffed-kadayif purchase decisions were the hedonism satisfaction, food safety and security,
entrocentrism approach, healthy diet willingness and sensorial perception. The results of the research
highlighted that while mature middle-income consumers consuming or buying the product at the local
restaurants satisfied fairly high from the hedonic quality attributes under the emotional perception,
younger low-income consumers consuming Erzurum Stuffed-kadayif at the local patisseries also
attributed a big importance hedonism satisfaction by focusing on their willingness to consume healthy
diet with health claims. On the other hand, more mature high-income consumers purchasing Erzurum
Stuffed-kadayif from the local manufacturer ventures tried to contribute considerably to sustainable
food supply and consumption with entrocentrism approach of those considering emotional food
perception under food safety and security making possible to consume healthy food.

Therefore, it should be implemented the positioning strategies prioritizing hedonic quality
attributes along with the manufacturing and processing strategies improving the sensorial perceptions
strengthen at the local restaurants and willingness to consume healthy food at the local patisseries,
respectively. Similarly, it should be applied the intensified multi-segmented marketing strategies for
Erzurum-originated consumers at the local manufacturer stores by considering improved sensory
quality attributes under food supply safety and security making healthy food consumption possible.

Although this study was one of the first researches conducted on consumers’ Erzurum Stuffed-
kadayif purchase decisions satisfaction in the economics literature, there was also its some limitations.
In the study, thus, these limitations could be addressed for the next researches. Firstly, the study
focused on only consumers in Erzurum due to funding and time constrains. The future researches,
hence, could be planned for larger sample sizes accounting consumers residing at more important trade
and consumption centers. Secondly, it was applied the EFA as the research model in the study, but it
could be utilized from Confirmatory Factor Analysis for the next researches, as well.
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Abstract

Agriculture is still the most populous sector among the areas of economic activity in the world. Nearly
60% of the world's population can maintain their lives thanks to the agricultural economy. Agriculture is the
most closely associated and compatible sector with nature among manufacturing activities. Agriculture, the first
of economic activity, can be shaped by geographical factors. Human environmental factors are highly effective
on agricultural activities as well as natural environmental factors. This study reveals the natural and human
environmental factors that influence agricultural activities in the Altinekin district and examines the relationship
between agricultural production and the future of these factors. Much of the data obtained in this study is based
on field observations. In light of field observations and agricultural statistics, the ArcGIS10 program produced
maps of the work area.

Altmekin district, which is unfavorable for climatic features and superficial water resources, is abundant
in groundwater resources. With the rise of groundwater wells throughout the county, which have been dry
agriculture in the past, there have been large increases in the cultivation and production of plants that require
more water such as sugar beets, sunflowers, corn and carrots, and the agricultural structure of the region has
completely changed. The lack of annual average rainfall and surface water resources in the county, the irrigation
of much larger farmland by year, and the continued cultivation of excess water supply poses significant threats to
the future of groundwater resources.

Keywords: Agrarian geography, Altinekin, Ground water, Agricultural production.

Altinekin Ilgesinde Cografi Faktorlerin Tarimsal Faaliyetler Uzerine Etkisi
Oz

Diinya genelinde ekonomik faaliyet alanlar1 arasinda niifusun halen en fazla oldugu sektor tarimdir.
Diinya niifusunun yaklagik %60’a yakini gegimini tarim ekonomisine bagl olarak saglamaktadir. Uretim
faaliyetleri arasinda dogayla en siki iligkili ve uyumlu sektor tarimdir. Ekonomik faaliyetlerin ilki olan tarim,
cografi faktorlere bagl olarak sekillenmektedir. Tarimsal faaliyetler iizerinde dogal ¢evre faktorlerinin yani sira
beseri ¢evre faktorleri de oldukga etkilidir. Bu ¢aligmada Altinekin ilgesinde tarimsal faaliyetler {izerinde etkili
olan dogal ve beseri gevre faktorleri ortaya koymak ve bu faktorlerin tarimsal {iretimle arasindaki iligkiyi
inceleyerek gelecege yonelik ¢ikarimda bulunmak amaglanmistir. Bu ¢alismada elde edilen verilerin biiyiik bir
bolimii saha gozlemlerine dayanmaktadir. Saha gozlemlerinden elde edilen veriler ve tarimsal istatistikler
1s1¢inda ArcGIS10 programinda ¢alisma sahasina ait haritalamalar tiretilmistir.

Klimatik ozellikler ve yiizeysel su kaynaklari agisindan elverissiz olan Altinekin ilgesi, yeralti su
kaynaklar1 bakimindan oldukc¢a zengindir. Ge¢miste kuru tarim yapilan ilge genelinde yeralti su kuyularinin artig
gostermesiyle birlikte su istegi fazla olan seker pancari, ayg¢igegi, misir ve havug gibi iirlinlerin ekim alanlar1 ve
iiretim miktarlarinda biiyiik artislar olmus ve bdlgenin tarimsal yapist tamamen degismistir. Ilgede diisiik yillik
ortalama yagis miktarinin ve yiizeysel su kaynaklarinin yetersiz olusu yildan yila ¢ok daha genis tarim
alanlarinin sulanmasi ve su ihtiyaci fazla olan iiriinlerin ekiminin devam etmesi yeralti su kaynaklarinin
gelecegine yonelik ciddi tehditler olusturmaktadir.

Anahtar Kelimeler: Tarim cografyasi, Altinekin, Yer alt1 suyu, Tarimsal tiretim.

Introduction
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Agriculture occupies a prominent position among the branches of economic activities. An
economic activity, enterprise space, and a way of life are the first stages of civilization. Agriculture is
a plant-based cultivation and animal husbandry to meet the needs of people in conditions of different
socio-economic and physical environments. It's seen that making the most extended definiton by
saying cultivating soil to produce goods is not adequate. Agriculture has been transitioned to good
agricultural and organic agriculture with agricultural activities such as hunting, forestry, aguatic
production, beekeeping, bonding, cultural mushrooming, silk insecticide as well as plant production
and livestock raising (Thoman, 1962; Grigg, 1995; Symons, 1967; Aliagaoglu, 2019; Bulut, 2006;
Demir, 2021).

Agricultural activities have continually maintained their importance from the past to the
present. Agriculture will always be on the agenda as the basic need for physiologic nutrition will
continue (Balc1 Akova, 2002). Agriculture is still the most populous sector among the areas of
economic activity worldwide. Nearly 60% of the world's population live off the agricultural economy
(FAO, 2020). Agriculture is an important manufacturing area that supports other sectors such as
industry and trade and contributes to the development of these sectors. In this way, many of the
world's production areas have evolved due to inputs and the provision of raw materials, dependent on
agriculture (Sertkaya Dogan, 2008; Demir, 2021).

Differences occur in the branch of agricultural operation in order to meet the growing and
diversifying needs of the people every day. Although, for agricultural activities, advances in the
scientific and technical spheres have increased, natural environmental aspects overall has a decisive
role. That’s why the effect of the natural environment (geology, topography, soil, water resources,
climate, and weather) should not be ignored when both agricultural and agricultural geography issues
are examined because agriculture is the most closely connected and compatible sector with nature of
all production activities in the world. Agriculture, the first economic activity, is shaped by
geographical factors. Human environmental factors are highly effective on agricultural activities as
well as natural environmental factors. Changes resulting from global climate change due to
urbanization and industrialization (drought, misuse of soil and water resources) disturb the ecological
balance. So it's very important to get optimal utilization of the agricultural land without damaging the
environment and disturbing the ecological balance, and to make plans for that (Ozdemir ve Tonbul,
1995; Bulut, 2006; Elmastag, 2008; Doganay, 2011). Planning implementation studies can be done on
a micro-scale, such as a village, neighborhood, and on a macro scale, such as city, region, basin and
country. Producing increased yields in agricultural activities, doing agriculture compatibly with the
farmland and reducing the problems due to agricultural activities to a minimum can only be made by
going through the consideration of the geographical characteristics of farming basins. In this respect, it
is important to consider geographic conditions, both in the process of preparing and implementing
development plans and in the process of establishing agricultural policies (Garipagaoglu ve Uzun,
2019; Sertkaya Dogan, 2008; Cavus ve Kirmiz1 Erdal, 2020).

For Turkey, based on an assessment, although the topographical conditions particularly of the
agricultural production areas, water supplies are poor in many places which affects agricultural
activites negatively. But this problem has been partly overcome, depending on the technology
evolving in fields of hydrogeologically suitable potential. This situation has led to various problems in
the short or medium term. Altinekin county, designated as a research area, is an area where
topographical conditions are suitable for agricultural activities, but the annual average rainfall in the
basin and the surface water supply are low. Rapid advances in technology have increased the use of
rich groundwater on the basin floor in recent years. The usage of groundwater has increased the
amount of crops and diversified the crop pattern. This has resulted in the remigration to rural areas for
agricultural production and increased agricultural labor.

Altmekin district, which is administered by Konya province, is surrounded by Cihanbeyli from
the north, Eskil from the east (Aksaray), Sarayonii from the west, Karatay from the southeast and
Selguklu district from the south and southwest (Figure 1). The surface area of the district is 1165 km?.

In the plain bases on the east and west of the county center, large amounts of agricultural
production are produced, particularly due to the fitness of geological, geomorphological and
hydrological conditions. Located on the plain to the east of the county center: Mantar, Oguuzeli,
Topraklik, and Yenikuyu neighborhoods, and the area west of the county center, Dedeler, Yeniyayla,
Olmez and Sarni¢ neighborhoods are the main areas of agricultural activity. In these areas, irrigated

402



COMU Zir. Fak. Derg. (COMU J. Agric. Fac.) Aragtirma Makalesi
Research Article

farming is intensively conducted, mainly due to the presence of groundwater wells. There are also dry
farming or insufficient irrigated farming in the neighborhoods of Kocas, Hacinuman, Akincilar and
Ayigig1. Outside of these areas, the agricultural activities in the neighborhood of Akgasar, Karakaya
and Kogyaka, which are typically located in areas where elevation and slope are high, are found to be
inadequate compared to the plain bases. In these areas, pasture livestock is likely to be produced more
since water wells are less in these areas or the water flow in wells is not sufficient.
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Materials and Methods

The main purpose of this study is to present the natural and human environmental factors that
influence agricultural activities in the Altinekin district and to examine their relationship with
agricultural production to draw conclusions for the future. In this work, a mixed research pattern is
used. The primary reason why a mixed research pattern is preferred is to make a holistic assessment of
the work space, with sufficient use of both qualitative and quantitative data. In the qualitative research
technique, descriptive charts, shapes, graphics and maps are made using statistical data from public
institutions of local or national scale. In quantitative research technique, deep discussions (20 mins on
average) were conducted with the subjects in the field to support field observations. The data collected
in accordance with the qualitative and quantitative research technique has been combined to provide a
holistic assessment using field studies and statistical data.

In light of field observations and agricultural statistics, maps edited with the base plates were
produced and data was obtained through these maps using the ArcGIS 10.6 package programs.
Furthermore, the study of monographical studies of the site has been thoroughly analyzed and
literature review has been made. All of the photographs in the study were taken by the authors during
field observations in different time periods. Data from different public institutions was used during the
analysis of the geographical characteristics of the county. Data on climate properties has been taken
from the General Directorate of State Meteorology, the amount of agricultural production and
agricultural structure data have been taken from the Altinekin District Directorate of Agriculture, data
on the population of rural neighborhoods has been taken from the Turkish Statistical Institute (Turkish
Statistical Institute, 2021).

Results and Discussion

Geology

Geologic factors are an important place among the geographical factors that have an impact on
agricultural activities. Geological factors affect agriculture, not directly, but indirectly, such as soil,
slope, elevation, water resources, and climate properties. The processes of geological formation in a
region, and the mineral structure of rocks and rocks that come out at the end of these processes, have
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an effect on soil type, significantly affecting agricultural activities. There is a greater potential of plant
development and agricultural production on mineral-rich soil resulted of geologic processes.

The most important aspect of the geological structure, apart from the soil process, is to pave
the way for the formation of groundwater. The litological elements below the soil cover on the surface
are very important for the groundwater. Lithological units, such as limestone and dolomitic lime
beneath the soil cover, are areas rich in groundwater, where water that seeps from the surface creates
aquifers. The ground water is trapped in this area by impermeable blocks like marble and granite on
the ground of these elements. Elements of the limestone group, which has a large capacity to hold
groundwater throughout the Altinekin district, are proportionally large (Table 1)

Table 1. Areal and Proportional State of Geological Units in Altinekin County

Geologic Units Elements Area (km?) Rate (%0)
Holocene Slope wash, alluvion 25 2.2
Plio-Quaternary Carbonated clay, pebble stone 601 51.1
Upper Miocene-Pliocene Lacustrine limestone, clay 168 14.3
Upper Miocene Limestone, pebble stone 222 18.9
Jura Peridotite, gabbro, antigorite 2 0.2
Upper Cretaceous Metamorphic ophiolite 37 3.2
Lower Cretaceous Peridotite, antigorite 32 2.6

Mid Trias Dolomitic limestone 89 75

Total 1165 100

Source: MTA 1/500,000 geological maps

Altmekin county does not contain any surface water, such as streams or lakes. In addition, the
county's location in Turkey's least rainfall basin illustrates the vital condition of agricultural
groundwater. Atmospheric waters were stored within lithological elements from the Neogene period,
creating a rich underground water presence. Throughout the county there are thick layers of limestone
in areas where agricultural production is concentrated, and there is a wealth of groundwater within
these layers. In this regard, the groundwater system is heavily influenced by geological-agricultural,
soil-agriculture and groundwater-agriculture interactions.

Lithological elements of the limestone group are found to be concentrated in the Altinekin

district in two separate plain areas of the east and west block (Figure 2).
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Figure 2. Altiekin County: Geological Map
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Geomorphology

Geomorphological factors have a defining effect in a variety of ways on agricultural activites.
These factors, which are divided into four main groups: height, slope, pressure, and the direction of the
mountains, directly or indirectly affect agriculture. Particularly elevation and slope from these factors
are effective in the Altinekin district, where the ground shapes do not vary much.

The defining effect on climate conditions also reveals the effect of the elevation factor
indirectly on agriculture. Temperature, precipitation, and pressure are affected by the elevation, while
also having an impact on agricultural activities. Agricultural production is also adversely affected by
the fact that in areas where the elevation is high, temperatures drop below the favorable level for plant
development. Therefore, areas that have low elevation have more agricultural favorable conditions.

The average elevation is in the range of 950-1000 meters in the Altinekin district, which has a
geomorphologically simple appearance. Nuras hill at 1566 meters near the Karakaya countryside and
the areas at 949 meters in the northeast of the rural neighborhood of Oguzeli are regions with the most
and least elevation within the county limits. The majority of the Altinekin's land consists of slightly
wavy plains in the elevation range of 950-1000 meters (Figure 3). In the eastern part of the county, the
rural neighborhoods of Mantar, Oguzeli, Topraklik, and Yenikuyu, and the rural neighborhoods in the
western part of the county, Akincilar, Yeniyayla, Dedeler, Sarni¢c and Yeniolmez constitute areas
where the elevation of agricultural activity is low.
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Figure 3. Altinekin County: Morphology Map

Slope is important for determining factors such as soil thickness, erosion intensity, and
machine use over agricultural activities. Machine farming is more convenient in places where the
slope is high. Furthermore, where the slope is high, the risk of water erosion is increased due to
climate and morphological factors, negatively impacting soil formation and development. Agricultural
activities have also been affected.

In the town of Altinekin, the slope is relatively increasing in the mountainous area, which lies
on a north-south axis, and is an extension of the mass of the Bozdaglar mountains, forming two
separate plains in the east and west. 85% of the land area of the Altinekin, which has a simple terrain
structure, has slope values of 3° and below (Table 2). The slope over the mountainous mass extending
from the rural neighborhoods of Karakaya, Kogyaka, Kogas and Hacinuman to the northern
neighborhoods of Olmez, Kale and Yenice, has increased relatively but is seen in a relatively narrow
region of area. Outside of these areas, agricultural activities appear to be concentrated and modern
agriculture has developed further than in other areas.
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Table 2. Area and Rate of Land Curvature Units in Altinekin

Slope Units Area (km?) Rate (%)
0°-3° 989.9 85.0
3°-10° 111.2 9.5
10°-20° 51.1 4.4

20°+ 12.8 11

Total 1165 100

Source: The HGK 1/25,000-scale sheets were digitized.

Throughout Altinekin, the effects of geomorphological factors on agricultural activities are
evidently felt. Bozdaglar mountains divides the slightly elevated county area into east and west, while
the area to the west is called Altinekin Plain, and the area to the east is called Asagikoyler Plain. These
are the areas where agricultural activities are most concentrated. In Asagikoyler Plain in east,
agricultural products of high economic value are produced by fertile soil with the rich underground
water presence. In Altinekin district, areas on the mountainous mass such as Kocgas, Akgcasar,
Kogyaka, Karakaya and Yenice are found to have sheep and goat farming as well as plantation
activities. Dry agricultural activities are preferred in these areas due to poor groundwater. Thus, the
agricultural product range and agricultural gain are lower than the rural areas of the plain. The
conditions described in these areas are the basis for the development of livestock as a core or side-
economic activity.

Climate

Climate has an important decisiveness on agricultural activities in terms of affecting
temperature and precipitation factors. Many factors, such as soil structure, hummus wealth, water
resources, and plant development, are impacted by the climate. Although technical improvements have
somewhat decreased climate decisiveness on agriculture, agricultural activity is strictly dependent on
climate conditions at all times.

The influence of climate factors on agricultural activities in Altinekin district is significant as
well. In this area, where no marine effect exists, there seems to be a continentality. The effects of the
overall climate character in central Anatolia are seen. The average annual temperature in Altinekin is
11.2 °C, and the average annual rainfall rate is 343 mm. In Altinekin, the wettest season is found to be
spring, and the driest season is summer. The monthly pattern of rainfall is shown to be uneven. In the
spring, Altinekin, one of the areas characterized by "kirkikindi precipitation™ (forty-afternoon
precipitation), was determined that the precipitation did not fall each year, and that in some years it
was shifting towards summer (Figure 4). After spring, the rainiest season is autumn, but in recent
years rainfalls in november have also been below average. In Altinekin, while it's latitude plays a
primarily important role in climate values (38°N), also it's continentality due to it's average elevation
and the inability of marine masses to inland due to mountain ranges in the north and south of Central
Anatolia are effective. Along with areas around the Salt Lake, it forms one of Turkey's least rainy
areas.
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Figure 4. Average Temperature and Precipitation Graph in Altinekin County (1964-2020)
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There is no significant difference in the propagation of temperature and precipitation due to
the simple structure of morphology in Altinekin. Around the Karakaya countryside, there are several
degrees of reduction in temperature values due to the rise in the elevation, while there is a slight
increase in rainfall. However, this is not at the level of creating climate differentiation throughout the

county. (Figure 5).
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Figure 5. Average Temperature and Precipitation Map in Altinekin County (1964-2020)

Altmekin's climate has been identified as semi-arid (BSk) in the Koppen climate model, step
(semi-arid) in the De Martonne-Gottman climate model, and semi-arid climate in the Ering's annual
model. According to De Martonne, the monthly ruler shows there are differences between months

(Table 3).

Table 3. Monthly Drought Indices by Martonne Model in Altinekin County

Month Application of the Formula Results Climatic Type
January I= (39.6x12) !/ (-0.7 +10) 51.09 Humid
February 1= (30.2x12) /(0.7 +10) 33.86 Humid
March 1= (35.4x12) /[ (6.2+10) 27.94 Semi-humid
April I= (43.5x12) /  (10.4+10) 25.58 Semi-humid
May 1= (49.8x12) !/ (15.4 + 10) 23.52 Semi-humid
June I= (21.2x12) [ (19.9 +10) 8.50 Arid

July I= (7.1x12) [/ (23.2+10) 2.56 Arid
August I= (3.7x12) ! (22.7+10) 1.35 Arid
September I= (11.5x12) /(18 +10) 4.92 Arid
October I= (26.5x12) /[ (12.1+10) 14.38 Semi-arid
November I= (36.6x12) /(5.6 +10) 28.15 Semi-humid
December I= (37.9x12) /[ (1.2+10) 40.60 Humid

Source: Calculated using data from MGM (1964-2020)

According to Ering model, there are also drought differences in the table of monthly drought

indices in Altinekin district (Table 4).
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Table 4. Monthly Drought Indices by Ering Model in Altinekin District

Months Avg. Max. Tmp. Precipitation (mm) Index Value Rainfall Effectiveness
(W)
January 3.2 39.6 148 Per-humid
February 5.5 30.2 65.8 Per-humid
March 11.2 354 37.9 Semi-humid
April 16.9 435 30.8 Semi-humid
May 215 49.8 21.7 Semi-humid
June 26.3 21.2 9.6 Desert-steppe
July 29.5 7.1 2.9 Desert
August 29.1 3.7 15 Desert
September 25.8 115 5.3 Desert
October 19.2 26.5 16.5 Semi-arid
November 114 36.6 385 Semi-humid
December 51 37.9 89.1 Semi-humid
Annual 17.1 343 20.05 Steppe

Source: MGM (1964-2020) data was used.

The semi-arid climate conditions that have been effective in Altinekin district have had an
impact on the variety and growing conditions of agricultural crops. Grains have been highlighted as
natural agricultural products in the steppe climate during the summer, when it is hot and dry, winters
are warm and wet, and the wettest season is spring. These products, which can adapt to low
temperatures in winter and low rainfall conditions during their vegetation period, are the primary
source of livelihoods and are the source of inspiration (altin-ekin / gold-crop) for the name of the
county. In recents years however, the cultivation of traditional crops such as wheat and barley has
been severely constircted and the the cultivation of much more water hungry crops such as corn,
sunflower, pumpkin seeds, sugar beets has become common.

The traditional agricultural model in Altinekin is shaped according to climate. The traditional
agricultural model at Altinekin began in the 1970s, accelerated in the 1990s, and has transformed into
modern agriculture over the last 20 years based on excessive consumption of groundwater. Along with
this transformation, the traditional crop pattern in Altinekin, one of the least rainy areas of our country
with no surface water sources, has been replaced by products that need much more water and want
water during this dry period, including sugar beets, corn, sunflower, pumpkin seeds, carrots, potatoes,
cloves. Of course, new products don't grow independently of climate factor. However, these new
products fulfill their total water consumption in the summer months when almost no rainfall falls.
Water shortage is entirely provided from underground water. While the new crop pattern is constantly
growing in plantation, water consumption is covered by groundwater, the reserves for groundwater are
decreased each year due to the inability of these water sources to replenish themselves. New crop
patterns are also more limited in these areas due to the greater limitation of underground water
reserves in mountainous neighborhoods and surrounding areas throughout Altinekin, and dry farming
and pasture livestock is more common. Neighborhoods like Mantar, Oguzeli, Topraklik and Yenikuyu
in the eastern part of the county are densely populated by modern farming with new crop patterns due
to the wealth of groundwater. In the western part of the county, the area where the Konya-Ankara road
is located, the reserves are depleted substantially and a mixed pattern of watery-dry agriculture is
carried out using limited underground water supply.

Soil

Soil properties are one of the major factors affecting agricultural activities. In areas with high
soil yields, vegetative production and crop patterns are affected by this condition in a positive way.
But because the soil factor is affected by other factors, it's not adequate for soil to be efficient itself. It
needs to be addressed together with water resources, climate properties, and morphological conditions.
Even as improvements occur in soil-free agricultural practices on a global and national scale, the soil
is still more valuable for agricultural production. Vegetative production is also influenced by the soil
formation affected by the climate and topographic-lithological structure of the region.
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It is found that the soil found throughout Altinekin is consistent with the general structure of
the land of steppe climate. The plains in the eastern and western part of the county are covered with
brown prairie soil (Figure 6).
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Figure 6. Altinekin County Territorial Map
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Of the land found throughout Altinekin, 64% is made up of brown soil and 18% is made up of
reddish brown soil (Table 5). The use of fertilizers is important in order for plant production to occur
in this soil, where the amount of hummus and mineral wealth are low. However, in recent years, there
has been a slight increase in the ammount of hummus due to the decomposition of vegetative waste
from plant production due to extensive agricultural practices on brown soil. The area of aluvial soil,
covering 8.2% of the county land, is in fact the area where productivity is low. In these areas of old
lacustrine sediments, the soil is thiner and the clay rate is very high.

Table 5. Areal and Proportional State of Territorial Units in Altinekin County

Soil Types Area (km?) Rate (%)
Brown Soil 752.6 64

Red Brown Soil 213.7 18.1
Colluvial Soil 107 9.1
Alluvial Soil 96.35 8.2
Sierozem Soil 6.35 0.6

Total 1165 100

Source: Konya Province Land Presence (1992)

Heavy agricultural production is established in areas of the brown soil that lie within the
borders of Altinekin. It's only natural that the soil type has an effect on agricultural production in these
areas. However, because the areas where the brown soil is found correspond to areas where the rich
aquifers of the groundwater are located in most places, the concentration of agricultural production on
these areas is seen to be effected by the groundwater far more than the soil factor. In addition,
agricultural activities are more limited in areas where rich groundwater aquifers exist, but where there
are no brown or aluvial types of soil. There have also been an increase in washes of soil and irrigated
agriculture in recent years, and there have been positive developments in agricultural production in the
salt and lime ratio of soil. However, the general presence of limestone rocks on the ground of the areas
where this soil type is located poses a significant threat. With the Southeastern Anatolia Project (GAP)
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getting involved, the ‘capillarity’ event, a significant concern for the Southeast Anatolia Region, poses
a serious risk to this region as well. During the summer months, when the land is dehydrated, water
seeps underground from the irrigation by farmers. Depending on the region's high temperature in the
same period, the soil may dissolve the salt and lime minerals on the bottom after a while, and move
them up, resulting in the accumulation of the caliche layer on the surface of the soil and creating a
negative condition for agriculture. In order to avoid this problem, the drainage system must be placed
in areas where irrigated agriculture is performed.

Population and Settlement

As on all economic sectors, there is also a significant influence of population power on
agricultural activities. While population can be a driving force in areas with high economic
acceleration, it can become a burden in areas with limited work branches and work areas. The district
has a total area of 1165 km?, with a population of 14289 people (Table 6).

Table 6. Population Quantities of the Neighborhoods in Altinekin District (2022)

Neighborhood Population Neighborhood Population
Akgasar 178 Mantar 469
Akincilar 3255 Hacinuman 218
AKKoy 191 Oguzeli 1625
Ayisig1 84 Olmez 2310
Borukkuyu 120 Sarnig 585
Dedeler 1700 Topraklik 308
Kale 911 Yeni Olmez 423
Karakaya 126 Yenice 643
Kocas 67 Yenikuyu 459
Kocyaka 371 Yeniyayla 246

Total 14289

Source: Turkish Statistical Institute -2022

Overall, there are 20 neighborhoods, including 18 in rural areas and 2 in urban neighborhoods
that form the county seat. The population of these neighborhoods varies. There are also many sub-
villages attached to these rural neighborhoods. Some of these locations, locally called tablelands, (they
are not geographically tablelands), are linked together administratively to form neighborhood status.
All across Altinekin, Akincilar, Olmez, Dedeler and Oguzeli are the most populated rural
neighborhoods. Karakaya, Kogas and Ayisi81 are the least populated rural neighborhoods. In Altinekin
there is 12 people per square kilometer across the county. The density of the arithmetic population is
about 9 times lower than the average for Turkey. In terms of the county's economic income level, it is
well above the average in Turkey. Immigration for many years has been a huge factor on the low
population of the county. In the traditional agricultural period, modern agriculture has accelerated
resulting in the cease of migration and the beginning of remigration. In the economically good district,
the workers employed in agricultural activities are mostly undocumented foreign workers. In rural
areas where farmland is heavily processed and irrigated agriculture is dense such as Mantar, Oguzeli,
Topraklik, Dedeler, population density is relatively low. In these areas, farmland is very large, and in
agriculture, machinery is very high, so the population has remained low. In addition, since the sectors
other than agriculture and animal husbandry have not developed in these areas, they have not
improved and their population has remained stable.

Land Use

Land use, which depends on human factors as well as natural factors, is highly important for
agricultural activities. The excess of area and proportional space of agricultural land in land use
directly affects agricultural activities. The total area of Altinekin district is 1165 km?, accounting for
2.88% of Konya land and 0.15% of Turkey land. The area of 77966 hectares of the county are used for
agricultural production. The ratio of agricultural areas in the district to the district surface area is 66%.
In this case it is found that agricultural production can be executed in most of the town.

Agricultural activities are concentrated in two separate plains in the eastern and western part
of the county. In the eastern part of the county, rural neighborhoods like Oguzeli, Mantar, Topraklik,
Yenikuyu are among the major areas of irrigated agriculture. And to the west of the county, irrigated
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farming is also seen between the areas of rural neighborhoods of Dedeler, Sarni¢ and Olmez. In
addition to mountainous areas of the district, its wavy plains and barren areas are used as pasture
(Figure 7).
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Figure 7. Altinekin County Land Usage Map

In recent years, one of the major developments in land use has been land consalidation
projects. In rural neighborhoods such as Mantar, Oguzeli, Topraklik, Yenikuyu, Ak¢asar, Borukkuyu,
Kogyaka, land consalidation projects were completed in 2015-2018. This has resulted in significant
improvements in the size and shape of agricultural enterprises as in some idle areas has been put to
good use. Land consalidation projects contributed to the development of a more modern agricultural
activity (Figure 8).

Figure 8. View of Land After Land Consalidation in Yenikuyu Surroundings (Source: EkiciFen Farm)

Underground Water Wells

As with all creatures, water is vital to plants. So water is very important for agricultural
activities. Plants germinate, grow, and develop with water. Where there's enough rain, plants provide
this water from precipitation, while where there's not enough rainfall, water is provided from other
sources such as streams, lakes and dams. Although the agricultural potential is very high, vegetative
production cannot be made in areas where water resources are not sufficient. Therefore, when
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technological and economic opportunities are viable, water is transported from over 400 km away to
provide water for agricultural activities as seen in California and Libya examples. With GAP getting
involved in our country, the need for water in the Southeastern Anatolia Region is greatly satisfied via
canals. It will provide relief in meeting the need for water in some parts of Konya (around Cumra)
with the Konya Plain Project (KOP). The method that is frequently used in the inner regions for water
supply is the use of groundwater.

There is no surface water in Altinekin. There is no river, lake or dam in the county, where the
average annual rainfall is very low (343 mm). Until the 2000s, there were small carstic source outputs
called pinar (springs) in certain areas of the mountainous part of the county, but these sources are now
completely dry. However, the county is luckier in groundwater. Fossil underground waters
accumulated within the carstic rocks that formed the ancient lake sediments that began to be stocked in
the Neogene have become the lifespring of the district's economic and social life. In the 1970s, with
wells opened to benefit from agricultural irrigation, it took more and more utilization of groundwater.
In the 1970s, the number of low-flow underground water wells extracted by diesel engines was around
400, but with today's electric motors, the flow is much higher and their total number throughout the
county is close to 5000.

In Altinekin district, underground water wells used for agricultural purposes are found to be
concentrated around the eastern rural neighborhoods of Oguzeli, Giivercinlik, Mantar, Topraklik,
Yenikuyu, and the western rural neighborhoods of Dedeler, Olmez, Sarnig. These areas where water
wells are concentrated indicate areas where agricultural production is concentrated. In these areas, it
has been found that the public's income level is higher than in other areas, as high-income products are
cultivated.

The western part of Dedeler rural area and the mountainous part of the county are weaker in
groundwater, so the wells are not densely populated in these areas. As a result of this, dry farming is
executed which brings in low income.

In the Altmekin district, agricultural production is entirely dependent on groundwater wells,
and with increasing acceleration each year, the use of this water poses significant risks to the future of
agricultural activities in the county and the basin. Over millions of years, water reserves that have
reached the present day by clinging to the rocks have been constantly losing reserves as a result of
over half a century of excess consumption. The annual loss of groundwater cannot be compensated by
rain or surface water. This is why the level of the underground water decreases every year by between
2 and 10 meters. In the eastern part of Altinekin, it is seen that the water level of well-1 near the rural
district of Giivercinlik is higher, and the water level of well-2, located in the western part near the
neighborhood of Sarnig, is lower. However, the decrease in water level over the years in both wells
shows parallelism (Figure 9). This causes increased water extraction costs every year and also signals
danger that in the near future, the total consumption of groundwater may lead to a change of economic
structure and social fabric in the county, particularly agriculture. While the economic extraction of the
groundwater is not possible, especially in the line in the western parts of the county such as Sarnig,
Dedeler, and Akincilar, it is likely to last for some time in the eastern plains and then suffer the same
fate. Thus it is very important for the future of water and agriculture to undertake agricultural policies
and measures, especially in the whole basin.
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Figure 9. Changes in the Levels of Underground Water Wells in Altinekin (Irrigation Cooperative
Records-2022).

Product Pattern

The pattern of agricultural products on agricultural activities is also very important in
Altinekin district. Wheat and barley, which are compatible with the region's climate, was at the
forefront of the most important products. However, the cultivation area and production of wheat has
declined in recent years, while the barley has fluctuated (Table 7). There have been large increases in
the production and planting of products such as sugar beets, sunflower, corn, and carrots, which
consume more water in the new crop pattern. This indicates that the agricultural structure of the region
has changed.

Table 7. Planting and Production Status of Agricultural Products by Years in Altinekin District

Planting Area (da) Current Output (tons)

Years Years
Product 2000 2010 2020 2000 2010 2020
Wheat 564325 378989 147567 182965 107381 75726
Barley 79560 81482 85954 38721 41300 45000
Sugar beet 21323 79963 85376 165000 569534 615000
Corn 85 4200 121520 142 24500 257600
Sunflower 11120 53254 55215 4740 32652 33750
Carrot 0 134 560 0 1200 4500

Source: Provincial Agriculture Directorate of Konya

With the beginning of irrigation in Altinekin, traditional grain products such as wheat and
barley began to be watered and there has been an increase in production. However, over time,
alternative products began to be tested, and by the 1990s, sugar beets became a major additional
product. High income from sugar beets has played an important role in modernizing the agricultural
vehicle park and supplies of farmers in the region. As the sugar beet also reveals the use of wet pulps,
livestock activities in the region have also developed with agricultural activities. This process of
shifting in the agriculture of Altinekin up to the 2000s occurred earlier in the rural areas of the western
parts of the city such as Yeni Olmez, Kale, Yenice, Dedeler, Sarni¢, Olmez and the economic
development of these areas progressed faster than the eastern neighborhoods of the county. By the
2000s, the western region was becoming a problem for groundwater shortages, while the access of
richer underground waters were being increased in the eastern areas. With a more efficient and thicker
soil structure in eastern rural neighborhoods such as Mantar, Oguzeli, Topraklik, and Yenikuyu,
agriculture started to move faster in these areas. In this process, agricultural products such as sugar
beets, sunflowers, dried beans, gourd seeds and potatoes became common. After 2010, more corn is
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cultivated and produced annually, especially in rural neighborhoods in the eastern part of the county.
This more economically efficient product was also seen as a convenience for drip irrigation,
transforming into the new face of agriculture in Altinekin with less labor (Figure 10).

Figure 10. Corn Farming in Altinekin District
It was found that irrigated agriculture, especially corn farming, was unsustainable due to the
extensive use of groundwater in Altinekin. Today, this agricultural model is changing the face of the

town, especially economically, with water supplies rapidly disappearing and the reflects of this will be
felt in all areas in the near future.

Conclusions

Altmekin is located in Turkey's least rainy region of Konya closed Basin. Altinekin's climate
has been identified as semi-arid (BSk) in Koppen climate model, steppe (semi-arid) in De Martonne-
Gottman climate model, and semi-arid climate in the Ering's annual model. The district is extremely
unfavorable in terms of climatic characteristics affecting agricultural activities, with an average annual
temperature of 11.2° C and an average annual rainfall of 343 mm. In the town of Altinekin, the surface
water sources are extremely low and there are no streams, lakes, or dams. From this aspect,
agricultural activities in the county were generally carried out by the mid-1970s, mostly with dry
farming activities with limited product pattern (wheat, barley, etc.).

The district of Altinekin, which is unsuitable for climatic properties and surface water sources,
is extremely rich in underground water sources. From the Neogene period to the present day,
atmospheric waters leaking from the surface have been stored among limestone layers, creating a rich
underground water presence. In the county, which is extremely poor in surface water resources,
groundwater has vital importance in agriculture. The common feature of the regions where agricultural
activities are concentrated and production is the highest in Altinekin is the thick limestone layers on
the ground of these areas and the presence of rich underground waters in these layers. More and more
use was made of groundwater, which was started to be extracted from the wells drilled in the 1970s in
order to benefit from agricultural irrigation. In the 1970s, the number of low-flow underground water
wells extracted by diesel engines was around 400, but with the development of today's electric motors,
the flow is much higher and their total number throughout the county is reaching to 5000.

With the increase in underground water wells throughout the county where dry farming was
practiced in the past, there has been a great increase in the cultivation areas and production amounts of
products which need more water such as sugar beet, sunflower, corn and carrot, and the agricultural
structure of the region has completely changed. With the advances in technology, the number of
groundwater wells throughout the county has steadily increased, and diversity in the product pattern
has begun to increase. Starting in 2010, cultivation areas of crops bringing in more economic income,
especially corn, began to expand. Corns cultivation area, which was 85 decares in 2000, increased
from 4200 to 121520 decares from 2010 to 2020. During the traditional agricultural period, the
migration ceased, as modern agriculture and remigration gained momentum in recent years. Locals
throughout the county live in socio-economically golden years thanks to their income from
agricultural activities.

The lack of annual average rainfall and surface water resources in the county, the irrigation of
much larger farmland by year, and the continued cultivation of products which need more water poses
significant threats to the future of groundwater resources. Fossil underground water supplies that
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accumulated in a closed basin for millions of years have been unconsciously overused in recent years
for agricultural irrigation. In order for the agricultural activities carried out in the district to continue
for many years in a sustainable way, groundwater should be used consciously. Depletion of
underground water resources will not only end agricultural activity throughout the county, but will
also adversely affect all branches of economic activity in the field of agriculture-based industry and
trade. It would also lead to sociological unemployment, significant loss of income, and consequently
the emigration of people from the district.

A number of measures need to be taken immediately to avoid geographical factors that could
endanger the future of agricultural activities in the town of Altinekin. To prevent unconscious use of
underground water resources by the local population, it is first necessary to make audits on wells
which are drilled illegally, to install a meter on existing water wells that are drilled with legal
permission, to provide information on the agrarian irrigation and irrigation methods in the way that
farmers can understand and participate in. Taking restrictive precautions against water-hungry crop
varieties (corn, sugar beets, sunflower, carrots and potatoes) are of paramount importance. In the
product support program provided by the state, the supports given per kilogram to the products with
high water demand should be removed and the products with low water demand should be supported.
Although it does not seem possible in the short term, it should be included in the program within the
framework of a plan to export water from outside to the basin in the long term.
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Abstract

The potential of forest-mountain ecosystem services as a source of sustainable development has been
widely recognized. This paper aims to provide comprehensive economic value resource parameters of Uludag
National Park (UNP), the region of Bursa, Turkey. In this context, 10 ecosystem parameters were determined
under 3 categories. The first of these groups is the supplier parameters. Group of supplier parameters consists of
crop production, animal production, industrial and firewood production, grazing, beekeeping and non-wood
forest products. Group of regulatory parameters as regulators of the ecosystem consists of biodiversity, carbon
sequestration and water resources. Within the scope of socio-economic parameter, there is tourism-recreation
value.Valution is based on a wide variety of techniques, drawings on market prices, results of local surveys and
other econometric valuation methods called as Faustman and Hartman. It shows that at UNP, water resources
provide annual benefits of about 147 046 $ ha, secondly biodiversity provides a 15 312 $ ha annualy and
carbon sequestration has a 6 806 $ ha' annual value. After this regulatory parameters, as a socio-economic
parameter tourism and recreation provides 4 362 $ ha! economic value annualyand supplier resource parameters
following them. The paper shows the degree of importance of the UNP main values for the country and region as
a whole. It also discusses some reasons of concern when drawing policy tools for improving UNP income and
conservation practices local and regional level.
Keywords: Environmental valuation, Mountain-forest ecosystems, Uludag, Bursa, Turkey

Uludag Milli Parki’min Kaynak Ekonomisi Acisindan incelenmesi
Oz

Bir siirdiiriilebilir kalkinma kaynagi olarak dag-orman ekosistem hizmetlerinin potansiyeli genis capta
kabul goérmektedir. Bu arastirma, Tiirkiye'nin Bursa ilinde yer alan Uludag Milli Park (UMP)’1 dogal kaynak
hizmetlerinin kapsamli ekonomik deger tahminlerini saglamayi amaglamaktadir. Bu kapsamda 3 kategori
altinda, 10 adet ekosistem parametresi belirlenmistir. Bu gruplardan ilki tedarik edici parametrelerdir. Tedarik
edici parametreler grubu, bitkisel {iretim, hayvansal iiretim, endiistriyel ve yakacak odun iretimi, otlatma,
aricilik ve odun disi orman iriinlerinden olusmaktadir. Ekosistemin diizenleyicileri olarak regiile edici
parametreler grubu, biyogesitlilik, karbon tutulumu ve su kaynaklarindan olusmaktadir. Sosyo-ekonomik
parametre kapsaminda ise turizm-rekreasyon degeri bulunmaktadir. Degerleme, ¢ok gesitli tekniklere, piyasa
fiyatlarina iligkin alan calismalarina, yerel arastirmalarin sonuglarina ve diger ekonometrik degerleme
metotlarina dayanarak gergeklestirilmistir. Faustman ve Hartman olarak adlandirilan ve dag-orman
ekosistemlerinin ekonomik degerlemesinde kullanilan yontemler UMP’de su kaynaklarinin yillik yaklagik 147
046 $ ha! yillik fayda sagladigini, biyogesitliligin yillik 15 312 $ ha! fayda sagladigimi ve karbon tutulumunun
yillik 6 806 $ hal ekonomik deger olusturdugunu gostermistir. Regiile edici parametreleri, bir sosyo-ekonomik
deger parametresi olan turizm ve rekreasyon izlemis, yillik 4 362 $ ha?! diizeyinde ekonomik deger sagladig
belirlenmistir. Bu kapsamda aragtirma sonuglart UMP’de yarattig1 faydalarin bir biitiin olarak tilke ve bolge icin
Onemini ortaya koymaktadir. Arastirmada ayrica, yerel ve bdlgesel diizeyde UMP hizmet ve koruma
uygulamalarini iyilestirebilmek i¢in uygulanabilecek politika araglar tartigilmastir.

Anahtar Kelimeler: Cevresel degerleme, Dag-orman ekosistemleri, Uludag, Bursa, Tiirkiye
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Introduction

Everything that is suitable for meeting human needs directly or indirectly can be described as
a resource. While resources in the economy are classified as labor, capital and nature; Natural
resources are living and non-living things in the physical environment and are objects that can be used
for human needs. While all these resources are necessary for the realization of production, the
management of each of them in the economy differs. The management of natural resources, on the
other hand, has very different characteristics. Because, while many features of natural resources can be
explained with market prices, many features cannot be explained with market prices and there are
great problems in their use, allocation, and leaving them to future generations at least in quantity and
quality as they are today. Natural resources can belong to a region (forests), a country (streams), or
even the entire world (atmosphere). Therefore, natural resource management problems arise both in
the country's agenda and in the world's agenda; These are known as "environmental problems".

Worldwide, mountainous areas are recognized as critical regions for ecosystem continuity
(Gret-Regamey et al., 2012). Various mountain ecosystem areas support a wide variety of ecosystem
services such as energy, water, food, shelter, medical reserves and cultural ecosystem services, and are
sources of human needs (Huber et al., 2013). With its regulatory function, it plays a role in carbon
sequestration and maintaining the continuity of the hydrological cycle (Kroupova et al., 2016). In
addition, these areas provide an opportunity to generate income through tourism carried out by people
who visit to participate in cultural ecosystem services. In this direction, sustainable management
principles of mountainous ecosystem areas should be put forward and various benefits should be
calculated for the protection and development of natural resources. Because the percentage of
protected natural areas in Turkey is 6.95% in terrestrial areas and 1.76% in marine areas (Anonymous,
2017a). These rates are as follows: 27.28% terrestrial and maritime 50.36% maritime in France,
37.75% terrestrial and 45.36% marine in Germany, 28.73% terrestrial and marine 44.2% marine in
England and Italy. On the other hand the rates for terrestrial and marine areas are 21.51% and 9.74%
respectively(Anonymous, 2017b). In line with these data, it is of great importance to determine the
values of natural resources, to develop them and to make them sustainable.

The benefits of natural ecosystems are many. There are some of them that have been
determined and that have not yet been determined or that have not been fully determined. Therefore,
the conservation and management of natural resources is a multidisciplinary issue with biological,
geological, chemical, environmental and economic relations. Ecosystems have a regulatory role in
natural events. Thanks to these opportunities it creates, suitable environments for habitats are
provided. All of these actually create beneficial environments for humanity.

Many researches have been carried out on the ecosystemof the Uludag ecosystem(forests,
grasslands, flora, fauna etc.), which constitutes the study area of this research. But there is no an
economic valuation about this ecosystem resources. Uludag National Park, which has an area of 12
762 hectares, is 71% forest, 28% grassland and rocky areas, 0.4% open areas, 0.1% water-covered
areas, 0.8% of them are residential areas. Uludag has a very rich habitat diversity such as woodlands,
maquis, peatlands, subalpine heaths, alpine steep cliffs and open areas. There are 1320 plant species in
Uludag, which is a plant diversity center, and it is home to a total of 171 endemic species, 33 of which
are Uludag and 138 are Turkey endemics. In addition, Uludag constitutes the habitat of 3 globally
endangered species and 54 endangered species in Europe (Ozhatay et al., 2003; Daskin, 2008).

Uludag is also open to mountaineering, picnic, recreation, camping, and trekking activities
during the summer season. Uludag consists of two development areas. In the first development area,
where the hotels area is also located; There are 12 public facilities and 22 mechanical facilities serving
ski tourism. In the second development zone, there are 4 tourism facilities belonging to the private
sector serve. Tourism and public facilities in the National Park serve mostly for winter tourism.
During the summer season, accommodation can be made in the Sarialan and Cobankaya Camping and
Daily Usage Areas. In the Sarialan Camping and Daily Use Area, there are 12 cottages serving in the
summer season and there is a camping area for 300 tents.

Due to its proximity to large residential areas such as Bursa and Istanbul, the increasing use of
people in Uludag and the environmental pressure arising in this direction are also increasing the search
for "area protection and rational use" (Erten and Giindiiz, 2011). It is obvious that a resource valuation
study that will be integrated with environmental management plans is necessary to make the Uludag
ecosystem healthier and more sustainable. Natural resources with poorly determined resource values
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are exposed to excessive consumption or pollution. The increasing use of Uludag causes various major
problems such as environmental problems, legislation, infrastructure, transportation and
accommodation. Pressures on resource values can create hard-to-repair damages in Uludag's
ecosystem; can create environmental costs and degrade the ecological and economic value of the
region.

In this research, the environmental threats of Uludag Ecosystem, which is one of the richest
natural mountain-forest ecosystems in Turkey in terms of ecological character and biological diversity,
were investigated; Within the framework of ecosystem-user relations, the total economic value has
been tried to be estimated by Faustmann and Hartman project valuation methods. In this context, the
optimal management strategy of the Uludag National Park area has been tried to be put forward and
the things to be done in terms of the management of the area have been discussed. In the light of the
general evaluation of the information and data obtained in the whole study and the results of the
analysis, solution suggestions were made to insure the environmental sustainability of Uludag
National Park and to improve the environmental quality.

Material and Method

Economics has produced important valuation methods in revealing the resource values in
guestion. The methods that can be classified as market price methods and alternative market methods
have found a lot of use in recent years. The economic valuation of supply services is based on data
from the relevant research area. A variety of valuation methods developed in the environmental
economics literature are used (Dixon et al. 1994; Braden and Kolstad 1991; Organization for
Economic Cooperation and Development 1995; Winpenny 1991). In the mountain-forest ecosystems
such UNP it is difficult to estimate the value of supply services. Some supply service and supply
product parameters, whose quantities and prices are known, are marketed in established markets, while
other value parameters are not readily available. Some wood-based value parameters, such as
industrial and firewood, with regional differences, are traded in small, informal markets. Some non-
timber forest products, such as mushrooms, are marketable but generally harvested and consumed for
free. So the data were obtained from the units of Bursa Directorate of Provincial Agricultural and
Forestry. The obtained data were evaluated economically by various market price valuation
techniques.

There are also goods and services that do not have a market in determining the total economic
value of natural resources. In the determination of these resource values, methods such as travel cost
method, hedonic price method and contingent valuation method are used. These methods, which will
be defined as survey methods, are carried out with people who plan to use the natural resource. In this
context, a survey study was applied within the framework of the travel cost method in determining the
socio-economic value of the UNP. Environmental relations between UNP and users were also
examined in the survey study. The total number of visitors in the target visitors is 1 697 976 people per
year. With this direction according to travel cost technique, the number of samples was determined as
245, and study based on a total of 278 interviews with the visitors of the UNP. In line with the results
of the survey, the total expenditure average of the visits made to UNP in a year by 278 visitors who
participated in the economic analysis was found. Individual consumer surplus was found by dividing
the average travel cost value with the average number of visits. The total consumer surplus value was
obtained by multiplying the calculated individual consumer surplus value with the total number of
visitors to UNP in a year. Within the scope of the travel cost method, the individual travel cost, that is,
the willingness to pay was found. The calculated total willingness to pay value corresponds to the one-
year recreational use value of Uludag National Park.

In recent years, with the development of econometric methods, approaches that examine the
management of mountain-forest ecosystems from an economic point of view have been developed.
Many advanced economic analyzes can be made based on single and endless rotation forestry systems.
Because forest management can be considered successful if the benefits that can be obtained from the
forest system are maximized. Administrative failures cause social welfare losses. Therefore, a
successful forest rotation model is also always needed. In this direction, Faustmann approach made
important contributions to natural resource management and especially to the economic analysis of
mountain-forest ecosystems in the middle of the 19th century. When is the best time to harvest a forest
stand? Faustmann model solves this problem. The model finds an optimal rotation length to maximize
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the net present value of timber revenues from infinite identical rotations. The model mainly has a
single rotation and a specific tree growth function. It is predicted that the amount of lumber to be
harvested will change over time as the tree grows. The beginning of the Faustmann analysis indicates
the amount of lumber in the rotational age T with q(T) in m® form. If it is assumed that there is a
homogeneous tree group in the whole tree (stand) (such an assumption will be used for UNP) Q(T)
shows the whole timber amount of the stand. The nq(T) = Q(T) equation is mentioned here, where n
represents the number of trees in the stand. If the initial stock amount is shown with Qq, it can be said
that this value is the Q(T) value at T = 0. The stand's timber amount is related to the growth rate of
biomass a and the bearing capacity of stand K. The growth rate varies depending on whether the tree
structure is thin or thick. It is known that the growth rate of thick textured trees will be lower. The
carrying capacity is the maximum timber volume that the stand can support. Based on these data, the
basic model was developed through the following biomass lumber volume:

K
K —QO}QT

K>Qo>0 1)

QM) =
1+{
Q,

Equation 1 indicates an "S" curve that remains at low levels initially for timber biological
mass and increases up to the bearing capacity level in line with the rotation age. In the model, it is
assumed that price, cost and interest rate (discount rate) to be used in the analysis are fixed under a
fully competitive market. In the setup of the stand, a fixed price (S) is incurred at the beginning of the
rotation. However, it is then assumed that the stand grows under a natural environment without
incurring any costs. Harvest costs (C) and stamping price (p) are market prices. Here, two important
costs have to be included in the analysis. The first one is the interest incomes that the expenses
incurred for the stand during the growth period will be lost until the product is harvested. This cost
will increase as the rotation interval becomes longer. This opportunity cost is reflected in the model
with an interest rate (r). Naturally, the present value of the T-aged stand can be brought up to date with
a reduction factor (e™"). The initial planting cost, S, is not subjected to reduction. At this point, the
equation giving the net present value of harvested stand in T rotation length will be as follows:

N(T)=(p-C)Q(T)e""-S )

Another cost is related to the land value and it is an important cause of environmental
management problems. Since the places near forest zones are valued excessively, it may cause such
areas to be converted into money and used in further zones. In other words, alternative income that can
be obtained by renting or selling the land is the second type of cost in this model. Assuming that all
ecological and economic parameters are constant, the problem that forest management will face in the
next period is the same. In other words, the problem in each rotation will remain the same.

Therefore, V(T) will give the sum of the net current rate of the timber value obtained by cutting
trees at the end of the rotation period and the present rate of bare land value at the end of the rotation
period:

V(M=[(p-C)Q(T)e"-S]+V(T)e™ @)

The following equation can be written here:

v(r)-L2 ‘C)ﬁf_?f” =

(4)

In line with community interests, Equation 4 needs to be maximized. Thus, an economically
inefficient natural resource management will be against society. The equality that maximizes V(T):
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For the maximization problem, the first derivative bound to V(T) should be equalized to zero.

V(T*)=
(@-e)I(p-C)Q.e™ —re™ (p-C)RI )] re ™ [(p-C)QT")e ™ -]
(1_e—rT*)2 (1_e—rT*)2

=0 (6)

The expression of QT in the equation indicates that the first derivative based on the T rotation
period is considered. The expression T* indicates the optimal rotation year. An easier form of
Equation 6 can be written as follows:

(p_C)QT — r
(p-C)Q(M)-S 1-e"
Equation 7 is called the Faustmann formula, which shows the optimal rotation length

(Amacher et al. 2009). The easier representation of Equation 7 as a calculation tool can be given as
follows:

(7)

(P—C)Q; =r[(p—-C)QM)+V ()] 8)

Equation 8 explains that the effective rotation period of stand will occur if the rate of change
in forest value is equal to the rate of return to be earned by converting trees and forest land into capital.
In an economic sense, the left side of equation is the marginal product value of timber that is allocated
for the stand growth. The right side of the equation is the sum of the capital (opportunity cost of this
choice) due to the capital used by growing timber if the land is not used for further purposes.

Hartman (1976) adds stand independent non-timber benefits to Faustmann’s moodel. Equation
10 refers to the Hartman solution as an extended approach of Faustmann optimal forestland
management. For the Hartman solution, there is a need for a function that describes the entire flow of
non-timber benefits. Because the optimal rotation conditions change with the benefit of non-timber
values. In the Hartman approach, environmental benefit values B(t) occurring during infinite rotation
are included in the model by Boman et al. (2010) for the effective rotation period T:

(P-C)Q; +B(T) =r[(P-C)Q(T)+V(T)] ©)

And with this approach Faustmann-based Hartman solution algorithm was used in forest land
management in order to use the value of water resources, biodiversity and carbon sequestration related
benefits in UNP management and make it more meaningful. Briefly the application of the valuation
methods in relation to the mountain-forests in the Uludag National Park (Table 1).
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Table 1. Methods for valuing resource parameter values of UNP

Ecosystem Service Category Product or Service Valuation method

Supplier Crop production Market price available

Supplier Animal production Market price available

Supplier Industrial timber Market price available

Supplier Fire timber Market price available

Supplier Grazing Market price available

Supplier Non-timber forest Market price available

Supplier Beekeeping Market price available

Regulatory Biodiversity Faustman and Hartman Rotation Method
Regulatory Carbon sequestration Faustman and Hartman Rotation Method
Regulatory Water resources Faustman and Hartman Rotation Method
Socio-economic Tourism and recreation  Travel Cost Method

Thus, in this study, by using market price method, Faustman and Hartman approaches and
travel cost method that will reflect the economic value of Uludag Ecosystem were determined;
characteristics of one current situation and two better ecological situations will be introduced. With the
results to be obtained, natural resource managers will have benefits such as planning, imposing
temporary limitations on the use of resources, and better understanding the cost of environmental
damage that will occur in Bursa Province.

Results and Discussion

Traditional Agricultural Crop Production and Animal Production

A large part of agriculture in UNP consists of small-scale agricultural enterprises(BTOM,
2020). The number of enterprises that produce products for sale in traditional markets is less. As of
2019, UNP produced 67 753 997 TL of vegetable production economic value. A total crop yield of 26
418.9 tons was achieved. When we compare the economic value of the herbal product obtained as of
2019 with the 12 762 ha land area, which is the UNP areal size, the UNP generates an economic value
of 5525.5 TL year™ per hectare (BTOM, 2020).

When the total number of UNP animals is examined, it is seen that the weight is in small cattle
breeding. There are 773 cattle fattening animals against the total number of 4 443 sheep and goats.
Dairy culture cattle breeds constitute a large part of the cattle breeding activities. When the UNP total
milk production values are examined, it is seen that there is a bovine milk production of around 2 500
tons. In ovine breeding, the annual total milk production is at the level of 1 322 tons (BTOM, 2020).

When the total economic values of UNP livestock are examined, it is seen that the biggest
economic income item is cultured cattle. Culture cattle is followed by sheep breeding with a value of
3433900 TL year™. It is followed by revenues from goat and hybrid cattle breeding, respectively. The
total economic income created by UNP as of 2019 is 11 372 810 TL year?. When the economic
income from livestock farming is considered in terms of UNP area, it creates an annual income of
891.14 TL ha'.

Industrial and Fire Timber Production

Another economic value item for UNP is industrial wood production. The economic value
provided by industrial wood production from UNP is estimated to be 3 318 397.8 TL year®. The
economic value per hectare is realized at the level of 260.02 TL year™.

Another wood production item in UNP is the production activity for firewood. A large part of
the firewood need in UNP is obtained from the sale of the cuts made in the area to the local people.
Households called “forest villagers” report that they cannot provide a reliable supply of firewood and
are therefore forced to cut illegally.

The total economic value created through the sale of firewood from the UNP is estimated to be
355 334.99 TL year™. The economic value per hectare is at the level of 27.84 TL year.
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Grazing

Animals grazing in forests or pastures consume forage crops. Grazing is practiced as a public
right of local communities or in return for a symbolic tax paid by forest users to local authorities. In
this context, in order to determine the economic value of the forage in the pastures for grazing, the
forage production per hectare in these areas was calculated by taking into account the grazing areas in
Alacam and Saitabat settlements in the UNP.

In addition to 543.25 grazing areas in the UNP area, there are 562.25 ha grazing areas in the
region, including 19 ha of pastureland in Saitabat and Alagam settlements. In this direction, it has been
estimated that the total usable feed level per unit area is 4 498 tons. The unit feed price of the pastures
in the region is 0.95 TL kg™. When these values are multiplied with each other, the UNP grazing
economic value of 4 273 100 TL year® has been estimated. The economic value per hectare through
grazing activity was estimated at 334.8 TL ha™.

Beekeeping

The economic valuation of honey, another mountain-forest ecosystem product, is based on the
amount of honey produced by the beehives in the area and the market prices of the honey. Honey
production in UNP is carried out in the settlements of Siileymaniye, Kirazli, Sogukpinar, Bagli,
Giineybudaklar, Kiiciikdeliler and Biiytlikdeliler, which are close to the National Park. Data are based
on information from these settlements. There is no honey production in the National Park area.

Average amount of honey production per hive in UNP varies between 15-18 kg. There are 365
active hives. Flower and secretory honeys are produced. As of 2019, the total annual honey production
of the region was 5 350 kg. The market price of honey obtained from the region is 40 TL kg*. Based
on the available data, it has been estimated that the total economic value of honey produced without
expenses is 214 000 TL year*. The UNP per hectare value obtained by honey production was realized
as 16.76 TL ha™.

Non-Timber Forest Products

This category includes species found in mountain-forest ecosystems such as chestnut, cones,
laurel shoots, acorns, and barkless fruits. These products are usually sold in local markets and
economic value estimates are made over market prices (Croitoru, 2007).
The total economic value obtained from non-wood forest products in UNP is at the level of 207 619.34
TL year™. In this direction, it has been estimated that the economic value obtained by the production
of non-wood forest products is realized at the level of 16.26 TL per hectare of UNP.

Biodiversity
The ignorance and loss of biological diversity in the economic system constitutes an important
environmental externality problem. The reason why this important natural resource is not taken into
account in economic decision-making mechanisms is that the services it creates are considered free of
charge. Environmental valuation approaches are important economic research tools for solving this
problem.

Within the framework of the biodiversity value determination approach used in the study, the
net present value of the UNP at the beginning of the rotation was calculated as 12.2 million dollars.
When the optimal rotation is reached, it has been determined that the total economic value obtained is
195 420 422.6 dollars.

Carbon Sequestration

Regarding carbon sequestration, which is another regulatory value parameter, since the forest
ecosystem in the forest area constitutes the subject of the research, the value of the carbon
sequestration service of the mentioned area was calculated. In parallel with the scientific literature
followed in revealing the carbon accumulation and balance sheet in the UNP forests, it was determined
that the economic value created by the UNP through carbon sequestration was at the level of 86 858
172 dollars.
If the carbon price is 5 US dollars, it is determined that the rotation is reached in the 52nd year. In the
model previously calculated with the 52nd year rotation value of 3 827.90 USD ha?! Faustmann
rotation, the stand value was 956 USD ha* with the 44th year rotation.
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Water Resources

Again, in the calculation of the forest water value of the UNP examined in the study, some
hydrological functions were subjected to economic analysis. In particular, ecosystem services related
to the mixing of surface runoff due to precipitation with groundwater and the regulation of surface
runoff have been analyzed economically. In this context, it has been determined that the UNP creates
an annual economic value of 1 876 607 177.76 $. It was determined that this value per hectare was at
the level of 147 046.48 $. It has been observed that the determined forest water resource value
constitutes a very high economic value compared to other regulatory parameters.

Tourism and Recreation Value

Travel cost method is one of the methods used to estimate consumer behavior and value of
areas in tourism-recreation areas in ecosystems. In other words, it is a method in which the value of a
tourism-recreation area is estimated by considering the expenditure of visitors to reach the area and in
the area. In this direction, it has been used for more than forty years to reveal the socio-economic
value created by mountain-forest ecosystems. By dividing the average travel cost value with the
average number of visits, the individual consumer surplus was found to be 229.85 TL. The total
consumer surplus value was obtained by multiplying the calculated individual consumer surplus value
with the total number of visitors to Uludag National Park in a year. According to the data provided by
Bursa Regional Forestry Directorate for 2019, the number of visitors to the area in a year is 1 697 000
people. Accordingly, the total consumer surplus is:

Total Willingness to Pay(TWP)=229.85x1 697 000= 390 065 827.33 TL

Total Willingness to Pay(TWP)= 390 065 827.33 TL/Year estimated at 55.67 million dollars.

UNP Total Economic Value
Table 2 shows the final and overall results of the UNP valuation research. The total estimated
economic value created by UNP based on various product types and services was estimated at $2 227
052 303.33 $ year™ as of 2020. The economic value per hectare was realized as 174 506.52 $ ha™.

Table 2. UNP Total economic value

Ecosystem  Service Product or Service  Total Economic Total Economic Value- $ ha?
Category Value-2020(TL) 2020(%)
Supplier Crop production 67 753 997 9671129.20 757.80
Supplier Animal production 11 372 810 1623 342.08 127.20
Supplier Industrial timber 3318 397.8 473 664.36 37.11
Supplier Fire timber 355 334.9 50 720.10 3.97
Supplier Grazing 4 273 100 609 937.48 47.79
Supplier Non-timber  forest 207 619 29 635.30 2.32
products
Supplier Beekeeping 214 000 30 546.11 2.39
Regulatory Biodiversity 1367 942 955.12 195 420 422.16 15
312.68
Regulatory Carbon sequestration 608 007 204 86 858 172 6 806
Regulatory Water resources 13 136 250 244.32 1876 607 177.76 147
046,48
Socio-economic Tourism and 390 065 827.33 55.677.556.78 4 362.76
recreation
TOTAL 15589 761 489.47 2227 052 303.33 174
506,52
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When the UNP economic value components are examined, it is seen that the largest
component belongs to the water resources service with a value of 147 046.48 $ hal. This value
constitutes 84.30% of the total economic value in UMP. It is followed by biodiversity service with a
value of 15 312.68 $ ha™. The ratio of the benefit obtained from biodiversity, which is an indirect
service parameter, to the total economic benefit is at the level of 8.77%. Again, the ratio of the carbon
sequestration parameter to the total economic benefit is at the level of 3.90%. The share of tourism-
recreation service, which is another important parameter, was determined as 2.45%. The share of
supplier service parameters was only 0.58% (Figure 1).

Carb Tourism and
arbon  — recreation Other(supplier)
sequestration 2 45% 0.58%
3.90d% . '
Biodiversity
8.77%

Water resources
84.30%

Figure 1. Proportional distribution of UNP service parameters

Conclusions and Recommendations

The most important factor of environmental pressure on the Uludag region is the intense
human use. The number of visitors reaching the annual level of 1 697 498 and the uncontrolled growth
in the system and the resulting infrastructure and superstructure development initiatives cause negative
and irreversible environmental effects. The management plan prepared by the Regional Forestry
Directorate for Uludag is not qualified to meet the needs of the region. There is no long-term resource
rotation and carrying capacity-based management plan for the site. For this reason, there are
deficiencies in the allocation of public resources. In order to solve this problem, it is necessary to
reconsider managerial practices, resources and values, their activities and financing needs, in a way
that will be arranged in certain periods.

Regarding agricultural activities, uncontrolled subsistence agriculture is practiced in the
region, and there is no support for rural development. A single market for agricultural and non-timber
products tailored to the region's characteristics should be created, and local traditional products and
marketing activities should be supported.

The region's uncontrolled agricultural activity creates an unsustainable impact on biodiversity
and ecosystem carrying capacity. To eliminate this pressure, organic farming should be supported,
local seeds should be diversified, training should be provided, and local collaborations should be
strengthened.

No scientific management is applied in the management of the area. Optimal/sustainable
agricultural production levels should be determined and monitored based on scientific approaches.

Regarding grazing activities, pastoral grazing and largely unplanned grazing are practiced in
Uludag National Park. It was calculated that the number of animals allowed to graze in the area far
exceeded the grazing capacity of the area. In this context, an optimal and sustainable grazing plan
should be developed for the area.

There is no comprehensive data on the economic value of grazing activities in the area, and
managers are insufficient and lack knowledge on this subject. For this reason, it is necessary to
establish a detailed data set for the grass yield, carrying capacity, seasonal changes, and regional
grazing characteristics of the area.
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Inventory of non-timber forest products is an issue that deserves special attention. It was noted
that there is currently no inventory or sub-plan for non-timber forest products in the National Park
Region. No data on production and carrying capacity are available, and available data are minimal. A
management plan for non-timber forest products, resource values, carrying capacity, and marketing
opportunities must be developed immediately.

It was highlighted that there is no information on non-timber forest products inventory in the
National Park Management Plan. A similar lack is observed in the Regional Forestry Directorate and
the Regional Chiefdom plans. Local people collect products with economic value, such as mushroom
species and chestnuts, without any registration system. This causes severe damage to medicinal-
aromatic plants, endemic species, and biodiversity. A detailed inventory of non-timber forest products
should be made in the area. It is essential to conduct multidisciplinary field studies in line with this
objective. A mechanism for monitoring and tracking needs to be developed. A separate and specific
budget plan for non-timber forest products and a management plan should be developed. Assistance
from government officials is needed at this point. The budget plan to be prepared for funding and
activities could be more functional in providing the necessary government support on a larger scale.

There is no certification and marketing system for local and natural products. Data
management for non-timber products should be carried out with great seriousness. Research and
development activities should be promoted with the financial support provided.

The benefits of UNP to the carbon economy are clear. Therefore, when designing or assigning
areas such as National Parks, they should be taken into account not only for timber values but also for
their role in carbon securization.

In the fieldwork analyzes to be carried out physically, the pollution that occurs in areas with
excessive carbon accumulation will reflect the pollution created by the nearby settlement. Therefore, it
is possible to determine the economic evaluation of the pollution caused by Bursa city industry with
measurements to be made at different points in the UNP and Bursa center.

A contemporary management approach to biodiversity should be implemented in our country.
First of all, the most approximate values should be revealed to the existing natural resource inventory
through qualified environmental valuation studies. Management principles should be established
where the values excluding usage rates are also taken into account. Benefits and costs should be
determined by revealing biodiversity values, future profit acquisition and natural protection areas. In
some cases, when making decisions between letting the natural resource to itself and declaring a
natural protection area, methodological approaches in this study may be required. It is stated that there
is a need for a supreme board consisting of agricultural engineers, ecologists, biologists, ecologists,
ethnobotanists, health policy decision-makers, garden plants specialists, legal advisors, people
responsible for national park management, pharmacologists, plant breeders, plant pathologists and
resource economists in the natural resource management system, in which biodiversity is also taken
into consideration.

It is seen that the economic benefits of the UNP related to the protection of water resources in
the area are under threat by various risk factors (landslide, erosion, flooding, etc.). In this context, it
has been determined that there is no risk action plan in the administrative units. It has been determined
that no studies, examinations or measurements have been made for a factor that creates a large
negative externality such as erosion. It has been observed that there is no study on the interaction of
the area water source with biodiversity, carbon sequestration and other parameters. At this point,
studies on field hydrology and their interactions with the research field will provide benefits for the
holistic management of the field.

These conclusions and recommendations represents an approach to the total economic value
and management practices of the UNP. It is clear that the area has biological and ecological benefits
that have not yet been explained, and that the total economic value will increase when these benefits
are revealed in other studies in the future.
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Note: This study was produced from doctoral thesis.
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Oz

Bu c¢aligmada, Bozcaada topraklarinin ayrintili toprak etiid haritalamasi yapilmis ve 12 adet toprak
serisi saptanmustir. Bu serilere ait tipik toprak profilleri tanimlanarak horizon esasina gore toprak ornekleri
alimmig ve seri diizeyinde ayrintili toprak haritasi hazirlanmistir. Bozcaada’da saptanan toprak serileri genellikle
hafif-orta egimli yamag (konglomera, marn, kire¢ tasi, kum tasi, andezit), aliiviyal ve kumul depozitleri {izerinde
olusmusgtur. Bu serilerden Goztepe Serisi (769 ha) caligma alaninda saptanan en yaygin toprak serisi, ikincisi ise
492 ha alan ile Tuzburnu Serisidir. En dar alani ise sirastyla Habbele (142 ha), Camlik (145 ha) ve Bizan Serisi (
155 ha) topraklari olusturmaktadir. G6ztepe Serisi ayni zamanda ¢aligma alaninda en ytiksek ortalama egime (%
12) sahiptir. Fener ve Ova Serisi topraklari ise ortalama % 3-5 egim ile en diisiik egimli arazilerdir. Habbele
Serisi Ada’nin en yiiksek kire¢ igerigine sahip topraklaridir. Kil miktar1 en fazla olan seri (% 35-51 Kil)
Yerebakan Serisi, en diigiik olan1 ise (% 8 den az) Camlik ve Fener Serileri olarak belirlenmistir. Katyon
degisim kapasitesinin (KDK) en yiiksek degeri (43.48 cmol kg?), Ayazma Serisinin yiizey horizonunda
belirlenmistir. Camlik ve Fener Serileri % 90 ve daha fazla kum igermesi nedeniyle KDK degerleri olduk¢a
diisiik miktarda (3-5.5 cmol kg™?) bulunmustur. Toprak serilerinin yarayish potasyum igerikleri Habbele, Saraya
ve Ayazma Serileri disindaki diger serilerde az olarak saptanmistir. Yarayigh fosfor miktart tim serilerin
genellikle yiizey altinda az veya ¢ok az olarak saptanirken bazi serilerde yiizeyde yeterli olarak belirlenmistir.
Mikroelement igerigi neredeyse tiim toprak serilerinde yetersiz miktardadir. Tanimlanan toprak serileri toprak
taksonomisinin Entisol ordosunun orthents, fluvents ve psamments, Inceptisol ordosunun ise xerepts alt ordolari
icerisinde, WRB sistemine gore ise Fluvisols, Leptosols, Cambisols, Arenosols, Calcisols ve Regosols olarak
siniflandirilmagtir.
Anahtar Kelimeler: Bozcaada, toprak etiid haritalama, siniflandirma

The Soils of Bozcaada-I11 (Soil Characteristics, Mapping and Classification)

Abstract

In this study, detailed soil survey mapping of Bozcaada soils was made and 12 soil series were
determined. Typical soil profiles of these series were defined, soil samples were taken on a horizon basis, and a
detailed soil map was prepared at the series level. The soil series detected in Bozcaada were generally formed on
slightly-medium sloped slopes (conglomerate, marl, limestone, sandstone, andesite), alluvial and dune deposits.
Among these series, Goztepe Series (769 ha) is the most common soil series detected in the study area, and the
second is Tuzburnu Series with an area of 492 ha. The narrowest area is Habbele (142 ha), Camlik (145 ha) and
Bizan Series (155 ha) lands, respectively. Goztepe Serie also has the highest average slope (12%) in the study
area. Fener and Ova Series soils are the lowest sloped lands with an average slope of 3-5%. Habbele Series is the
soil with the highest lime content on the island. The series with the highest clay amount (35-51% clay) was
determined as the Yerebakan series, and the lowest (less than 8%) was determined as the Camlik and Fener
Series. The highest value of the cation exchange capacity (KDK) (43.48 cmol kg) was determined in the surface
horizon of the Ayazma series. Since Camlik and Fener Series contain 90% or more sand, their KDK values are
quite low (3-5.5 cmol kg ) was determined. The useful potassium contents of the soil series were determined to
be low in the other series except the Habbele, Saraya and Ayazma Series. While the amount of available
phosphorus was generally determined to be low or very low in the subsurface of all series, it was determined to
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be sufficient on the surface in some series Microelement content is insufficient in almost all soil series. The
defined soil series are classified within the orthents, fluvents and psamments sub-orders of the Entisol order and
the xerepts sub-orders of the Inceptisol order of soil taxonomy, and as Fluvisols, Leptosols, Cambisols,
Arenosols, Calcisols and Regosols according to the WRB system.

Keywords: Bozcaada, soil survey mapping, classification

Giris

Topraklarin verimli ve siirdiiriilebilir kullanimi ancak, onlarin ayrintili olarak etiid edilip
haritalanmasi ve siniflandirilmasi ile miimkiindiir. Kendi toprak siniflandirma sistemlerini gelistirmis
bazi iilkeler (Giiney Afrika, Fransa, Rusya, Avustralya, Yeni Zelanda ve Almanya gibi) mevcut
olmakla birlikte, iilkelerin bir ¢ogu da Eski Amerikan Toprak Smiflandirma Sistemi (Baldwin ve ark.,
1938) veya modern siniflandirma sistemlerinden olan Toprak Taksonomisi (Soil Survey Staff, 1999)
ve Dinya Toprak Kaynaklar1 Referans Sistemi (WRB, 2014) gibi uluslararasi sistemleri
kullanmaktadirlar.

Tiirkiye’de ilk toprak simflandirma calismalar1 K. Omer Caglar tarafindan yapilmistir. Bu
calismada, iilke topraklarinin morfolojik &zellikleri dikkate alinarak Tiirkiye Toprak Haritasi
olusturulmus ve ¢aligsma sonucunda 11 farkli toprak grubu belirlenmistir (Ding ve ark., 1987). Sonraki
yillarda, Topraksu Genel Miidiirliigii 1966-1971 yillar arasinda Tiirkiye Gelistirilmis Toprak Haritasi
Etidlerini ylrttmustiir. Bu g¢alismada, tiim {lke topraklari 1/25.000 o6lgekli topografik haritalar
kullanilarak istiksafi diizeyde ele alinarak incelenmistir. Haritalama {initesi olarak 1938 Amerikan
Toprak Simiflandirma Sisteminin biiyiik toprak gruplan ile arazi gozlemleriyle saptanan bunlarin
onemli fazlari (derinlik, egim, taglilik, asinim derecesi vb) dikkate alinarak haritalar olusturulmustur.
Saptanan veriler dogrultusunda iller bazinda 1/100.000 6lgekli Toprak Kaynagi Envanter Haritas1 ve
Raporu, 26 Biiyiik Su Toplama Havzasi icin de 1/200.000 6lgekli Havza Toprak Haritasi ve Raporu
hazirlanarak yayimnlanmistir. Bu ¢alisma, yoklama diizeyinde (istiksafi) oldugundan 1/25.000 6lgegin
olanak tanidigi biitiin ayrintilara yer verilememistir.

Tirkiye’de yiriitilen detayli toprak etiid haritalama caligmalari ve modern simiflandirma
sistemlerini i¢eren ayrintili caligmalar, baz1 biiyiik ovalar, devlete ait bazi tarim isletmeleri, yiiksek
lisans ve doktora tezleri gibi ¢aligsmalar disinda iilke genelini kapsamamaktadir. Bunlara; Cukurova
Bolgesi Topraklari (Ding ve ark.,1995), Tiirkgeldi ve Tahirova (Anonim, 1986 a,b), Ceylanpinar
(Anonim, 1992) vb. Devlet Uretme Ciftligi (DUC) tarim isletmesi topraklarinin detayl toprak etiid
haritalanmasi, Ekinci (1990), Carpik (1998), Ekinci ve ark., (2004), Ozcan ve ark., (2004), Yigini
(2006), Everest (2015) gibi caligmalar 6rnek olarak verilebilir.

Ekinci (1990), yapmus oldugu doktora ¢aligmasinda Tiirkiye Genel Toprak Haritasinin toprak
taksonomisine gore diizenlenebilme olanaklarin1 Tekirdag 6rneginde ¢alismigtir. Calisma sonucunda,
Toprak Taksonomisinin Entisol, Inceptisol, Alfisol, Mollisol ve Vertisol ordolarina ait 10 adet alt ordo
ve bunlarin 16 adet biiylik toprak grubunu saptanmistir. Sonug¢ raporunda, her bir biiylik toprak
grubunun olusumu, dnemli fiziksel, kimyasal ve mineralojik ortaya konulmustur. Bunun yaninda, s6z
konusu topraklar FAO/UNESCO sistemine gore 18 sinif i¢erisinde siniflandirilmistir.

Bozcaada, cografi konumu nedeniyle turizm, bagcilik ve sarapgilik bakimindan onemli bir
merkezdir. Ozellikle iklim ve topraga bagli olarak sarap kalitesinin one ¢iktigi Ada’min toprak
ozelliklerinin bilinmesi giderek 6nem kazanmaktadir. Bu c¢alismada, Bozcaada’nin ayrintili (seri ve
fazlar diizeyinde) toprak etiid haritalama ¢alismasi yapilmig ve ¢alisma sonucunda iiretilen detayl
toprak haritasinda yer alan toprak serilerini temsil eden toprak profillerinin arazi gozlemleri ve
laboratuvar analizlerine gore morfolojik, fiziksel ve kimyasal 6zellikleri belirlenmistir. Bu veriler
dikkate alinarak Bozcaada topraklari modern toprak siniflandirma sistemlerine gore siniflandirtlmistir.

Materyal ve Yontem
Bozcaada yaklasik 36 km? yiiz 6l¢iimiine sahip, Canakkale nin bir ilgesidir (Sekil 1).
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Sekil 1. Calisma Alaninin Cografi Konumu
Figure 1. Geographical Location of the Study Area

Calismada toprak ornekleri temel materyal, cesitli toprak, jeolojik ve topografik haritalar ile
hava fotograflan ise kartografik materyal olarak kullanilmistir. Calisma alanina ait iklim, jeoloji ve
topografik oOzelliklere ait veri ve haritalar ¢alismanin ilk boliimiinii iceren “Bozcaada Topraklari-I
(iklim-jeoloji-topografy) adli makalede (Yigini ve Ekinci, 2018) sunulmustur. Calismanin bu
boliimiinde ise, tanimlanan 12 adet toprak serisine ait toprak profillerinden alinan topraklarin bazi
fiziko-kimyasal Ozellikleri, haritalanmasi ve smiflandirilmasi ele alinmistir. Bu amagla yiiriitiilen
toprak etiid caligmasi sonucunda belirlenen 12 adet toprak serisini temsil eden toprak profilleri
morfolojik olarak incelenmis ve horizon esasina gore toprak ornekleri alinmistir (Soil Survey Staff,
1993). Calisma alanina ait kartografik materyallerin iglenmesi ve yorumlanmasinda uzaktan algilama
ve cografi bilgi sistemleri yazilimlari kullanilmistir. Topografik haritalarin sayisallagtirilmasinda
islenmesinde, hava fotograflarinin analizlerinde, toprak veri tabanlarinin hazirlanmasinda, dijital
yiikseklik modeli, yoney, egim haritasi, topografik nemlilik indeksi katmani ve sayisal toprak
haritasinin tiretilmesinde ArcGIS 10.2 (ESRI, 2014) ve SAGA GIS (2014) cografi bilgi sistemleri ve
ERDAS IMAGINE (2010) uzaktan algilama yazilimlari kullanilmisgtir.

Toprak orneklerinin rengi Japon tipi Munsell renk skalasi ile, toprak pH’s1 1:2.5 toprak- su
karigiminda 420A model Orion marka pH-metre ile, kire¢ miktar1 Scheibler kalsimetresi ile
(Schlichting ve Blume, 1966), organik karbon miktar1 Smith — Weldon metoduna (Nelson ve
Sommers, 1996), aktif kire¢ Drvineau-Galet yontemi ile (Galet, 1979), toprak tekstiirii hidrometre
yontemi ile (Bouyoucous,1951), katyon degisim kapasitesi sodyum asetad yontemiyle (USDA, 1954)
belirlenmistir. Makro ve Mikro Element analizleri Mechlich- III ekstraksiyon yontemi ile ICP-MS
aletinde yapilmis ve konsantrasyonlar1 ppm olarak sunulmustur (Mehlich, 1984). Calisma alanina ait
arazilerde yapilan ayrintili haritalama ve etiid ¢alismalarinda, haritalama tinitesi olarak toprak serileri
ve bunlarin 6nemli fazlari dikkate alinmustir (Soil Survey Staff, 1993). Toprak etiid ve haritalama
calismasinda izlenen yontem Sekil 2 de (Ding ve Senol, 1997), calismada agilan toprak profillerinin
ve kontrol noktalariin yerleri ise Sekil 3 de sunulmustur.
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[ TOPRAK ETUT CALISMALARIT ICIN I$ AKIS SEMASIT ]

I. BURO CALISMALARI
-Is Planmun Yapilmas:, On Bilgilermn Toplanmas:
-Kartografik Materyalin Secilmesi. Almmasi ve Yoruma Hazirlanmas:
-Yorumlama ve Gegici Toprak smurlannmm Cizilmesi
-Yorum Haritasmm Hazirlanmas: ve Profil Cukum Acilacak Yerlerin
fizyografyaya Dayali Olarak Belirlenmes:

I AiRAZi CALISMALARI
-Profil Cukur Yerlerinin Arazide Kararlastirlmasi
-Profil Cukurlarinin A¢ilmasi, Tamimlanmas: ve Omeklenmesi
-Toprak Haritalama Lejant: I¢in Gerekli Bilgilerin Toplanmasi

v

v

LABORATUVAR CALISMATLARIT
-Topraklarin Analize Hazirlanmas:
-Fiziksel Analizler
-Kimyasal Analizler

I BURO CALISMATL ARI
-Toprak Haritalama Lejantmin Hazirlanmas:
-Ekiplerin Olusturulmas:
-Yorumlann Yeniden Kontroli

-Analiz Sonuglarinin kontrolii
-Tammmlayic: Horizonlarin Saptanmas:
-Toprak Nem ve Sicaklik Rejiminin
belirlenmesi

-Smuflama

-Mineralojik Analizler l’
l IO ARAZI CATISMALARIT
~-Ekipler Halinde Toprak Smirlannm arazide
TOPRAKLARIN Kesinlestirilmesi ve Harita Sembollerinin
SINTFLANDIRILMAST belirlenmesi

-Toprak Haritasimnimn Kontrolii

h

BASKI HARITASININ ¢izini I

v

RAPOR YAZIMI, BASIMI VE
TUM VERILERIN TOPRAK VERI BANKASINDA DEPOILANMAST

Sekil 2. Toprak etiid haritalama ¢aligmalari i¢in is akig diyagrami (Ding ve Senol, 1997).
Figure 2. Workflow diagram for soil survey mapping studies (Din¢ and Senol, 1997).
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Sekil 3. Caligsma alaninda agilan toprak profillerinin yeri ve kontrol noktalar
Figure 3. Location and control points of soil profiles opened in the study area
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Bulgular ve Tartisma

Yiiriitiilen ¢alismada jeomorfolojik birimler iizerinde 12 adet toprak serisi tanimlanmistir. S6z
konusu toprak serileri ve bunlarin fazlarimi igeren temel toprak haritasi Sekil 4 de sunulmustur.
Tanimlanan 12 adet toprak serisini temsilen agilan toprak profillerinin bulunduklar1 g¢evreye ve
profillere ait goriintiiler Sekil 5° de toplu olarak sunulmustur.

onmtna e oca wos e

Ov 2Bd1 10 x0
Gz 2Ed313x0
Ov 2Bd210 x0
Fe 1Bd110x0
Az 1Cd2 10 X0 Yerlesim
Gz 2Bd2 3 x0
Sr58d2t1 x0
Ga 18411040 Hb 5843 t3 X0
D Gz 2Bd2t1 x0
Bz 5Ad1 10 X0
Hb 5Cd2 t1 x0 Bn 2Bd1 10 x0
Hb 5Bd3 t3 x0 Ay 4Cd1 10 X0
Sr5Cd2 10 x0
Ay 4Bd110 X0
Gz2Cd213 X0
Bz 5Ad210 x0
Ay 4Cd2 10 X0
Yb 5Cd1 10 x0
Yb 5Cd3 10 x0
Tz 2843 12 X0
Tz 2Bd4 13 X0
= W<€§>E Bozcaada - Detayh Toprak Haritasi
et . 0 1 = 4 6 A
S — — Kilometers
Ust Toprak Tekstiirii Egim siniflan Toprak Derinligi Yiizey Taghhig: Drenaj Siniflan  Yiizey Toprag:
1: Kum, tinli kum A %02 d0: Gok derin (120+ cm) T0: Tassiz Xo: lyi r: Hafif dalgall Az 1 .Adz t2 X 1
2: kumlu tin, siltl tin, tin Ar % 1-2 d1: Derin (90-120 cm) T1: Aztagh (% 2-15) X1: Onta r2: Dalgali, onduleli
4: silli kil tin, kil tm B: % 2-6 d2: Orta derin (60-90 cm) T2: Orta tash (% 15-50) X2: Yetersiz
5: kumlu kil, kumlu kil tin, kil C: % 6-12 d3: 1§ (30-60 cm) T3: gok tasl (% 50-90) X3: Fena
D: %12-18 dd: Gok s (10-30 cm)
Ex.%18x Seri Tekstiir Egim Derinlik Tashlik Drenaj

Sekil 4. Bozcaada ayrintili temel toprak haritasi
Figure 4. Detailed base soil map of Bozcaada
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Ayazma

' Habbele

Saraya

Sekil 5. Calisma alaninda saptanan toprak serilerinin ¢evresi ve profil goriiniimleri.
Figure 5. Surroundings and profile views of the soil series detected in the study area.

Toprak profillerinin baz1 morfolojik ve fiziksel 6zellikleri (Cizelge 1), toprak serilerini temsil
eden toprak profillerine ait baz1 kimyasal 6zellikler ise Cizelge 2 de sunulmustur.
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Cizelge 1. Toprak serilerine ait profillerin baz1 morfolojik ve fiziksel 6zellikleri
Table 1. Some morphological and physical properties of profiles of soil series

Seri ad1 ve Horizon Derinlik Renk(nemli) Striiktiir Kivam(kuru, Biinye (kil)  Kireg Ana
sembolil (cm) nemli, yas) (%) Materyal
A 0-16 25YRA4/5 oogr yu ge ay ap SCL 24.19
Yerebakan AB 16-41 25YR3/5 00 ykb ¢st ¢sk ¢y ¢p C 4520 az
(Yb) Bw 41-75 25YR3/4 kv o ykb ¢st ¢sk ¢y ¢p C 53.05 az Kiregtasi
C 75-124 25 YR 3/4 ms ¢cst ¢sk ¢y ¢p C 53.20 az Andezit
Tuzburnu A 0-18 5YR 3/4 o ke gr yu ge ay ap SCL 4448 az Kirectast
(Th) R 18+ -
Bozcaada Ap 0-12 10 YR 5/4 zkg gr yu ge ay ap SCL 23.04 - Aliiviyal
Bz Al 12-45 10 YR 3/4 00 ykb yu ge ay ap CL 31L77 az
2A 45-75 10 YR 3/3 k o ykb st ¢sk yp SCL 3183 az
2C1 75-106 10 YR 4/4 ms stskyp CL 27.82 orta
A 0-14 10 YR 4/6 z ke gr ddydpd SL 1500 ¢okaz
Goztepe AC 14-30 10 YR 4/6 teksel ddydpd SL  17.17 g¢okaz Kum tas1
(G2) C 30-39 10 YR 4/6 teksel ddydpd SL 1293 cokaz
Ap 0-20 10 YR 3/6 z ¢ke gr yu ge ay pd SL 1655 az
C 20-52 10 YR 4/4 ms yu ge ay pd SCL 3193 az
Ova (Ov) 2A 52-80 10 YR 4/6 zgr hst sk ay ap SCL 3384 az
2AC 80-108 10 YR 4/6 ms hst sk ay ap SCL 29.35 orta
2Ck 108+ 10 YR 6/6 ms stskayp C 4249  c¢ok Aliiviyal
Ap 0-21 10 YR 4/4 zkg gr yu ge ay ap SL 1960 orta
2A 21-45 10 YR 4/4 zoykb yu ge ay ap L 2271 orta
Bizan (Bn) 2C 45-71 10 YR 4/4 ms yu ge ay ap L 20.69  ¢ok
3A 71-87 10 YR 4/3 00 Yykb yu sk ay ap L 25.38  ¢ok
3C 87-100 10 YR 4/4 ms yu ge ay ap SCL 20.99 ¢ok
4A 100-127 10 YR 4/4 00 ykb yu sk ay ap CL 3291 ¢ok
4Cg 127+ 2.5Y 5/4 ms yuskyp CL  39.31 c¢ok Aliiviyal
C 0-61 25Y5/4 teksel d ge yd pd LS 882 ¢ok az
Azmak (Az) 2C 61-80 25Y5/4 teksel d ge yd pd SL 1425 ¢okaz
A 80-101 10 YR 4/3 00 ykb d ge ay ap SCL 20.85 orta
R 101+ - - - - - Kireg tasi
Al 0-22 10 YR 3/1 kogr stskyp CL 28.66 orta
A2 22-55 10 YR 3/3 0o ykb yu sk ay ap CL 38.67 orta
Ayazma C1 55-79 10 YR 3/3 ms stskyp C 4114  orta
(Ay) C2 79-102 10 YR 4/5 ms stskyp C 42,73 ¢ok Kireg tasi
C 0-24 75YR5/5 teksel ddydpd S 3.85 az
2AC 24-33 10 YR 5/6 teksel ddydpd LS 7.92 az
Camlik (Ca) 2C 33-44 10 YR 5/4 - ddydpd S 7.90 az
3Cr 44-68 10 YR 4/5 - d yu ge ay ap SCL 23.18 ¢ok Kireg tasi
C 0-27 25Y6/5 teksel ddydpd S 5.85
Fener (Fe) 2C 27-82 25Y6/4 teksel ddydpd S 3.85 Kumtag1
3C 82-99 10 YR 5/5 teksel ddydpd LS 5.90 Kireg tasi
Habbele Ap 0-16 10 YR 5/6 z ke gr yu ge ay ap SCL 2166 agsim
(Hb) AC 16-40 10 YR 5/6 00 ykb hst hsk ay ap SCL 3336  agsin
Cr 40-60 7.5 YR 5/5 ms - SCL 30.35 asir Kireg tasi
Ap 0-12 10 YR 5/4 oogr yu ge ay ap SCL 2219 asin
A2 12-34 10 YR 4/4 zoykb hstsky p SCL 2523  asin
Saraya (Sr) AC 34-41 10 YR 5/4 00 ykb hstskyp SCL 3186 agsin
R + - - - - - Kireg tag1

Striiktiir:z-zayif, o-orta, k-kuvvetli, gr-graniiler, ykb-yar1 koseli blok, ms-masif, k¢-kiigiik, ¢k¢-ms ¢ok kiigiik

Kivam: d-dagilgan, yu-yumusak, ge-gevsek, ay- az yapiskan, ap- az plastik, st- sert, ¢st-cok sert, ¢sk-cok siki, ¢y- cok

yapiskan, ¢p-¢ok plastik, yd- yapigskan degil, pd- plastik degil. Tekstiir: C-kil, SCL- kumlu kil tin, S-kum, L-tin, Si-silt, CL-
killi tin, SL- kumlu tin. Renk: Kuru

434




COMU Zir. Fak. Derg. (COMU J. Agric. Fac.)

Arastirma Makalesi

Research Article
Cizelge 2. Toprak serilerine ait profillerin bazi kimyasal 6zellikleri
Table 2. Some chemical properties of profiles of soil series
Seri Hor. Aktkir OM pH KDK P.0s KO Mg Ca Na Fe Zn Cu Mn B Mo
(%) (%) 1:25 cmolkg-* mgkg-!
t.su
Yerebakan A 035 041 7.35 16.37 8.69 86.73 158.74  914.07 63.01 1312 0.269 0.086 5.935 0.063 0.496
AB 038 0.76 8.03 - 1.71 655.85 1349.47 9576.27  54525.69 0.548 0.021 0.023 3.829 0.021 0.129
Bw 0.67 0.59 7.86 35.61 1.17 196.26 81158  5346.67 398.06 0.504 0.019 0.018 2.695 0.029 0.048
C - 0.43 8.30 36.30 1.45 110.52 743.16  5631.30 409.54 0.820 0.022 0.022 4.068 0.016 0.009
Tuzburun A 095 5.20 8.03 20.38 1194 249.36 171.79 3610.36 69.90 1516 0.313 0.019 3.936 0.028 0.006
A 0.1 2.16 7.46 14.80 1479 12566 202.84 250450 71.20 1735 0.195 0.017 5675 0.043 0.010
Goztepe AC 05 1.05 7.10 1.50 6.82 10.24 3.22 244.13 52.53 1434 0.045 0.010 6.984 <0.0005 0.006
C - 0.43 7.02 12.48 4.03 34.91 143.68  2196.41 56.82 0.896 0.036 0.007 3.762 <0.0005 0.001
Bozcaada  Ap 0.0 1.40 7.19 17.39 71.88 90.86 128.11 1178.29  51.43 2164 0.261 0.220 2.625 0.124 <0.0003
A2 0.1 0.81 714 2235 49.16 72.66 402.95 370421 81.89 4107 0.098 0.119 5.075 0.067 <0.0003
2A 0.1 0.75 7.49 23.16 7.46 76.20 326.63  4027.60 91.77 3.639 0.030 0.067 3.538 0.032 <0.0003
Ap 0.3 1.67 7.12 9.83 40.77 117,70  257.79 1419.05 74.10 7126 0254 0.224 9.132 <0.0005 0.001
Cc 0.3 1.03 7.30 23.50 2.78 79.45 57474  3594.03 143.60 2955 0.032 0.061 1192 <0.0005 0.017
Ova 2A 0.5 0.86 7.75  40.44 2.13 73.55 500.32  7105.44 150.79 1568 0.025 0.042 4.626 0.045 0.011
2AC 0.2 0.55 7.47 39.66 1.39 74.14 50253 6917.73 182.45 1.734 0.023 0.040 4.484 0.079 0.012
Ap 11 1.40 7.76 25.86 7.12 75.61 378.95 441425 116.54 3.110 0.126 0.067 5.006 0.029 0.001
2A 2.0 1.12 7.48 36.50 4.46 76.50 715.79 587410 249.66 2567 0.040 0.060 2474 0.096 0.002
Bizan 2C 2.0 0.66 8.24 3564 3.26 60.18 745.26  5610.90 307.68 1917 0.036 0.052 2.980 0.039 <0.0003
3A 2.2 0.73 8.16 38.33 2.10 58.31 998.95  5659.86 392.17 1.404 0.015 0.048 2.877 0.048 <0.0003
3C 2.2 0.55 8.05 39.18 1.35 51.92 993.68  5884.30 343.53 1.278 0.024 0.031 1.683 0.050 <0.0003
4A 3.4 0.64 8.00 - 1.02 54.18 1429.47 599550 56622.83 0.862 0.030 0.042 1.746 0.127 <0.0003
Azmak 2C 0 0.46 7.33 6.77 23.96 43.81 91.05 1126.26  66.31 1190 0.046 0.043 3.775 <0.0005 <0.0003
3A 0.2 0.63 7.63 20.10 1458 79.06 225.68 355221 71.10 2151 0.060 0.076 3.796 <0.0005 <0.0003
Al 1.7 2.80 744  43.48 9.22 684.37 581.05 7322.73 89.88 1.091 0464 0.035 3.828 0.038 0.003
Ayazma A2 2.2 1.06 7.42 26.25 1.86 236.18 208.11  4719.27 86.28 0.756 0.028 0.040 3.921 <0.0005 0.002
C1 2.2 0.72 7.74 19.08 2.73 108.55 133.58 348182 72.40 1.689 0.015 0.041 4934 <0.0005 0.004
C2 2.0 0.48 7.71 28.05 2.19 149.36 195.26 514570 85.08 1.873 0.022 0.047 5.545 <0.0005 0.001
C - 0.27 7.42 2.96 2.30 40.17 34.61 471.42 50.83 1.140 0.016 0.004 2.250 <0.0005 <0.0003
Camlik 2AC - 0.43 7.09 5.10 2.28 74.14 95.05 769.20 66.81 2299 0.021 0.007 8562 <0.0005 <0.0003
2C - 0.29 7.25 453 1.29 65.39 69.89 696.77 70.20 1.397 0.014 0.005 3.066 <0.0005 <0.0003
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Tablo 2.

nin devamu
C 2.1 0.52 7.69 17.76 1049 37.87 68.11 3375.72  58.02 0.881 0.256 0.003 1.431 0.002 <0.0003

Fener 2C - 0.34 7.60 7.91 3.67 31.70 18.24 1489.44  56.52 1.233 0.080 0.003 0.924 0.003 <0.0003
3C - 0.23 7.46 5.40 2.54 94.30 37.69 908.97 71.50 1.965 0.017 0.005 2.291 <0.0005 <0.0003
Ap 174 156 7.58 33.89 6.34 276.70  190.95 6240.34  105.56 0.772 0.083 0.068 6.434 <0.0005 <0.0003

Habbele AC 200 1.17 7.57 35.92 1.30 206.29 243.79 6600.45 99.06 1.163 0.020 0.025 8.133 <0.0005 <0.0003
Cr 20.2 0.92 7.60 34.00 1.89 127.43 216.84 6290.33 111.35 1.107 0.030 0.019 5585 <0.0005 <0.0003
Ap 200 1.72 7.61 33.84 11.72 296.85 182.11 6242.38  96.77 1.205 0.463 0.032 7.553 <0.0005 <0.0003

Saraya A2 205 1.34 7.47 34.45 2.29 191.35 188.42 6401.52 102.46 0.518 0.066 0.032 6.244 <0.0005 <0.0003
AC 225 0.83 7.71 38.34 1.38 147.69 272.00 7055.45 114.94 0.634 0.023 0.015 4.176 <0.0005 <0.0003
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Bozcaada temel toprak haritasini olusturan toprak serileri ve Bozcaada’nin (SRTM 100 m)
yiikseklik verisi kullanilarak yiikseklik ve egim haritalar1 hazirlanmistir (Yigini ve Ekinci, 2018). Bu
sayisal veriler yardimiyla zonal istatistikler hesaplanmig ve toprak serilerinin toplam alani ile ortalama
egimleri ve ylikseklikleri belirlenerek Cizelge 3 de sunulmustur.

Cizelge 3. Calisma alan1 toprak serilerinin alani, egim ve yiikseklik durumlari
Table 3. Area, slope and elevation conditions of the study area soil series

Seri Adi Alan Ortalama egim (%) Ortalama yiik. (m)
(ha)
Habbele 142.25 7.09 41.17
Saraya 236.70 6.44 49.18
Yerebakan 272.98 8.72 47.63
Tuzburnu 492.40 9.00 42.70
Goztepe 769.26 12.10 51.83
Bozcaada 249.65 5.81 22.12
Bizan 155.93 5.49 38.93
Azmak 421.13 3.30 26.82
Ova 221.58 5.32 29.35
Ayazma 377.50 7.72 50.31
Camlik 145.99 3.73 40.78
Fener 176.23 3.31 18.68
Yerlesim 37.15 6.57 19.66

Caligma alaninda saptanan toprak serilerini temsil eden toprak profillerine ait 6zellik ve tanimlamalar
yukaridaki sekil ve ¢izelgelerde sunulmustur. Bunlar; toprak profillerinin goriintiileri, bazi fiziksel,
kimyasal ve morfolojik 6zellikleri, toprak serilerinin kapladigi toplam alanlar ile ortalama egim ve
yiikseklik durumlaridir. Bu 6zelliklerin tiimii dikkate alinarak s6z konusu serilerin bazi temel
karakteristikleri asagida belirtilmistir.

Toprak Serileri ve ozellikleri

Ayazma Serisi Topraklar: (Ay)

Ayazma Serisi topraklari, Adanin giineyinde yer alir ve yaklagik 380 ha alan kaplamaktadir.
Arazi egimi % 0.5- % 31arasinda degismektedir. Bu seriye ait arazilerin deniz seviyesinden ortalama
yiiksekligi 50 m’dir. Seri topraklar1 derin bir profil yapisina sahip olup konglomera ve kalker {izerinde
olusmustur. Toprak pH’s1 profil boyunca 7.44-7.71 arasinda, organik karbon igerigi ise ylizeyde %
2.80 ile Adanin diger bolgelerine gore oldukca yliksektir. Seri topraklarinda herhangi bir tuzluluk ve
drenaj problemine rastlanmamistir. Yiizeyden derine dogru kireg igerigi %4-7 arasinda degigsmektedir.
Bagcilikta 6nemli bir faktor olan aktif kireg ise en fazla %2.2 olarak saptanmigtir. Tekstiir yiizeyde kil-
tin, alt horizonlarda kil blinyeye sahiptir. Ayazma serisi Bozcaada’nin giineydogusu boyunca uzanan
ve aktif olmayan faym bir kismin1 kapsamaktadir.
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Azmak Serisi Topraklari (Az)

Bu seri topraklar yaklasik 421 ha ile Tuzburnu Serisinden sonra en genis alan1 kaplamaktadir.
Genellikle aliivyon alanlarda yayilim gostermektedir. Profilinde horizon dizimi C-A-R seklindedir.
Yiizeyde bulunan kaba biinyeli C horizonunun altinda 80 cm derinlikte gomiilii bir A horizonu
bulunmaktadir. Bu seri topraklar ortalama % 3 civarinda egime sahip olup calisma alaninin en diiz
arazileridir ve deniz seviyesinden ortalama 27 m yiiksekliktedirler Yiizey topragi kumlu tin biinye,
altta ise tekstiir kumlu killi tindir. Ana kaya marn olmasina ragmen iizerinde olusan ve tasinarak gelen
topragin toplam kireg igerigi tahmin edilenden daha azdir. Aktif kireg icerigi ise ylizeyde 0 iken alttaki
A horizonunda % 2 olarak saptanmuistir.

Bizan Serisi Topraklar: (Bn)

Arazi kullanimimin bag ve zeytin oldugu yaklasik 156 ha alan kaplayan bu seri topraklar
ortalama % 5.5 egime sahiptir. Toprak reaksiyonu (pH) 7.89’a kadar yiikselebilmektedir ve kireg
icerikleri % 2’den fazladir. Toprak biinyesi ylizeyde kumlu tin, alt horizonlarda ise kumlu kil tin ve kil
tindir.

Bozcaada Serisi Topraklar (Bz)

Bu seri topraklart derin profilli, yaklasik 250 ha alana yayilan, bagcilik yaninda kiigiik 6lgekli
sebze tariminin da yapildigl tamamen diiz arazilerden olusmaktadir. Aliiviyal ana materyal iizerinde
olusmuslardir ve ortalama egim yaklasik % 6, deniz seviyesinden yiikseklik 22 metre civarindadir.
Profilinde Azmak serisinde oldugu gibi gomiilii A horizonu igermektedir.

Camlik Serisi Topraklar (Ca)

Batisinda Fener Serisi, kuzeyinde ise Ova Serisi arazilerine komsu olan bu seri topraklari
yaklasik 146 ha alanda yayilim gostermektedir. Yiizeyde kil tin, alt horizonlarda kumlu kil tin biinye
baskindir. Deniz seviyesinden ortalama yiiksekligi 40 m, ortalama egimi ise % 4 civarindadir.

Fener Serisi Topraklar (Fe)

Fener Serisi topraklar1 yaklasik 176 ha alana yayilmaktadir. Ortalama egimi % 3 ve deniz
seviyesinden ortalama yiiksekligi ise yaklasik 19 m’dir. Bozcaada’nin bati ucunda yer alan hareketli
kumullardan olusan Fener Serisi C-2C-3C horizon dizilimindedir. Toprak gelisiminin ¢ok zayif
oldugu, tarimsal agidan verimsiz arazilerden olugmaktadir. Herhangi bir tarimsal faaliyetin
yapilmadigi bu seri topraklari tizerinde bitki ortiisiin aralikli dogal otlar ve ¢aliliklardan olugsmaktadir.

Bozcaada’nin batt kisminda % 6’lik bir boliim, kabaca tliggen sekilli kiyr kumullar tarafindan
kaplanmaktadir. Kumul morfolojisi genel olarak fincan sekilli deflasyon gukurlari kumul sirtlari ve
bunlarin arasindaki deflasyon oluklari ile temsil edilmektedir. Iklim (&zellikle riizgar) kosullar, kiy
kumullariin taginmast ve kumul morfolojisinin sekillenmesinde 6nemli rol oynamaktadir. Bunun
sonucu olarak kumul sirtlar1 ve depresyonlarinin uzanim dogrultulari ile riizgar frekanslari arasinda iyi
bir uyum vardir. Kiy1 kumul alaninin giiney ve giineybati kesimleri 1962-2008 yillar1 arasinda bitki
ortiisii ile kaplanmis, 2008 y1l1 sonrasinda ise kumul alaninin énemli bir boliimii kumul vejetasyonu ile
ortillmiistiir. Bozcaada'da yaz aylarinda siddetlenmekle birlikte Thornthwaite su bilangosuna gore 6 ay
su a¢igl yasanmaktadir. Bu durum, toprak igerisindeki nem miktarini minimuma indirgemekte ve
kumullarin riizgar ile kolay tasinabilir bir hale gelmesine neden olmaktadir. Hakim riizgar yoni
haziran digindaki tiim aylarda ve yillik ortalamada kuzey kuzeydogu yéniindedir (Oztiirk ve ark.,
2011).

Goztepe Serisi Topraklar (Gz)

Goztepe Serisi topraklari Bozcaada’nin en fazla egime sahip arazilerini kapsayan, sig bir
toprak profiline sahip, genellikle andezit ve konglomera {izerinde olusmustur. Yaklasik 770 ha bir
alana sahip bu seri topraklarinda ortalama egim % 12 civarinda olmakla birlikte yer yer % 61’e kadar
cikabilmektedir. Adanin en yiiksek noktast olan Goztepe (187 m) bu seri igerisinde yer almaktadir.
Hakim bitki ortiisii Goztepe ve eteklerinde seyrek dogal vejetasyon (abdesbozan vb) iken, giineyde
diisiik egimli yamag arazilerde ise baglar yer almaktadir. Toprak profili genellikle kumlu tekstiirlii
olup kireg igerikleri disiiktiir.

Habbele Serisi Topraklar: (Hb)

Bu seri topraklar1t Ada’nin giiney batisinda 143 hektarlik bir alanda yayilim gosteren bu seri
topraklar1 konglomera, marn ve bazi bolgelerde aliivyonlar tizerinde olugmustur. Ortalama egim % 7-8
arasinda olup deniz seviyesinden yaklasik 42 m yiikseklikte olan arazilerde yer almaktadir. Arazi
kullaniminda bagcilik baskindir. Ana materyal 6zelliklerine bagli olarak Ada’nin en yiiksek kire¢
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icerigine (% 35-51) sahip bolgesidir. Bunun yaninda aktif kire¢ igerigi de profil boyunca % 20 ye
kadar ytikselmektedir. Toprak biinyesi profil boyunca kumlu kil tindir.

Ova Serisi Topraklar: (Ov)

Bu seri Ada’da bagciligin en yogun oldugu kisim olup yaklasik 222 ha alana yayilmaktadir.
Bu seri arazileri deniz seviyesinden ortalama 30 m yiiksekliktedir ve ortalama % 5 egime sahiptir. S6z
konusu seri topraklari, temel toprak haritasinda derinlik fazi ile ayrilmis iki haritalama {initesinden
olugmaktadir. Ana materyal konglomera, kumtasi ve marn karigimindan olugmaktadir. Toprak profili
derin ve yiizey altinda gomiilii A horizonu barindirmaktadir. Toprak biinyesi ylizeyde kumlu tin,
ylizey alt1 horizonlarda kumlu kil tin ve Ck horizonunda kildir. Yiizeyden itibaren yaklagik 1 metreye
kadar kire¢ oldukea diisiik iken bu noktadan sonra % 25’e kadar yiikselmektedir.

Saraya Serisi Topraklari (Sr)

Saraya Serisi topraklar1 deniz seviyesinden yaklagik 50 m yiikseklikte konglomera ve kumtasi
iizerinde olusmustur. S6z konusu seri topraklari yaklagik 237 ha alana yayilmis olup, komsu oldugu
Habbele Serisine olduk¢a benzer 6zelliktedir ve oldukga kirecli bir profile sahiptir. Profilinde toplam
kire¢ % 52’ye kadar yiikselmektedir

Tuzburnu Serisi Topraklar: (Tz)

Tuzburnu Serisi kapladigi yaklasik 492 ha alan ile ¢alisma alaninda saptanan en yaygin toprak
serisidir. Oldukga s1g ve A-R horizon dizilimli profile sahip seri topraklari, mermer ve kristalin kalker
ana kayast Uzerinde olusmustur. Ana kaya kirectasi olmasi nedeniyle toprak rengi kirmizidir.
Tuzburnu Serisi arazilerinin egimi % 9-34 arasinda degismekte olup deniz seviyesinden ortalama 43 m
yiikseklikte yer almaktadir. Si1g toprak profilinde organik madde igerigi % 5 civarindadir. Yiizey
tagliliginin fazla oldugu seri topraklarinda, koklii kireg tasi kayaclart yiizeyde goriilmektedir.

Yerebakan Serisi Topraklari (Yb)

Yerebakan Serisi topraklari Ada’nin giiney dogusunda yayilim gostermekte ve 273 ha alan
kaplamaktadir. Tuzburnu Serisi ile komsu olan bu seriye ait topraklar olduk¢a derin bir toprak
profiline sahiptir. Seri arazilerinin ortalama egimi % 9 civarinda olup deniz seviyesinden ortalama
yiiksekligi yaklasik 48 m’dir. Profilleri boyunca kire¢ igerikleri cok az olup toprak biinyesi yiizeyde
kumlu kil tin, alt horizonlarda agir biinye ( kil igerigi % 53) baskindir.

Cizelge 4. Bozcaada topraklarinin siniflandirilmasi
Table 4. Classification of Bozcaada soils

Seri Adi Toprak Taksonomisi (Soil Survey Staff, 2014)  Diinya Toprak Kaynaklar1 Referans
Sistemine (WRB,
2014)

Habbele Typic Xerorthents Haplic Leptosols

Yerebakan Typic Haploxerepts Haplic Cambisols

Saraya Lithic Calcixerepts Leptic Calcisols

Tuzburnu Lithic Xerorthents Lithic Leptosols

Goztepe Typic Xerorthents Haplic Regosols

Bozcaada Typic Xerofluvents Haplic Fluvisols

Bizan Typic Xerofluvents Thapto-Haplic Fluvisols
Azmak Typic Xerofluvents Thapto-Haplic Fluvisols

Ova Typic Xerofluvents Thapto-Haplic Fluvisols
Ayazma Typic Haploexerepts Haplic Cambiols

Camlik Typic Xeropsamments Haplic Arenosols

Fener Typic Xeropsamments Haplic Arenosols
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Bozcaada Topraklarimin Siiflandiriimasi

Bozcaada’da yiiriitiilen detayl toprak etiid haritalama ¢aligmasi sonucunda belirlenmis olan 12
adet toprak serisine ait toprak profillerinin morfolojik gozlem ve laboratuvar analiz sonuglarina gore,
Toprak Taksonomisi (Soil Survey Staff, 2014) ve Diinya Toprak Kaynaklar1 Referans Sistemine
(WRB, 2014) gore yapilan siniflandirmasi Cizelge 4 de sunulmustur. Bozcaada topraklar1 genellikle
hafif-orta egimli yamag¢ (konglomera, marn, kire¢ tasi, kum tasi, andezit), aliiviyal ve kumul
depozitleri lizerinde olusmustur. Bu nedenle, Cizelgeden de goriilecegi lizere Bozcaada topraklari
toprak taksonomisinin fazla bir toprak profil gelisiminin gézlenmedigi Entisol ordosuna ait orthents,
fluvents ve psamments alt ordolar1 ile bunlara gore daha ileri ve derin bir profil gelisiminin oldugu
Inceptisol ordosuna ait xerepts alt ordosu belirlenmistir. WRB sistemine gore ise, s6z konusu toprak
serilerinin 4 tanesi Fluvisols, ikiser tane olmak {lizere Leptosols, Cambisols ve Arenosols, birer tanesi
de Calcisols ve Regosols olarak siiflandirilmigtir.

Sonuc ve Oneriler
Bozcaada’da yiiriitiilen bu detayli toprak etiid haritalama ¢alismasi sonucunda 12 adet toprak serisi

tanimlanmustir. S6z konusu toprak serilerine ait tipik toprak profillerinin her bir horizonundan toprak
ornekleri alinmis ve laboratuvar
analizleri yapilmistir.
Goztepe Serisi 769 ha ile ¢alisma alaninda saptanan en yaygin toprak serisi olup bunu 492 ha alan ile
Tuzburnu Serisi izlemektedir. Her iki seri topraklari da sig bir profil yapisina sahiptir. Buna karsin,
caligma alaninda en dar yayilim alanini sirasiyla Habbele (142 ha), Camlik (145 ha) ve Bizan Serisi
(155 ha) topraklari olusturmaktadir.

Saptanan toprak serilerin ortalama egimleri goz 6niinde bulunduruldugunda; % 12 ortalama
egim ile Goztepe Serisi arazileri en yiiksek egime sahipken, Fener Serisi topraklari ortalama % 3.31 ile
Bozcaada’nin en diiz bolgesidir. Ada’da bagciligin en yogun oldugu Ova Mevkii’nin ortalama egimi
ise % 5.32 olarak hesaplanmistir. Ada’nin tamami g6z Oniine alindiginda ortalama egim % 6.61’dir.
Calisma alaninin SRTM 100 m verisi kullanilarak yapilan hesaplamalara gére Ada’nin ortalama
yiiksekligi 39.6 metredir. En yiiksek rakimli topraklar ise Goztepe Serisi arazilerinde olup Gdztepe’nin
rakimi 187 m*dir.

Belirlenen toprak serileri icerisinde bagciligin baskin oldugu Habbele serisi topraklar1 ana

materyal 6zelliklerine bagli olarak Ada’nin en yiiksek kireg igerigine (% 35-51) sahip bolgesidir. Buna
karsin, Ada’da bagciligin en yogun oldugu bdlge Ova Serisi topraklarinin bulundugu kisim olup
yaklagik 222 ha alana yayilmaktadir. Bu seri topraklarinda kire¢ miktar1 yiizeyden itibaren yaklagik 1
metreye kadar diisiik iken bu noktadan sonra % 25’e kadar yiikselmektedir.
Ada’da en yiiksek kil igerigine sahip seri Yerebakan Serisidir. Bu serinin ylizey alt1 horizonlarinda kil
icerigi % 53’¢ kadar ulagmaktadir. Kil icerigi bakimindan bunu sirasiyla Ayazma (% 43) ve Ova (%
35) Serisi izlemektedir. Ayazma Serisinin yiizey horizonunda KDK igerigi 43.48 cmol kg? ile tiim
seriler icerisinde en yiiksek degerdedir. Bu serinin organik madde igeriginin % 2 ve daha fazla olmasi
KDK degerini artirmaktadir. Bunu Ova Serisi (40.44 cmol kg?) ve Yerebakan Serisi (36 cmol kg?)
izlemektedir. Buna karsin en disiik kil icerigi (% 8 ve daha az) ve en diisitk KDK degeri ( 3-5.5 cmol
kg') Camlik ve Fener Serilerinde saptanmustir. Bu serilerdeki diisiik KDK, % 90 ve daha fazla olan
kum igeriklerinden kaynaklanmaktadir.

Bozcaada toprak serilerinin verimlilik durumlari incelendiginde, yarayisli fosfor miktar
genellikle yiizey altinda az veya c¢ok az olarak saptanirken bazi serilerde ylizeyde yeterli olarak
saptanmustir. Ova Serisinin yiizey topraginda fazla miktarda fosfor bulunmasina karsin yiizey altinda
az miktarda fosfor belirlenmistir. Bu durum, biiyiik olasilikla baz1 ¢iftgilerin bilingsizce fazla giibre
kullanimindan kaynaklanmaktadir. Toprak serilerinin yarayish potasyum icerikleri Habbele, Saraya ve
Ayazma Serileri disindaki diger serilerde az olarak saptanmustir. Mikroelement igerikleri bakimindan
neredeyse tiim toprak serilerinin yetersiz oldugu belirlenmistir. Sadece Ova Serisinde yiizeyde demir
(Fe) ve bakir (Cu) sirasiyla fazla ve yeterli miktarda bulunmustur. Bu durum s6z konusu elementleri
fazla miktarda iceren giibre kullanimindan kaynaklanmis olabilir. Ayni serinin yarayish fosfor
igeriginin de yiizey kisminda fazla miktarda saptanmasi bu olasilig1 gii¢lendirmektedir.

Bozcaada topraklari, toprak taksonomisinin Entisol ordosuna ait orthents, fluvents ve
psamments alt ordolar ile Inceptisol ordosuna ait xerepts alt ordosunda smiflandirilmigtir. WRB
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sistemine gore ise s6z konusu toprak serileri Fluvisols, Leptosols, Cambisols, Arenosols, Calcisols ve
Regosols olarak siniflandirilmgtir.

Sonug¢ olarak Bozcaada’da yiiriitiillen bu toprak etiid ¢aligmasinda 12 adet toprak serisi
belirlenmis ve bu seriler ve fazlarini iceren detayli temel toprak haritasi hazirlanmistir. Belirlenen
toprak serilerinin temel Ozellikleri sunularak uluslararasi toprak siniflandirma sistemlerine gore
siniflandirilmast yapilmistir. Bozcaada topraklarinda diisiik olan organik madde miktarinin ahir
giibresi, kompost veya yesil giibreleme ile artirilmasi, ayrica yetersiz veya az miktarda saptanan
fosfor, potasyum ve mikro element iceren giibrelerin uygulanmasi topraklarin daha siirdiiriilebilir ve
verimli kullanilmasini saglayacaktir. Ayrica, ada genelinde giderek artan bag evi altindaki
yapilagmalarin 6niine gegilmeli ve gerekli onlemler alinarak ada topraklarinin amaci disinda kullanimi
engellenmelidir.
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Oz

Bu arastirma seker sorgum ve sorgum sudanotu melezi ¢esitlerinin farkli bigim yiiksekliklerine bagl
olarak yaprak ve saplarin mineral element igeriklerini belirlemek amaciyla 2020-2021 yillarinda Canakkale
Onsekiz Mart Universitesi Ziraat Fakiiltesi arastirma alaninda yiiriitiilmiistiir. Deneme béliinmiis parseller
deneme desenine gore 4 tekrarlamali olarak kurulmus, ana parselleri gesitler (Nutri Honey, Nutrima, M81-E ve
Topper-76), alt parselleri ise hasat yiikseklikleri (bitki boyu 30, 60, 90, 120, 150 c¢cm oldugunda ve fizyolojik
olum déneminde hasat) olusturmustur. Arastirmada 30 cm yiikseklikte hasat edilen parseller toplamda 5 kez, 60
cm 4 kez, 90 cm 3 kez, 120 cm 3 kez, 150 cm 2 kez ve fizyolojik olum doneminde ise bir kez bigilmistir.
Arastirmada yaprak ve saplarin bor, kadmiyum, nikel, kobalt, krom ve kursun degerleri incelenmistir.
Calismadan elde edilen sonuglara gore; bitkilerde biiyiimeye bagli olarak yaprak ve saplarim mikromineral (bor,
kadmiyum, nikel, kobalt, krom ve kursun) igeriklerinde diisiisler gerg¢eklesmistir. Bu diislis biiylime
baslangicindan biiyiime sonuna kadar hem sap hem de yapraklarda yaklasik olarak borda %45-50, kadmiyumda
%70-80, nikelde %79, kobaltta %70-75, kromda %54 ve kursunda %54 civarinda ger¢eklesmistir. Genel olarak
yapraklarin mikromineral igerikleri sap kisimlarindan %8-50 oraninda daha yiiksek olmustur. Sadece sap
kisimlarin kobalt igerikleri yapraklardan daha yiiksek ¢ikmustir.

Yiriitiilen bu arastirmanin neticesinde otlatma ve kaba yem kaynagi olarak yetistirilecek bu ¢esitlerde
otlarin mineral element igerikleri bakimindan gesitlerin benzer 6zellik gosterdigi ve ¢esitlerin fizyolojik olum
donemlerinde hasat edilmesi gerektigi sonucuna varilmistir.

Anahtar Kelimeler: sorgum sudanotu melezi, seker sorgum, yaprak, sap, mikromineral, bor, kobalt.

Determination of VVariations in Mineral Element Contents of Leaves and Stalks in
Terms of different Harvesting Applications in Certain Sweet Sorghum and Sorghum
Sudangrass Hybrid Cultivars

Abstract

This study has been conducted in the research area of Canakkale Onsekiz Mart University Faculty of
Agriculture in years 2020 and 2021 in order to determine the mineral element contents of leaves and stalks
depending on different harvesting heights of sweet sorghum and sorghum sudangrass hybrid cultivars. The
experiment was established according to the randomized complete block design using 4 replications, where the
main experiment plots represented the sorghum cultivars namely; Nutri Honey, Nutrima, M81-E and Topper-76,
while the sub-plots were consisted of the different harvesting heights (30 cm, 60 cm, 90 cm, 120 cm, 150 cm and
physiological maturity stage of crops). The crops of the experiment plots with the heights of 30 cm, 60 cm, 90
cm, 120 cm, 150 cm and at the physiological maturity stage (PMS) were harvested 5 times, 4 times, 3 times, 3
times, 2 times and once throughout the experiment period, respectively. Values of boron, cadmium, nickel,
cobalt, chromium and lead of leaves and stalks have been investigated in this research study. According to the
obtained results; contents of the microminerals viz., boron, cadmium, nickel, cobalt, chromium and lead, found
in the leaves and stalks of the different cultivars of sorghum, decreased because of the fluctuations into the
growth of crops. This declination was observed with an approximate value of 45-50% in boron, 70-80% in
cadmium, 79% in nickel, 70-75% in cobalt, 54% in chromium and 54% in lead from the beginning till the end of
the growth of crops in both stalks as well as in the leaves of different sorghum cultivars. Generally, the
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micromineral contents of the leaves were 8-50% higher than that of the stems of the crops. Only the cobalt
contents of stalks were higher than that of the leaves.

As a result of this research, it is suggested that the mineral element contents of forage in these cultivars
to be grown as a source of grazing and roughage under those ecological conditions which show the similar
environmental characteristics.

Keywords: sorghum sudangrass hybrid, sweet sorghum, leaf, stalk, micromineral, boron, cobalt.

Giris

Ulkemizin hayvancilik potansiyeli oldukea iyi durumda olmasina ragmen hayvan basina diisen
verim olduk¢a diisiik seviyelerdedir. Bunun baglica nedenleri hayvan irklarimizin disiik verimli
olmasi, kaliteli kaba yem kaynaklarinin yetersiz ve yanlis kullanimlar1 sonucu Kaliteli kaba yem
aciginin artmasidir. Kaba yem kaynaklar1 igerisinde dnemli yer tutan cayir ve meralarimiz amacina
uygun olmayan kullanimlar1 sonucu verim gii¢lerini kaybetmiglerdir. Nitekim son 50 yilda cayir ve
mera alanlarimiz ciddi oranda azalmistir. Bu azalmanin nedenlerinden biri tarimsal mekanizasyonun
gelismesine bagli olarak mera alanlarinin tarim arazilerine doniistiiriilmesidir (Salman ve Budak,
2015). Bir diger neden ise yaklasik olarak 1,5 milyon hektara yakin alan orman i¢i meralarin
agaclandirma faaliyetleri kapsaminda orman sinirlarina dahil edilmesidir (Balabanli ve ark., 2006).
Hayvancilik i¢in gerekli olan kaliteli kaba yem temini igin mera alanlarinin 1slah edilmesi, yonetim
ilkelerine uygun kullanilmas1 ve tarim alanlarinda yem bitkileri ekim alanlarinin artirilmasi
gerekmektedir. Yaz vejetasyonunun ve sulama kosullarinin elverdigi bolgelerde ikinci iiriin yem
bitkisi yetistiriciligi yapmak miimkiindiir. Bu bitkilerin basinda da sorgum cesitleri gelmektedir.
Sorgum ve sorgum x sudan otu melezinin kurakliga ve yiiksek sicakliklara daha dayanikli olmasi,
birden fazla bi¢im ve otlatma olanagi saglamasi, besleme degerinin misira yakin degerlere sahip
olmasi, birim alanda daha fazla verim vermesi ve birim alandan daha fazla sindirilebilir besin maddesi
iiretmesi gibi nedenlerinden dolay1 6n plana ¢ikmaktadir (Cigdem ve Uzun, 2006). Sorgum cesitleri
yazin sicak donemlerinde hayvan igin kaliteli ve besleyici yem kaynagi konumundadir (Heath ve ark.,
1985). Birim alanda misira gore daha verimli olmasi nedeniyle daha fazla tercih edilmektedir
(Acikgdz, 1991).

Dogal yoldan olusmus, inorganik, belli bir kimyasal formule sahip, sabit veya degisken
fiziksel 6zelliklere sahip maddelere “mineral” denmektedir (Dirik, 2017). Bitkiler en uygun sekilde
bliyliylip gelisme gosterebilmesi icin 17 elemente ihtiyag duymaktadir. Bitkiler bu elementlerden
karbon, hidrojen ve oksijeni hava ve sudan aldiklar1 i¢in bunlara mineral olmayan elementler olduklar
diistiniilmektedir (White, 2006; Gardiner ve Miller, 2008; Fageria, 2009; Bolat ve Kara; 2017). Bunlar
bitkinin yaklagik olarak %95’ini olusturmaktadirlar (Jones ve Jacobsen, 2001; Fageria, 2009; Kacar ve
Katkat, 2010; Bolat ve Kara; 2017). Bitkiler i¢in diger 14 element zorunlu olup, bunlar1 topraktan
almaktadirlar (Wild, 1993; Kantarci, 2000; Gardiner ve Miller, 2008). Hayvanlar ihtiya¢ duyduklar
besin elementlerini tiikettikleri yemlerden temin etmektedirler. Hayvanlar i¢in gerekli olan protein,
karbonhidrat ve yaglarin yaninda, mineral elementlerin ana kaynagini da bitkiler olusturmaktadir.
Timii bitkiler i¢in esansiyel olmasa da, hayvanlar i¢in mutlak gerekli olan 22 element bitkilerden
(yem bitkileri) saglanmaktadir (Underwood ve Suttle, 1999).

Mineral maddeler hayvanlarda kemik ve dislerin yapisinda, vucut 6z sularinda, hiicrelerde
ozmaotik basincin diizenlenmesinde, kan ve dokularda asit-baz dengesinin ayarlanmasinda, enzim
aktivasyonunda, hormonlarin ve proteinlerin yapisinda, sindirim sisteminde, besin maddelerin hiicre
icine tagimmmasinda, sinir, kalp ve kaslarin duyarliliklarinda gorev almaktadirlar (Sarigicek, 1995).
Mineral maddeler hayvanlarin biinyelerinde ayn1 oranda bulunmazlar. Hayvanlar tarafindan fazla
alinmasi1 gereken mineraller “makromineraller”, az alinmasi gereken mineraller ise “mikromineraller”
olarak adlandirilirlar (Asi, 1995). Hayvan viicudunun mineral madde igeriginin yaklasik olarak
%70’ini kalsiyum ve fosfor olusturmaktadir (Kutlu ve ark., 2005).

Bu caligmada farkli sorgum sudanotu melezi (SSM) ve seker sorgum (SS) ¢esitlerinin farkli
yiikseklikte boya ulastiktan sonra yapilan hasatlarda yaprak ve saplarinda bulunan bazi mikromineral
(bor, kadmiyum, nikel, kobalt, krom ve kursun) igeriklerinin belirlenmesi amaciyla yiiriittilmiistiir.

Materyal ve Yontem

Bu ¢alisma SS ve SSM cesitlerinde farkli bicim yiiksekligine bagli olarak yaprak ve saplarin
bor, kadmiyum, nikel, kobalt, krom ve kursun igeriklerinin belirlenmesi amaciyla 2020 ve 2021 yillar1
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yazhik ana {iriin yetistirme mevsiminde Canakkale Onsekiz Mart Universitesi Ziraat Fakiiltesi
arastirma alaninda yiiriitiilmiistiir. Arastirmada materyal olarak ikiser adet SS ve SSM c¢esitleri
kullanilmugtir (Cizelge 1). SS cesitleri Nebraska Universitesinde gelistirilmis ve iilkemizde Yiicel ve
ark. (2017) tarafindan yiiriitiilen arastirma sonucunda timitvar olarak goriilen gesitler igerisindedir.
SSM ¢esitleri ise lilkemizde yetistirilen tescilli ¢esitlerdendir.

Table 1. Sorghum sudangrass hybrid and Sweet Sorghum cultivars and their properties used in the experiment
Cizelge 1. Arastirmada kullanilan $S ve SSM c¢esitleri ve 6zellikleri

Tiir Cesitler Islah¢1 Kurulus Uretim Amaci Olgunlagsma
Seker sorgum Topper-76 Nebraska Uni. Surup, etanol Orta gegci
Seker sorgum M81-E Nebraska Uni. Surup, etanol, silaj Gegci
Sorgum x sudan otu Nutri Honey Alfa Tohum Ot ve otlatma Orta erkenci
Sorgum X sudan otu Nutrima Royal Agrolife Yesil ot, silaj, otlatma Gegci

Meteoroloji Genel Midiirliigli tarafindan Canakkale ilinin uzun yillar sicaklik ortalamasi
15.09 °C olarak verilmistir. Deneme yillarinin ortalama sicakliklar1 2020 yilinda 17.01 °C ve 2021
yilinda 17.58 °C olmak {izere uzun yillar ortalamasinin iizerinde yer almistir. Denemenin yiiriitiildiigii
6 aylik donemdeki (Mayis basi-Ekim sonu) uzun yillar ait toplam yagis miktarlart 149.9 mm’dir.
Aragtirmanin ilk yilinda bu dénemlerde diisen yagis miktart 157.5 mm iken, ikinci yilda ise 201.2 mm
yagis diismiistiir. Arastirmaninin yiiriitiildiigii donemlerde diisen toplam yagis miktarlar1 uzun yillarin
tizerinde gergeklesmistir (Sekil 1).
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Sekil 1. Canakkale’nin deneme yillar1 ile uzun yillara ait iklim verileri
Figure 1. Data regarding to climate of the years in which the experiment was established in Canakkale.

Deneme alanin topraklart killi-tinli biinyeye sahip olup, toprak reaksiyonu agisindan notr
karakterdedir. Topraklar orta kiregli, organik madde bakimindan orta, fosfor igerigi orta ve potasyum
bakimindan noksan oldugu tespit edilmistir (Cizelge 2).

Table 2. Soil properties of the research area
Cizelge 2. Deneme alanina ait toprak 6zellikleri

isba (%) pH (m%/%hw) Kire¢ (%) Orga”('oﬁ);“adde P (kg/da) K (kg/da)
Ornek 1 ) 7_0 _7.50 ) 0.85 8.65 1.89 2.95 80.36
Killi-tinlt Hafif alkali Tuzsuz Orta kiregli Az Az Az
Ornek 2 65 7.35 0.88 7.69 1.95 2.45 75.69
Killi-tinlt Notr Tuzsuz Orta kiregli Az Az Az
Ornek 3 68 7.31 0.95 9.16 1.78 3.10 86.35
Killi-tinh Notr Tuzsuz Orta kiregli Az Az Az
Ortalama 67.7 7.39 89.3 8.50 1.87 2.83 80.80
Killi-tinh Notr Tuzsuz Orta kiregli Az Az Az
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Arastirmada iki yi1lda da denemeye baglamadan 6nce tohumlar temin edilmis ve deneme yeri
ekime hazirlanmistir. Tohum ekimi arastirmanin ilk yilinda (2020) 16 Mayzs, ikinci yilinda ise (2021)
5 Mayis tarihinde gerceklestirilmistir. Ekim Oncesinde tav sulamasi yapilmis, sonrasinda pullukla
derin siiriilmiigtiir. Akabinde kiiltivatér ve diskaro g¢ekilerek tohum yatagi hazirlanmistir. Denemede
dekara 10’ar kg azot, fosfor ve potasyum gelecek sekilde kompoze giibre (15-15-15) uygulanmustir.
Cikistan hemen sonra ise dekara 5 kg azot olacak sekilde amonyum siilfat verilmistir (Avcioglu ve
ark., 2009). Sulama damla sulama yontemi ile bitkinin su ihtiyacina gére yapilmistir. Yabanci ot
miicadelesi elle yapilmigtir. Her tiir icin deneme boliinmiis parseller deneme desenine gore 4
tekrarlamali olarak kurulmustur. Ana parselleri gesitler, alt parselleri bicim yiiksekligi uygulamalari
olusturmustur. Seker sorgum cesitlerinde sira aras1 70 cm ve sira iizeri 8 cm, SSM ¢esitlerinde ise sira
arasi 35 cm sira lizeri ise 8 cm olacak sekilde ekim islemi gergeklestirilmistir (Orak ve Kavdir, 1994;
Baytekin ve Silbir, 1996; Baytekin ve ark., 1996; Kizil ve Tansi, 1997; Mahmood ve Honermeier,
2012). Parseller 5 m uzunlugunda hazirlanmistir. SS parselleri 4 sira, SSM parselleri ise 6 sira olacak
sekilde diizenlenmistir. Parseller arasinda bosluk birakilmamis, bloklar arasinda 1 m mesafe
birakilmistir. Arastirmada materyal olarak kullanilan $S ve SSM ¢esitleri ve bazi ozellikleri Cizelge
1’de verilmistir. Bitkiler planlanan bigim yiiksekliklerine ulastiginda, orak ve bi¢im makinasi ile 15
cm aniz kalacak sekilde bigilmistir. Bitki 6rnekleme donemlerinde parsel baslarindan 50°ser cm’lik
kisimlar kenar tesiri olarak atilmigtir. Parseller arasinda bosluk birakilmadigi i¢in kenar siralar da
hasada dahil edilmistir. Koklii bitki 6rnegi i¢in her parselin sag tarafindaki 2 sira kullanilmustir.
Dolayisiyla ot 6rnekleri i¢in bigim seker sorgumda 2 sirada, SSM’de ise 4 sirada gerceklestirilmistir.
Buna bagli olarak ortaya ¢ikan hasat alanlar1 ise hem seker sorgum (4 m sira boyu x 2 sira x 0.7 m sira
aras1) hem de SSM’de (4 m sira boyu x 4 sira x 0.35 m sira arasi) 5.6 m? olmustur. Arazide bigilen ot
ornekleri yas agirliklar: alinmak iizere hemen el kantari ile tartilmistir. Daha sonra bu yas bitkilerden 1
kg’ iizerinde olacak sekilde ornekler alinip kese kagitlarina konulmus ve laboratuvara getirilmistir.
Ornekler laboratuvarda yaprak ve sap kisimlarmna ayrilmistir. Deneme alanindan alinan bitki
orneklerinde, bitki ve hayvan beslenmesi i¢in 6nemli olan mikromineral element analizleri yapilmustir.
Yaprak ve saplarin bor (B), kadmiyum (Cd), nikel (Ni), kobalt (Co), krom (Cr) ve kursun (Pb)
igerikleri Kesan Ticaret Borsa’sindan hizmet alimi seklinde ICP-OES cihazinda yapilmistir (Wolf ve
ark., 2003).

Aragtirmadan elde edilen verilerin analizleri “Tesadiif Bloklarinda Béliinmiis Parseller
Deneme Deseni ne gore yapilmistir. Ortalamalarin karsilagtirilmasinda LSD ¢oklu karsilagtirma testi
uygulanmigtir. Verilerin istatistik analizlerinde SAS ve JMP 13 (SW) istatistik paket programlari (SAS
Institute, 1999) kullanilmustir.

Bulgular ve Tartisma

Yaprak ve Saplarin Bor (B) i¢erikleri

Aragtirma yillar1 ve ortalamasinda sorgum cesitlerinde bicimdeki bitki boyunun artis1 ile
yapraklarin B igerikleri azalmigtir. Bu sebeple en yiliksek B bulunduran yapraklar 30 cm’de bigilen
bitkilerde saptanmigtir. Buna karsilik fizyolojik olum doneminde bigilenlerin yapraklari en az B
oranina sahip olmustur. Cesitler icerisinde ise M81-E en fazla, Topper-76 ise en az B igerenler
olmustur. Yapraklarin ortalama bor igerikleri yillara gore yaklasik olarak %5 oraninda degisim
gostermistir (Cizelge 3).

Aragtirmanin tiim yillar1 ve ortalamasinda bicim yiiksekliklerinin artisi1 ile diizenli olarak
saplarin B kapsami azalmistir. Dolayisiyla en yiiksek B iceren saplar 30 cm’de bigilen, en az B
icerenler de fizyolojik olumda hasat edilenlerde kaydedilmistir. Bunun yaninda Nutrima ¢esidinin sap
B kapsami diger gesitlerden daha yiliksek ¢ikmigtir. Caligmanin ilk yilin saplarda biriken ortalama B
icerigi 1797 ppm iken, bu oran arastirmanin ikinci yilinda 1699 ppm’e diismiistiir (Cizelge 4).
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Table 3. 2020, 2021 and two-year average ratios of leaf boron of SSH and SS cultivars (ppm)

Cizelge 3. SSM ve $S’nun 2020 ve 2021 yillar ile iki yillik ortalama yaprak bor oranlar1 (ppm)

Sorgum-Sudanotu (SSM)

Seker sorgum ($S)

Bicim Yitksekligi Nutri Honey Nutrima M81-E Topper-76 Ortalama
2020 yih
30cm 25.49 ab 2764 a 2499 ab 25.94 ab 26.02 A
60 cm 18.27 de 20.98 cd 16.80 efg 16.97 efg 18.26 B
90 cm 16.99 efg 18.01 def 17.38 efg 16.95 efg 17.33B
120 cm 15.60 e-h 15.87 e-h 23.70 be 14.44 fgh 17.40 B
150 cm 13.44 gh 14.73 e-h 16.36 e-h 14.43 e-h 1474 C
Fiz. olum 12.36 gh 11.12h 17.55 d-h 12.22 gh 1331C
Ortalama 17.02B 18.06 AB 1946 A 16.82B 17.84 A
Onemlilik: PC:** PBY:** PCxBY:**
2021 yih
30cm 23.42b 25.45a 2296 b 23.85ab 23.92A
60 cm 17.64d 20.20 ¢ 16.26 d-h 16.42 def 17.63B
90 cm 16.40 d-h 17.36 de 16.77 def 16.36 d-h 16.72B
120 cm 14.79 e-j 15.05 e-j 22.42 b 13.70 g-k 16.49B
150 cm 12.70 g-k 13.92 f-k 15.46 d-1 13.64 g-k 13.93C
Fiz. olum 11.61 1jk 1044 k 16.50 d-h 11.48 jk 1251C
Ortalama 16.10 B 17.10B 18.39 A 1591B 16.87B
Onemlilik: PC:** PBY:** PCxBY:**
Yillarin birlesik ortalamas (2020-2021)
30cm 24.46 b 26.54 a 2397 b 24.90 ab 2497 A
60 cm 17.95d 20.59 ¢ 16.53 d-g 16.70 d-g 17.94B
90 cm 16.70 d-g 17.68 de 17.07 def 16.65 d-g 17.03B
120 cm 15.20 f-j 15.46 e-1 23.06 b 14.07 h-k 16.95B
150 cm 13.07 -l 14.33 g-k 15.91 d-1 14.03 h-1 14.33C
Fiz. olum 11.98 jki 10.781 17.02 d-h 11.85kl 1291C
Ortalama 16.56 BC 17.56 B 18.93 A 16.37C

Onemlilik: PC:** PBY:** PCxBY:** PY:**

* %5, ** %1 diizeyindinde 6nemli oldugunu, 5¢ ise 6nemli olmadigini gostermektedir (PC: gesit, PBY: bigim yiiksekligi, PY:

yil).

Table 4. 2020, 2021 and two-year average ratios of stalk boron of SSH and SS cultivars (ppm)

Cizelge 4. SSM ve $S’nun 2020 ve 2021 yillari ile iki yillik ortalama sap bor oranlari (ppm)

Sorgum-Sudanotu (SSM)

Seker sorgum (SS)

Bicim Yiksekligi Nutri Honey Nutrima M81-E Topper-76 Ortalama
2020 yih
30cm 2391 26.44 26.12 26.32 2570 A
60 cm 21.09 21.69 21.59 18.61 20.74B
90 cm 17.45 17.95 19.72 15.76 17.72C
120 cm 14.53 21.33 14.46 15.99 16.58 C
150 cm 13.86 14.90 13.44 13.68 13.97D
Fiz. olum 12.71 17.27 10.90 11.57 13.11D
Ortalama 17.26 B 19.93 A 17.70 B 16.99 B 1797 A
Onemlilik: PC:** PBY:% PCxBY:%
2021 yih
30cm 2194 ab 2432 a 24.02a 2421 a 2362 A
60 cm 20.30 bed 20.86 bc 20.77 bc 17.96 d-g 19.97B
90 cm 16.83 -1 17.31e-h 18.97 c-f 15.24 g-j 17.09C
120 cm 13.78 1-l 20.19 b-e 13.72 jkl 15.16 g-k 15.71C
150 cm 13.11 jki 14.09 h-1 12.71 jkI 12.93 jkI 13.21D
Fiz. olum 11.94 jki 16.24 d-j 10.23 1 10.87 ki 12.32D
Ortalama 16.32B 18.83 A 16.74B 16.03 B 16.99 B
Onemlilik: PC:** PBY:** PCxBY:**
Yillarin birlesik ortalamasi (2020-2021)
30cm 2293b 25.38a 2507 a 2527a 24.66 A
60 cm 20.70c 21.27 be 21.18 bc 18.29 de 20.36 B
90 cm 17.14 efg 17.63 ef 19.35 cde 15.50 fgh 17.40C
120 cm 14.16 i 20.76 bed 14.09 hu 15.58 fgh 16.15C
150 cm 13.49 hu 14.50 ght 13.07 hu 13311 1359 D
Fiz. olum 12.32 lu 16.76 e-h 10.571 11.221 12.72D
Ortalama 16.79B 19.38 A 17.22B 16.53 B

Onemlilik: PC:** PBY:**, PCXBY:**, PY :**

* 045, ** %1 diizeyindinde onemli oldugunu, % ise 6nemli olmadigim gostermektedir (PC: ¢esit, PBY: bigim yiiksekligi, PY:

yil).
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Yaprak ve Saplarin Kadmiyum (Cd) I¢erikleri

Aragtirmanin ylriitiildigii tiim yillarda ve yillar ortalamasinda yapraklardaki Cd diizeyleri
hasatta bitki boyunun artis1 ile diisiis gostermistir. 30 cm yiikseklikte bicilen bitkiler en yiiksek,
fizyolojik olumda bigilenler ise en diisiik Cd oranina sahip olmustur. Bunun yaninda Nutrime en fazla,
Nutri Honey ¢esidi ise en az Cd igeren ¢esitler olmustur (Cizelge 5).

Calismanin yiiriitildiigli biitiin yillarda sorgum cesitlerinin sap kisimlarinda biriken Cd
icerikleri bitkilerde biiylimenin ilerlemesine bagh olarak diisiis gdstermistir. Dolayisiyla 30 cm’de
bicilen bitkilerin sap Cd orami1 en yiiksek, fizyolojik oluma ulastiktan sonra bigilenlerinki en az
olmustur. Cesitler igcerisinde ise Nutrima en ¢ok Cd bulunduran ¢esit olurken, Nutri Honey en az Cd
igeren gesit olarak saptanmustir (Cizelge 6).

Yaprak ve Saplarin Niekl (Ni) icerikleri

Sorgum ¢esitlerinin yapraklarindaki Ni oranlar1 yillar ve ortalamasinda bi¢imdeki boy artis1 ile
azalma egiliminde olmustur. Boylar1 30 cm’ye ulastiktan sonra bigilen bitkiler en yiiksek Ni oranlarina
sahip olurken, fizyolojik oluma ulastiktan sonra bigilen bitkilerin yapraklarinda en az Ni oran1 tespit
edilmistir. Cesitler igerisinde ise Topper-76 digerlerinden 6nemli diizeyde daha az Ni oranina sahip
olmustur. Yapraklarin Ni i¢erikleri aragtirmanin ikinci yilinda yaklagik olarak %6 oraninda diismiistiir
(Cizelge 7).

Projenin yiiriitiildigii donemlerde sorgum cesitlerinin sap kisimlarindaki Ni oranlar
bicimlerdeki gecikme ile diislis gostermistir. Bu sebeple en yiiksek sap Ni oran1 bulunduran bitkiler 30
cm boylandiginda, en az Ni iceren bitkiler ise fizyolojik oluma ulastiktan sonra bigilenlerde olmustur.
Diger taraftan Nutrima ve Topper-76 ¢esitleri diger cesitlerin saplarindan daha fazla Ni icermislerdir.
Arastirmanin ilk yilinda saplarda biriken ortalama Ni orani1 0.931 ppm iken, bu rakam ikinci yilda
0.875 ppm’e diismiistiir (Cizelge 8).

Yaprak ve Saplarin Kobalt (Co) Icerikleri

Arastirma yillar1 ve ortalamasinda bitkilerde bigim zamaninin gecikmesi ile yapraklarindaki
Co oraninda diislis gerceklesmistir. Bu nedenle en yiiksek Co orani 30 cm boyda hasadi yapilan
bitkilerde belirlenirken, fizyolojik olumda hasat edilenler en az Co oranina sahip olmustur. Cesitlerin
Co oranlar ilk yil 0.725-0.765 ppm, ikinci yil 0.681-0.718 ppm ve yillarin ortalamasinda ise 0.703-
0.742 ppm arasinda degisim gostermistir (Cizelge 9).

Denemede sorgumun sap kisimlarinin Co oranlari bitkilerin bigim yiiksekliklerinin ilerlemesi
ile diisiis gostermistir. En erken bigilen (30 cm boyda) bitkilerin saplar1 en yiiksek Co oranima sahip
olmustur. Buna karsilik fizyolojik olumda bigilenler en az Co igermislerdir. Cesitlere gore ortalama
kobalt diizeyleri ilk yil 0.669-0.841 ppm, ikinci y1l 0.628-0.790 ve yillar ortalamasinda 0.649-0.816
ppm arasinda yer almistir. Yillarin ortalamasina gore, Nutri Honey saplarinda digerlerinden daha
yiiksek Co bulunurken, M81-E en diisiik Co oranina sahip ¢esit olmustur (Cizelge 10).

Yaprak ve Saplarin Krom (Cr) icerikleri

Sorgum cesitlerinin yapraklarmin Cr kapsamlart diger minerallerde oldugu gibi, bitkilerin
bicimlerindeki olgunlagsma diizeylerine bagh olarak diigmiistiir. Arastirma yillarinda ortalama en
yiiksek Cr oran1 30 cm boyda hasat edilen bitkilerde belirlenirken, en az Cr igerigi fizyolojik donemde
hasat edilenlerde belirlenmistir. Cesitlerden Nutri Honey ve Topper-76 digerlerinden daha yiiksek Cr
oranina sahip olmustur. Yillara gore yapraklarin Cr igerikleri %6 oraninda degisim gostermistir
(Cizelge 11).

Diger mineral elementlerde oldugu gibi, sorgumun sap kisimlarindaki Cr igerikleri bitkilerde
biiyiimenin ilerlemesine bagli olarak azalmistir. Dolayisiyla en yiiksek Cr oram1 30 cm boyda, en
diistik Cr ise fizyolojik olum déneminde hasat edilen bitkilerde tespit edilmistir. Bununla birlikte
Nutrima en yiiksek, Nutri Honey ve M81-E ¢esitleri de en diisiik Cr bulunduran cesitler olmustur.
Caligmanin ilk yilinda saplarda biriken Cr oran1 1.408 ppm iken, ikinci yilda bu deger 1.324 ppm’e
diismiistiir (Cizelge 12).
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Table 5. 2020, 2021 and two-year average ratios of leaf cadmium of SSH and SS cultivars (ppm)
Cizelge 5. SSM ve $S’nun 2020 ve 2021 yillart ile iki yillik ortalama yaprak kadmiyum oranlari (ppm)
Sorgum-Sudanotu (SSM) Seker sorgum ($S)

Bicim Yitksekligi Nutri Honey Nutrima M81-E Topper-76 Ortalama
2020 yih
30cm 0.729 0.723 0.690 0.703 0.712 A
60 cm 0.418 0.610 0.520 0.589 0.534 B
90 cm 0.266 0.413 0.298 0.281 0.314C
120 cm 0.188 0.242 0.227 0.277 0.233D
150 cm 0.152 0.222 0.187 0.208 0.192 DE
Fiz. olum 0.151 0.155 0.129 0.133 0.142 E
Ortalama 0.317 0.394 0.394 0.365 0.355
Onemlilik: PC:% PBY:** PCxBY:%¢
2021 yih
30cm 0.692 0.687 0.655 0.667 0.675 A
60 cm 0.378 0.559 0.475 0.539 0.488 B
90 cm 0.254 0.392 0.284 0.268 0.299 C
120 cm 0.179 0.230 0.216 0.264 0.222D
150 cm 0.134 0.200 0.168 0.187 0.172 DE
Fiz. olum 0.142 0.146 0.121 0.125 0.134 E
Ortalama 0.297B 0.369 A 0.320B 0.342 AB 0.332
Onemlilik: PC:** PBY:** PCxBY:%
Yillarin birlesik ortalamasi (2020-2021)
30cm 0.711a 0.705 a 0.672a 0.685 a 0.693 A
60 cm 0.398 d 0.584 b 0.498 ¢ 0.564 bc 0.511 B
90 cm 0.260 efg 0.403 d 0.291e 0.274 ef 0.307C
120 cm 0.183 ghi 0.236 e-h 0.222 e-1 0.271 ef 0.228 D
150 cm 0.1431 0.211 e11 0.177 g 0.198 f-1 0.182 E
Fiz. olum 0.146 h1 0.151 gh1 0.125 h1 0.129 hi 0.138 E
Ortalama 0.307 C 0.382 A 0.331 BC 0.353 AB

Onemlilik: PC:** PBY:** PCxBY:** PY:%

* %5, ** %1 diizeyindinde 6nemli oldugunu, 5¢ ise 6nemli olmadigini gostermektedir (PC: gesit, PBY: bigim yiiksekligi, PY:
yil).

Table 6. 2020, 2021 and two-year average ratios of stalk cadmium of SSH and SS cultivars (ppm)
Cizelge 6. SSM ve $S’nun 2020 ve 2021 yillar ile iki yillik ortalama sap kadmiyum oranlar1 (ppm)
Sorgum-Sudanotu (SSM) Seker sorgum (SS)

Bigim Yiiksekligi Nutri Honey Nutrima M81-E Topper-76 Ortalama
2020 yih
30cm 0.368 ¢ 0.590 a 0.447b 0.326 cd 0.433 A
60 cm 0.210 e-1 0.361c 0.274 de 0.274 de 0.280B
90 cm 0.219 e-1 0.251 efg 0.245 efg 0.271 def 0.247B
120 cm 0.196 f-1 0.209 e-1 0.238 e-h 0.176 gh 0.205C
150 cm 0.183 f-1 0.174 ghi 0.149 n 0.179 ghi 0.171CD
Fiz. olum 0.128 1 0.131 1 0.108 1 0.140 gh1 0.127D
Ortalama 0.217B 0.286 A 0.243B 0.228 B 0.244
Onemlilik: PC:** PBY:** PCxBY:*
2021 yih
30cm 0.352¢ 0.561a 0.456 b 0.312 cd 0.413 A
60 cm 0.183 g-1 0.325¢ 0.243 ef 0.243 ef 0.248B
90 cm 0.210 e-j 0.240 efg 0.235e-h 0.259 de 0.236B
120 cm 0.187 f-I 0.200 e-k 0.226 e-1 0.168 h-I 0.195C
150 cm 0.164 h-1 0.155 1-1 0.132 ki 0.160 1-1 0.153D
Fiz. olum 0.121 jki 0.123 jki 0.102 1 0.132 jki 0.119D
Ortalama 0.203 B 0.267 A 0.227B 0.212B 0.227
Onemlilik: PC:** PBY:** PCxBY:**
Yillarin birlesik ortalamas: (2020-2021)
30cm 0.360 ¢ 0.575a 0.436 b 0.319d 0.423 A
60 cm 0.196 g-j 0.343cd 0.259 e 0.258 ¢ 0.264B
90 cm 0.214 e-h 0.246 ef 0.240 efg 0.265 e 0.241B
120 cm 0.192 g-k 0.205 f-1 0.232 efg 0.172 h-1 0.200C
150 cm 0.174 h-1 0.164 hl 0.141 kl 0.169 h-1 0.162D
Fiz. olum 0.124 kI 0.127 jki 0.1051 0.136 1-l 0.123E

Ortalama 0.210C 0.277 A 0.235B 0.220 BC

Onemlilik: PC:** PBY:** PCxBY:** PY:%

* 045, ** %1 diizeyindinde onemli oldugunu, % ise 6nemli olmadigim gostermektedir (PC: ¢esit, PBY: bigim yiiksekligi, PY:
yil).
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Table 7. 2020, 2021 and two-year average ratios of leaf nickel of SSH and SS cultivars (ppm)

Cizelge 7. SSM ve $S’nun 2020 ve 2021 yillart ile iki yillik ortalama yaprak nikel oranlar1 (ppm)

Sorgum-Sudanotu (SSM)

Seker sorgum ($S)

Bicim Yitksekligi Nutri Honey Nutrima M81-E Topper-76 Ortalama
2020 yih
30cm 1.672 ab 1.480 bed 1.844 a 1.525 be 1.630 A
60 cm 1.487 bcd 1.851a 1.507 bcd 1.310 de 1.539 A
90 cm 1.274 de 1.366 cde 1.229¢ 1.123 efg 1.248B
120 cm 1.151 ef 1.149 ef 1.269 de 0.923 fgh 1.123B
150 cm 0.725 hyj 0.854 gh 0.849 gh 0.798 0.806 C
Fiz. olum 0.340 jk 0.415 1jk 0.324 k 0.441 1jk 0.380 D
Ortalama 1.108 AB 1.186 A 1170 A 1.020B 1121 A
Onemlilik: PC:** PBY:** PCxBY:**
2021 yih
30cm 1.580 ab 1.399 cd 1742 a 1.442 be 1541 A
60 cm 1.385 cd 1.728 a 1.404 bcd 1.219 de 1.434B
90 cm 1.203 de 1.290 cde 1.161e 1.061 ef 1.179C
120 cm 1.086 ef 1.084 ef 1.197 de 0.872 fg 1.060 D
150 cm 0.674 ghi 0.795 g 0.791¢g 0.743 gh 0.751 E
Fiz. olum 0.321j 0.390 0.306 j 0.415 hyj 0.358 F
Ortalama 1.042 AB 1114 A 1.100 A 0.959 B 1.054B
Onemlilik: PC:** PBY:** PCxBY:**
Yillarin birlesik ortalamas (2020-2021)
30cm 1.626 b 1.439 cd 1.793 a 1.483¢ 1.585 A
60 cm 1.436 cd 1.789 a 1.456 cd 1.264 ef 1.486B
90 cm 1.239 efg 1.328 de 1.195 efg 1.092 g 1.213C
120 cm 1.119 fg 1.116 fg 1.233 efg 0.898 h 1.091 D
150 cm 0.700 1 0.824 h1 0.820 h1 0.770 hu 0.779 E
Fiz. olum 0.330j 0.402 j 0.315] 0.428 0.369 F
Ortalama 1.075 A 1.150 A 1135 A 0.989 B

Onemlilik: PC:** PBY:** PCxBY:** PY:**

* %5, ** %1 diizeyindinde 6nemli oldugunu, 5¢ ise 6nemli olmadigini gostermektedir (PC: gesit, PBY: bigim yiiksekligi, PY:

yil).

Table 8. 2020, 2021 and two-year average ratios of stalk nickel of SSH and SS cultivars (ppm)
Cizelge 8. SSM ve $S’nun 2020 ve 2021 yillar ile iki yillik ortalama sap nikel oranlar1 (ppm)

.. . oo Sorgum-Sudanotu (SSM) Seker sorgum (SS)
Bicim Yiiksekligi Nutri Honey Nutrima M81-E Topper-76 Ortalama
2020 yih
30cm 1.424b 1.333b 1.821a 1.857 a 1.609 A
60 cm 1.345b 1.435b 1.353b 1.351b 1.371B
90 cm 0.815 c-f 1.367b 0.771 def 0.948 ¢ 0.975C
120 cm 0.819 cde 0.899 cd 0.698 efg 0.858 cde 0.818 D
150 cm 0.303 j 0.632 fgh 0.467 hyj 0.523 gh1 0.481 E
Fiz. olum 0.290 4 0.315 3 0.223 j 0.506 g-j 0.334 F
Ortalama 0.833B 0.997 A 0.839 B 1.007 A 0.931 A
Onemlilik: PC:** PBY:** PCxBY:**
2021 yih
30cm 1.346 b 1.261b 1.720 a 1.754 a 1520 A
60 cm 1.251b 1.336 b 1.259 b 1.257b 1.276 B
90 cm 0.771 cde 1.291b 0.730 def 0.897 ¢ 0.922C
120 cm 0.774 cde 0.849 cd 0.660 efg 0.810 cd 0.773D
150 cm 0.277 jk 0.587 fgh 0.431 hyj 0.484 1 0.445 E
Fiz. olum 0.274 jk 0.297 yjk 0.210 k 0.477 g-j 0.314 F
Ortalama 0.782 B 0.937 A 0.835B 0.946 A 0.875B
Onemlilik: PC:** PBY:** PCxBY:**
Yillarin birlesik ortalamasi (2020-2021)

30cm 1.385b 1.297 ¢ 1.771a 1.806 a 1.565 A
60 cm 1.298 bc 1.386 bc 1.306 bc 1.304 be 1.323B
90 cm 0.793 ef 1.329 bc 0.751 fg 0.923d 0.949C
120 cm 0.796 ef 0.874 de 0.679 gh 0.834 def 0.796 D
150 cm 0.290 1 0.609 h1 0.449 jk 0.503 4 0.463 E
Fiz. olum 0.282 | 0.306 ki 0.216 | 0.491 yk 0.324 F
Ortalama 0.807 C 0.967 A 0.862 B 0.977 A

Onemlilik: PC:** PBY:** PCxBY:**, PY :**

* %5, ** %1 diizeyindinde 6nemli oldugunu, 3¢ ise 6nemli olmadigini gostermektedir (PC: gesit, PBY: bigim yiiksekligi, PY:

yil).
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Table 9. 2020, 2021 and two-year average ratios of leaf cobalt of SSH and SS cultivars (ppm)
Cizelge 9. SSM ve $S’nun 2020 ve 2021 yillar ile iki yillik ortalama yaprak kobalt oranlar1 (ppm)
Sorgum-Sudanotu (SSM) Seker sorgum ($S)

Bicim Yitksekligi Nutri Honey Nutrima M81-E Topper-76 Ortalama
2020 yih
30cm 1.480 ab 1574 a 1.652a 1.355b 1515A
60 cm 0.852 de 0.910 cd 1.079 ¢ 0.774 d-g 0.904 B
90 cm 0.789 d-g 0.599 fgh 0.452 h 0.834 def 0.668 C
120 cm 0.472 h 0.625 e-h 0.650 e-h 0.669 e-h 0.604 C
150 cm 0.404 h 0.429 h 0.421 h 0.522 gh 0.444 D
Fiz. olum 0.355 h 0.430 h 0.336 h 0.418 h 0.385 D
Ortalama 0.725 0.761 0.765 0.762 0.753
Onemlilik: PC:% PBY:** PCxBY:**
2021 yih
30cm 1.399 ab 1.487 a 1561a 1.281b 1432 A
60 cm 0.788 de 0.842 cd 1.001c 0.714 d-g 0.836 B
90 cm 0.746 def 0.567 e-h 0.429 h 0.788 cde 0.633C
120 cm 0.447 h 0.591 e-h 0.615 e-h 0.633 d-h 0.571C
150 cm 0.371h 0.395 h 0.388 h 0.483 fgh 0.409 D
Fiz. olum 0.335 h 0.405 gh 0.317 h 0.394 gh 0.362 D
Ortalama 0.681 0.715 0.718 0.716 0.707
Onemlilik: PC:%, PBY:** PCxBY:**
Yillarin birlesik ortalamas (2020-2021)
30cm 1.440 be 1.531 ab 1.607 a 1.318¢ 1474 A
60 cm 0.820 e 0.876 e 1.040d 0.744 efg 0.870B
90 cm 0.768 efg 0.583 h-k 0.440 jki 0.811 ef 0.651C
120 cm 0.459 jkli 0.608 g-j 0.632 ghi 0.651 fgh 0.588 C
150 cm 0.388 1 0.412 kl 0.405 ki 0.503 h-I 0.427 D
Fiz. olum 0.345kl 0.417 h-l 0.326 | 0.406 1 0.374D

Ortalama 0.703 0.738 0.742 0.739
Onemlilik: PC:% PBY:** PCxBY:** PY:%4

* %5, ** %1 diizeyindinde 6nemli oldugunu, 5¢ ise 6nemli olmadigini gostermektedir (PC: gesit, PBY: bigim yiiksekligi, PY:
yil).

Table 10. 2020, 2021 and two-year average ratios of stalk cobalt of SSH and SS cultivars (ppm)
Cizelge 10. SSM ve SS’nun 2020 ve 2021 yillari ile iki yillik ortalama sap kobalt oranlar1 (ppm)

.. . oo Sorgum-Sudanotu (SSM) Seker sorgum (SS)
Bicim Yiiksekligi Nutri Honey Nutrima M81-E Topper-76 Ortalama
2020 yih
30cm 1.498a 0.789 c-h 1.397 a 1.345ab 1257 A
60 cm 1.017 ¢ 0.605 f-1 0.961 cd 0.953 cde 0.884 B
90 cm 0.931 c-f 0.895 c-g 0.620 e-1 0.934 c-f 0.845 BC
120 cm 0.471 1.034 bc 0.4271 0.826 c-h 0.689 CD
150 cm 0.638 c-1 0.742 c1 0.3321 0.4101 0.531 DE
Fiz. olum 0.492 d-1 0.284 1 0.2771 0.389 ghi 0.360 E
Ortalama 0.841 0.725 0.669 0.809 0.761
Onemlilik: PC:%, PBY:** PCxBY:**
2021 yih
30cm 1416a 0.748 c-g 1.320a 1.272 ab 1.189 A
60 cm 0.942 cd 0.554 fgh 0.890 cde 0.883 cde 0.817 B
90 cm 0.880 cde 0.846 c-f 0.588 e-h 0.883 cde 0.799 BC
120 cm 0.446 h 0.976 be 0.405 h 0.780 c-g 0.652 CD
150 cm 0.592 d-h 0.690 c-h 0.304 h 0.377h 0.491 DE
Fiz. olum 0.463 e-h 0.268 h 0.261 h 0.366 gh 0.339E
Ortalama 0.790 0.680 0.628 0.760 0.715
Onemlilik: PC:% PBY:** PCxBY:**
Yillarin birlesik ortalamasi (2020-2021)
30cm 1457a 0.768 c-f 1.359a 1.308 a 1223 A
60 cm 0.980 b 0.579 fgh 0.926 be 0.918 be 0.851 B
90 cm 0.906 bc 0.870 bed 0.604 e-h 0.909 be 0.822 B
120 cm 0.459 gh1 1.005 b 0.416 0.803 b-e 0.671C
150 cm 0.615 d-h 0.716 c-g 03181 0.394 i 0.511 D
Fiz. olum 0.477 e-1 0.276 hi 0.269 hi 0.378 gh 0.350 D

Ortalama 0.816 A 0.703BC 0.649 C 0.785 AB

Onemlilik: PC:**, PBY:** PCxBY:**, PY:®

* %5, ** %1 diizeyindinde 6nemli oldugunu, 3¢ ise 6nemli olmadigini gostermektedir (PC: gesit, PBY: bigim yiiksekligi, PY:
yil).
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Table 11. 2020, 2021 and two-year average ratios of leaf chromium of SSH and SS cultivars (ppm)
Cizelge 11. SSM ve SS’nun 2020 ve 2021 yillari ile iki yillik ortalama yaprak krom oranlar1 (ppm)
Sorgum-Sudanotu (SSM) Seker sorgum ($S)

Bigim Yiiksekligi Nutri Honey Nutrima M81-E Topper-76 Ortalama
2020 yih
30cm 2.046 b 1.739 d-g 1.966 bc 2.303 a 2.013 A
60 cm 1.888 bcd 1.685 e-h 1.793 c-f 1.869 b-e 1.809 B
90 cm 1.685 d-h 1.627 -1 1.507 huj 1.659 e-1 1.620 C
120 cm 1.514 hy 1.502 hyj 1.677 d-h 1.556 g-j 1562 C
150 cm 1.453 hyj 1.406 1j 1.094 kI 1.306 jk 1.315D
Fiz. olum 0.958 kim 0.731m 0.935Im 1.038 kim 0.916 E
Ortalama 1.591 AB 1448 C 1.495BC 1.622 A 1.539 A
Onemlilik: PC:** PBY:** PCxBY:**
2021 yih
30cm 1.932b 1.643 d-g 1.857 be 2174 a 1901 A
60 cm 1.763 bed 1.572 e-h 1.674 def 1.745 cde 1.688 B
90 cm 1.590 d-h 1.536 f-1 1.423 hyj 1.566 d-h 1529 C
120 cm 1.428 hij 1.417 hij 1.582 d-h 1.468 ght 1.474C
150 cm 1.360 hij 1.3154 1.021 kI 1.221 jk 1.229D
Fiz. olum 0.903 klm 0.688 m 0.880 Im 0.978 kim 0.862 E
Ortalama 1.496 AB 1.362C 1.406 BC 1.525 A 1.447B
Onemlilik: PC:** PBY:** PCxBY:**
Yillarin birlesik ortalamas (2020-2021)

30cm 1.989 b 1.691 de 1.911 hc 2.238a 1.957 A
60 cm 1.825 cd 1.628 ef 1.733 de 1.807 cd 1.749B
90 cm 1.637 ef 1.581 e-1 1.465 g-j 1.613 e-h 1574 C
120 cm 1.471 g 1.459 hij 1.630 efg 1.512 f-j 1518 C
150 cm 1.406 1jk 1.361 jk 1.0571 1.263 k 1.272D
Fiz. olum 0.931 Im 0.710 m 0.907Im 1.008 | 0.889 E

Ortalama 1543 A 1.405 B 1.451 B 1574 A
Onemlilik: PC:**, PBY:** PCxBY:** PY:**

* %5, ** %1 diizeyindinde 6nemli oldugunu, 5¢ ise 6nemli olmadigini gostermektedir (PC: gesit, PBY: bigim yiiksekligi, PY:
yil).

Table 12. 2020, 2021 and two-year average ratios of stalk chromium of SSH and SS cultivars (ppm)
Cizelge 12. SSM ve SS’nun 2020 ve 2021 yillar ile iki y1llik ortalama sap krom oranlari (ppm)

.. . oo Sorgum-Sudanotu (SSM) Seker sorgum (SS)
Bicim Yiiksekligi Nutri Honey Nutrima M81-E Topper-76 Ortalama
2020 yih
30cm 1.697 abc 1.725ab 1.728 ab 1.829 a 1.745 A
60 cm 1.532 d-g 1.721 ab 1.591 b-e 1.644 bcd 1.622B
90 cm 1.283h 1.532 c-g 1.594 b-e 1.661 a-d 1517C
120 cm 1.440 e-h 1.674 a-d 1.288h 1.559 b-f 1.490C
150 cm 1.063 1j 1.369 fgh 1.288 hi 1.332 gh 1.263D
Fiz. olum 0.785 jk 1.189 ht 0.530 k 0.733 k 0.809 E
Ortalama 1.300 B 1.535 A 1.336 B 1.460 A 1.408 A
Onemlilik: PC:** PBY:** PCxBY:**
2021 yih
30cm 1.604 a-d 1.630 abc 1.632 ab 1.728 a 1.648 A
60 cm 1.428 e-h 1.605 a-d 1.483 c-f 1.533 b-e 1.513B
90 cm 12111 1.446 d-h 1.505 b-f 1.568 a-e 1.432BC
120 cm 1.358 f-1 1579 a-e 1.2151 1.471 c-g 1.406 C
150 cm 0.992 jk 1.281 ghi 1.204 1j 1.245 ht 1.181 D
Fiz. olum 0.739 kI 1.120 3j 0.499 | 0.690 | 0.762 E
Ortalama 1.222B 1.443 A 1.256 B 1.372 A 1.324 B
Onemlilik: PC:** PBY:** PCxBY:**
Yillarin birlesik ortalamasi (2020-2021)
30cm 1.650 bc 1.678 ab 1.680 ab 1.778 a 1.697 A
60 cm 1.480 fg 1.664bc 1.537 def 1.589 b-f 1.567 B
90 cm 1.2471 1.489 efg 1.550 c-f 1.614 b-e 1475C
120 cm 1.399 gh 1.626 bcd 1.2511 1.515d-g 1.448C
150 cm 1.028 j 1.325ht 1.246 ht 1.288 hi 1.222D
Fiz. olum 0.762 k 1.154 4 0.514 1 0.711 ki 0.786 E

Ortalama 1.261 C 1.489 A 1.296 C 1416 B
Onemlilik: PC:**, PBY:**, PCxBY:**, PY :**

* %5, ** %1 diizeyindinde 6nemli oldugunu, 3¢ ise 6nemli olmadigini gostermektedir (PC: gesit, PBY: bigim yiiksekligi, PY:
yil).
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Yaprak ve Saplarin Kursun (Pb) icerikleri

Sorgum yapraklarindaki Pb diizeyleri bitkilerde olgunlagsmaya bagli olarak azalmustir.
Arastirma yillar1 ve ortalamasinda en yiiksek kursun oranlar1 30 cm’de, en diisiik degerler ise
fizyolojik olumda bigilen parsellerde belirlenmistir. Cesitler i¢erisinde Nutri Honey digerlerinde daha
az Pb oranina sahip olmustur. Yillara gore yapraklarin Pb diizeyleri yaklasik olarak %6 oraninda
degisim gostermistir (Cizelge 13).

Sorgum saplarinin Pb igerikleri bicim zamanindaki bitki boyunun artisina bagli olarak
azalmigtir. En yiiksek kursun orani 30 cm boyda, en diisiik oranlar ise fizyolojik olumda hasadi
yapilan parsellerde belirlenmistir. Cesitlere gore M81-E en az Pb bulundururken, diger ¢esitler yiiksek
Pb oranlarina sahip olmuslardir (Cizelge 14).

Farkli sorgum gesitlerinin mikro element igerikleri (bor, kadmiyum, nikel, kobalt, krom,
kursun) bitki yaprak ve saplara, cesitlere ve bitkilerin hasat zamanindaki boylanma durumlarina gore
onemli oranda degisim gostermistir.Genel olarak yapraklarin mikro element icerikleri sap
kisimlarindan da yiiksek bulunmustur. Yapraklarin element igerikleri sirastyla kadmiyum %31.2, nikel
%16.9, krom %8.5 ve kursunda %13.6 oraninda saptan daha yiiksek bulunmustur. Sadece borda %6.2
daha diisiik icerige sahip olurken, sap ve yapraklarin kobalt icerikleri ise ayni diizeyde kalmustir.
Yapraklarin protein, vitamin ve mineral madde icerikleri saplara gore daha yiiksek iken, seliiloz,
hemiseliilloz ve lignin igerikleri ise daha dusiiktiir (Bagbag ve ark., 1999). Dolayisiyla yapmis
oldugumuz calismada yapraklarin mikro element igerilerinin yiiksek olmasi yukaridaki nedenden
kaynaklanmaktadir. Bununla beraber yapraklarin fotosentez kapasiteleri yiliksek oldugu icin sap ve
bitkinin diger kisimlarina nazaran daha fazla azot ve besin madde igerigi iiretmektedir (Poorter ve ark.,
1990).

Sorgum c¢esitlerinin element igerikleri birbirlerinden 6nemli 6l¢iide farklilik gostermistir. Bu
degisim cesitlerin genetik olarak farkli olmalarindan kaynaklanmistir (Manga ve Acar, 1988; Beadle,
1993; Khan ve ark., 2006; Kering ve ark., 2011; Ozyazic1 ve Acikbas, 2019). Yapilan arastirmada
sorgum x sudanotu melezi ¢esitlerinin seker sorgum g¢esidine gore genel olarak daha yiiksek mineral
madde icerdigi, tiir ve g¢esitler arasinda oneli farkliliklar tespit edilmistir. Bu durum, tiir ve/veya
cesitlerin genetik farkliliklari ile birlikte topraktan alinan besin madde miktarlari ile ilgilidir (Ozyazici
ve Agikbag, 2020). Bununla beraber yapilan ¢aligmalarda P, K, Ca ve Mg oranlarinin bitki tiiriine gére
(Basbag ve ark., 2011; Giiliimser ve ark., 2017; Giirsoy ve Macit, 2017; Basbag ve ark., 2018; Polat ve
Bayrakli, 2019), hatta aym tiir i¢cindeki farkli ¢esitlere gore anlamli diizeyde farkliliklar gosterdigi
tespit edilmistir (Lema ve ark., 2004; Markovic ve ark., 2014; Engin ve Mut, 2018; Ozyazic1 ve ark.,
2018a ve 2018b; Turan ve ark., 2018; Ozya2101 ve Acikbas, 2019; Tan, 2019; Ozya2101 ve Acikbas,
2020).

Sorgum sudan otu ve seker sorgum g¢esitlerinin makro ve mikro element icerikleri bi¢imdeki
bitki boyunun artisina bagh olarak diislis gostermistir. Yani bitkilerde olgunlasmaya bagli olarak
element iceriklerinde azalmalar meydana gelmektedir. Bu azalma borda 24 ppm’den 12 ppm’e,
kadmiyumda 500 ppm’den 120 ppm’e, nikel ve kobaltta 1.500 ppm’den, 0.300 ppm’e, kromda 1.700
ppm’den 0.800 ppm’e ve kursunda ise 3.000 ppm’den 1.500 ppm’e kadar diisiisler ger¢ceklesmistir.
Bitkilerin 6zellikle hizli biiyiidiikleri donemde mineral element ihtiyaclar1 yiiksektir. Zira mineral
elementlerin ¢ogu fizyolojik faaliyetlerin yogun oldugu protoplazmada, daha azi da hiicre ¢eperinde
bulunmaktadir (Spears, 1994). Biiyiimenin ilerlemesi ile bitkilerde ¢eper bilesiklerinin artigsina bagl
olarak toplam organik maddenin mineral maddeye orani da arttif1 i¢in, biiylime ile otun mineral
element icerigi de azalmistir. Bir diger goriis ise bitkilerde olgunlagmaya bagli olarak mineral element
igeriklerindeki diislisiin nedeni bu siiregte artan kuru madde miktaridir (Kagar, 2012). Yapilan
caligmalarda da olgunlasmaya bagli olarak makro ve mikro element igeriklerinde diisiisler tespit
edilmigtir (McDowell, 1996; Tekeli ve ark., 2003; Brink ve ark., 2006; Tiirk ve ark., 2007; Schlegel ve
ark., 2016; Can ve Ayan, 2017; Ozyazic1 ve Agikbas, 2020). Meralarda yapilan bir diger ¢alismada
bitkilerde olgunlasmaya bagli olarak mineral element igeriklerinde azalmalar oldugu belirlenmistir
(Gokkus ve ark., 2012).
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Table 13. 2020, 2021 and two-year average ratios of leaf lead of SSH and SS cultivars (ppm)
Cizelge 13. SSM ve SS’nun 2020 ve 2021 yillan ile iki y1llik ortalama yaprak kursun oranlar1 (ppm)
Sorgum-Sudanotu (SSM) Seker sorgum ($S)

Bicim Yiiksekligi Nutri Honey Nutrima M81-E Topper-76 Ortalama
2020 yih
30cm 4420 a 3.565cd 4.041ab 3.902 bc 3.982 A
60 cm 2.583 g-j 3.132 def 3.606 bcd 3.190 de 3.128 B
90 cm 2.265 h-I 2.875 efg 2.571 f-k 2.844 e-h 2.639C
120 cm 2.113 -m 2.643 e-j 1.893 Im 2.697 e-1 2.336 C
150 cm 1.763 Im 1.900 kim 1.794 Im 1.983 j-m 1.860 D
Fiz. olum 1.279m 1.984 1-m 1.305m 1.624 Im 1.548 D
Ortalama 2.404 2.683 2.535 2.707 2.582 A
Onemlilik: PC:% PBY:** PCxBY:**
2021 yih
30cm 4.167a 3.363cd 3.810 ab 3.680 bc 3.755 A
60 cm 2.418 g-j 2.934 def 3.380 bed 2.989 de 2.930B
90 cm 2.136 gl 2.711 efg 2.424 f-k 2.682 e-h 2.488C
120 cm 1.992 1-m 2.491 e-j 1.7851Im 2.542 e 2.203C
150 cm 1.651 Im 1.780 kim 1.681 Im 1.858 j-m 1.743D
Fiz. olum 1.204 m 1.868 h-m 1.229 m 1.530 Im 1.458 D
Ortalama 2.262 2.525 2.385 2.547 2.430B
Onemlilik: PC:% PBY:** PCxBY:**
Yillarin birlesik ortalamas (2020-2021)

30cm 4293 a 3.464 d 3.926 b 3.791 be 3.868 A
60 cm 2.500 fg 3.033¢e 3.493 cd 3.089 e 3.029B
90 cm 2.201 gh 2.793 ef 2.498 fgh 2.763 ef 2.564 C
120 cm 2.053 1j 2.567 fg 1.839 ijk 2620 f 2.269D
150 cm 1.707 jki 1.840 1-1 1.738 1-l 1.920 4j 1.801 E
Fiz. olum 1.2421 1.926 h-| 1.267 ki 1.577 jki 1.503 E

Ortalama 2.333B 2.604 A 2.460 AB 2.627 A
Onemlilik: PC:** PBY:** PCxBY:** PY:*

* %5, ** %1 diizeyindinde 6nemli oldugunu, 5¢ ise 6nemli olmadigini gostermektedir (PC: gesit, PBY: bigim yiiksekligi, PY:
yil).

Table 14. 2020, 2021 and two-year average ratios of stalk lead of SSH and SS cultivars (ppm)
Cizelge 14. SSM ve SS’nun 2020 ve 2021 yillar ile iki yillik ortalama sap kurgun oranlari (ppm)

.. . o Sorgum-Sudanotu (SSM) Seker sorgum (SS)
Bigim Yiiksekligi Nutri Honey Nutrima M81-E Topper-76 Ortalama
2020 yih
30cm 3.523a 2979b 2.950 b 3.533a 3.246 A
60 cm 2.932b 2.225d-h 2.963 b 2.628 b-e 2.687 B
90 cm 2.265 c-g 2.810 bc 2.168 d-1 2.376 c-f 2.404 C
120 cm 1.819 f-j 2.739 bed 1.780 g-j 2.208 d-1 2137C
150 cm 1.392 jk 2.085 e-j 0.992 k 1.939 f- 1.602 D
Fiz. olum 1.405 1jk 1.441 h-k 0.841 k 1.532 g-k 1.305D
Ortalama 2.223 A 2.380 A 1.949B 2.369 A 2.230
Onemlilik: PC:** PBY:** PCxBY:**
2021 yih
30cm 3.322a 2.810b 2.783b 3.332a 3.062 A
60 cm 2.746 b 2.080 e-1 2.775b 2.459 b-f 2.515B
90 cm 2.136 d-h 2.649 bcd 2.045 e-1 2.241 cg 2.268 BC
120 cm 1.716 g-j 2.582 b-e 1.679 hyj 2.082 e-1 2014C
150 cm 1.302 jk 1.955 f-j 0.926 k 1.817 g-j 1.500 D
Fiz. olum 1.323 ijk 1.357 h-k 0.792 k 1.443 h-k 1.229D
Ortalama 2.091 AB 2239 A 1.833 B 2229 A 2.098
Onemlilik: PC:** PBY:** PCxBY:**
Yillarin birlesik ortalamas: (2020-2021)
30cm 3.422a 2.895b 2.867 bc 3.433a 3.154 A
60 cm 2.839 be 2.152 f 2.869 bc 2.544 cde 2.601 B
90 cm 2.201 ef 2.729 bc 2.106 fgh 2.308 def 2336 C
120 cm 1.767 g-k 2.660 bcd 1.730 h-k 2.145 fg 2.076 D
150 cm 1.347 ki 2.020 f-1 0.959 | 1.878 f-j 1551 E
Fiz. olum 1.364 jki 1.399 jki 0.817 1 1.487 1-| 1.267E

Ortalama 2.157 A 2.309 A 1.891 B 2.299 A
Onemlilik: PC:** PBY:** PCxBY:** PY:%

* %5, ** %1 diizeyindinde 6nemli oldugunu, 3¢ ise 6nemli olmadigini gostermektedir (PC: gesit, PBY: bigim yiiksekligi, PY:
yil).
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Sonuc ve Oneriler

Bu arastirma seker sorgum (M81-E ve Topper-76) ve sorgum sudanotu melezi (Nutri Honey
ve Nutrima) gesitlerinin farkli bigim yiiksekliklerine bagl olarak yaprak ve saplarin mineral element
igeriklerini belirlemek amaciyla 2020 ve 2021 yillarinda Canakkale Onsekiz Mart Universitesi Ziraat
Fakiiltesi arastirma alaninda yiiriitiilmiistiir. Arastirmada yaprak ve saplarin bor, kadmiyum, nikel,
kobalt, krom ve kursun degerleri incelenmistir. Calismadan elde edilen sonuglara gore; bitkilerde
biiylimeye bagl olarak yaprak ve saplarin mikromineral (bor, kadmiyum, nikel, kobalt, krom ve
kursun) igeriklerinde %8-50 civarinda diislisler gergeklesmistir. Yapraklarin mikromineral
iceriklerinin sap kisimlarindan %10-60 dolayinda daha fazla oldugu goriilmistir. Sap kisimlarinin
yalnizca kobalt igerigi bakimindan yapraklardan daha yiiksek seviyede oldugu tespit edilmistir.

Yiirtitillen bu arastirmanin neticesinde otlatma ve kaba yem kaynagi olarak yetistirilecek bu
cesitlerde otlarin mineral element icerikleri bakimindan cesitlerin benzer ozellik gosterdigi ve
cesitlerin fizyolojik olum donemlerinde hasat edilmesi gerektigi sonucuna varilmistir.

Tesekkiir
Bu ¢alisma “Tiirkiye Bilimsel ve Teknolojik Arastirma Kurumu (TUBITAK)” tarafindan desteklenen 120-0-527
No'lu Projeden iiretilmistir. Ayrica bu arastirma Berk YILDIRIM’1n Yiiksek Lisans Tezinden olusturulmustur.

Arastirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig olduklarini beyan eder.

Cikar Catismasi Beyam

Makale yazarlari aralarinda herhangi bir ¢ikar ¢atigmasi olmadigini beyan ederler.
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“COMU ZIRAAT FAKULTESI DERGISI” YAYIN ILKELERI VE
YAZIM KURALLARI

Yaymn flkeleri

“COMU Ziraat Fakiiltesi Dergisi” (COMU Ziraat Fak. Derg.), tarim alaninda yapilmis ulusal
ve uluslararasi 6zgiin aragtirma makalelerinin yani sira bilimsel, teknolojik yenilik ve yontemleri
sunan derleme niteligindeki ¢aligmalar1 yayinlar.

Dergi yilda iki defa cikartilir. “Yaymn Kurulu’nun” karart dogrultusunda bu say1
degistirilebilir. Makaleler dncelikle “Yayin Kurulu Baskani” tarafindan 6n incelemeye tabi tutulur.
“Yaym Kurulu”, dergide yaymlanabilecek nitelikte bulmadigi makaleleri ret etme hakkina sah iptir.
Degerlendirmeye alinan makaleler, incelenmek {izere biri dergi “Danisma Kurulu” iiyesi olmak iizere,
2 hakeme gonderilir. Makalelerin yayina kabulii, hakem goriisleri dogrultusunda “Yaym Kurulu”
tarafindan karara baglanir. Makalelerin dergideki yayin sirasi, makalelerin dergiye gelis ve kabul tarihi
dikkate alinarak “Yayin Kurulu” tarafindan saptanir.

Dergide yaymlanacak makaleler “Tiirkge” veya “Ingilizce” yazilabilir, ayn1 dergide, bir
yazarm ilk isim olarak en fazla 2 adet makalesi yaynlanabilir, yayinlanan makalelere telif iicreti
0denmez. Biitiin makaleler dergi yazim kurallarina gore yazilmalidir. Yazim kurallarma uygun
olmayan makaleler, diizeltilmek iizere sorumlu yazara iade edilir. Sorumlu yazarin posta ve e-posta
adresi makalenin ilk sayfasi sonunda belirtilmelidir. Sorumlu yazar tarafindan gonderilen makalenin
ne tiir bir ¢caligma oldugu agiklanmalidir.

Sorumlu yazar, 2 niisha makale ¢iktis1 ile birlikte, calismalarnin bagka yerde
yaymlanmadigini ve baska dergiye yaymlanmak lizere gonderilmedigini belirten imzali bir belge
sunmalidir. Ayrica yazarlar, yayin haklarini “COMU Ziraat Fakiiltesi Dergisi’ne” verdiklerine dair
“Telif Haklar1 Formu’nu” imzalamahdirlar. Yayinlanmak {izere dergiye géonderilecek makaleler
ve makalede yer alan biitin sekil, resim ve ¢izelgeler derginin e—posta adresine
(ziraatdergi@comu.edu.tr) gonderilmelidir.

Makaleler; ‘Lisans Bitirme Tezi’, ‘Yiiksek Lisans Tezi’, ‘Doktora Tezi’ veya projeden
iretilmis ise makalede dip not olarak belirtilmelidir. Dergide yayinlanacak yazilarin her tirli
sorumlulugu yazar(lar)ma aittir.

Yazim Kurallan

Makaleler 8 sayfay1 gecmeyecek ve sayfa kenarliklari her yonden 2,5 cm olacak sekilde
hazirlanmalidir. Bununla birlikte yazarlar tarafindan 6zellikle belirtildiginde, “Yaymn Kurulu’nun” izin
vermesi durumunda sayfa sayisi arttirilabilir. Paragraflar ise 1,25 cm i¢eriden baglamalidir.

Dergiye yaymlanmak iizere gonderilen bir makale su ana basliklardan olusmalidir;

* Baslik,

* Yazar(lar) adi, soyadi,

« Ozet ve Anahtar kelimeler,

» Ingilizce baslik ve Anahtar kelimeler,

* Giris,

* Materyal ve YOntem,

* Bulgular ve Tartisma (ayr1 ayr1 da sunulabilir),

« Sonuc ve Oneriler,

» Kaynaklar.

Baslik: Koyu renkte ‘Times New Roman’ 14 punto ve bagliktaki her kelimenin ilk harfi biiyiik
olacak sekilde tek satir araligi ile sayfaya ortali olarak yazilmali ve 15 kelimeyi gegmemelidir.

Yazar Adlari: ‘Times New Roman’ 11 punto, koyu, tek satir araliginda, yazarlarin acgik adlar
unvan belirtilmeden, ad ve soyadlarn ilk harf biiyiik olacak sekilde, sayfaya ortali olarak yazilmalidir.
Soyadlarin bittigi en son karakter tizerine {issel olarak rakam ile yazar adresine ve e-posta adresine
atifta bulunulmalidir. Yazaradresleri ve sorumlu yazarin e-posta adresi yazar adlarinin hemen altina
dipnot olarak ‘Times New Roman’ 9 punto ve sola yaslanmis olarak yazilmalidir.



Ozet ve Anahtar Kelimeler: Tiirkge ve Ingilizce 6zetlerin her biri 200 kelimeyi gegmemelidir.
Ingilizce 6zet bashg ‘Times New Roman’ 12 punto ve tek satir araliginda ortali olarak yazilmalidir.
Tiirkce ve Ingilizce 6zet, ‘Times New Roman’ 10 punto ve tek satir araliginda iki yana yash sekilde
hazirlanmalidir. Tiirkge yaymlarda genis bir ingilizce, Ingilizce yaymlarda ise genis bir Tiirkce 6zete
yer verilmelidir. Ozetlerden hemen sonra 6zetle ayni1 dilde ilk harfleri biiyiik olmak {izere kiigiik
harflerle 6 kelimeyi gegmeyecek sekilde anahtar kelime sola dayali olarak yazilmalidir.

Giris: Daha 6nce yapilmis temel aragtirmalar ile ¢alismanin 6nem, amag ve konusunu belirten
bir kompozisyon i¢ermelidir. Biitiin alt bagliklar ve metin kism1 ‘Times New Roman’, 11 punto ve tek
satir araliginda iki yana yasl olarak yazilmahdir.

Materyal ve Yontem: Caligmanin ileriki donemlerde tekraria imkan verecek diizeyde bilgi ve
kaynak icerecek sekilde yazilmali, makalede kullanilmis olan biitiin yontemler detayl bir sekilde
aciklanmalidir. Biitiin alt basgliklar ve metin kism1 ‘Times New Roman’, 11 punto ve tek satir
araliginda iki yana yash olarak yazilmalidir.

Bulgular ve Tartigma: Bu boliim istenirse Bulgular ve Tartisma olarak iki kisimda da
incelenebilir. Elde edilen bulgular verilmeli, gerekirse g¢izelge ve sekillerle desteklenerek
agiklanmalidir. Cizelgeler miimkiin oldugunca istatistiki olarak ifade edilmelidir. Bulgular tartigilmali,
bulgularin baska arastirmalarla benzerlik ve farkliliklar verilmeli, nedenleri agik¢a tartigiima lidir.
Biitiin alt baslklar ve metin kismu ‘Times New Roman’, 11 punto ve tek satir araliginda iki yana yash
olarak yazilmalidir.

Sonug ve Oneriler: Elde edilen sonuglarin bilime ve uygulamaya katkis1 6nerilerle birlikte
vurgulanmalidir. Calisma sonuglari net bir gekilde ifade edilmelidir. Biitiin alt basliklar ve metin kism1
‘Times New Roman’, 11 punto ve tek satir araliginda iki yana yash olarak yazilmalidir.

Tesekkiir: Gerekli ise miimkiin oldugunca kisa olmalidir. ‘Times New Roman’, 9 punto ve tek
satir araliginda iki yana yasli olarak yazilmaldir.

Kaynaklar: Kaynaklar makale sonunda, yazarlarin soyadlari esas alinarak alfabetik olarak ve
orijinal dilinde 1,25 cm asili olacak sekilde verilmelidir. ‘Times New Roman’, 10 punto ve tek satir
araliginda iki yana yasl olarak yazilmaldir.
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