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0z

Bu ¢alismada; misir Gretiminde toprak ve su kaynaklarinin surdirilebilirligi agisindan damla sulama
yonteminin uygulanabilirligi incelenmistir. Arastirma Adana ilinde 105 dretici ile anket yapilarak yaratilmastir.
Elde edilen anket verileri tanimlayici istatistikler ve Ki-kare testi ile analiz edilmistir. Ureticilerin yillik tarimsal
gelir dizeylerine gore misir yetistiriciligi faaliyetlerini etkileyen faktorlerin analizinde kullanilan Ki-kare testi
sonucunda; gelir diizeyi ile misir Uretim tecriibe siireleri, Tarim ve Orman il-ilge Mudirlikleriyle gériisme
sikhklari, silajlik, danelik misir Gretme durumlari, toplam isledikleri arazi, misir Gretiminde glibre desteginden
yararlanma ve sulama ydntemlerine iliskin egitimlere katilmayi isteme durumlari arasinda istatistiki agidan
anlamli bir farkhihgin oldugu belirlenmistir. Arastirma bolgesinde damla sulama y6ntemini tercih etme orani ¢ok
dusuktar. Ciftciler misir Gretiminde salma sulama yontemini daha fazla tercih ettigi icin misir verimini artirmada
yine ayni yontemin dogru oldugu fikrini kabul etmektedirler. Misirda sulama teknikleri ve yontemleri
konusunda egitim calismalarina katilmak isteyen Uretici sayisi fazladir. Bu agidan o6zellikle damla sulama
yonteminin Gretim maliyetinin azalmasinda ve misir veriminin artmasindaki roliiniin alaninda uzman kisi ve
kurumlar araciligiyla Ureticilere aktarilmasi dnemli olacaktir.

Anahtar kelimeler: Misir Giretimi, sulama yontemleri, damla sulama, strdurilebilir tarim, Adana

Applicability of Drip Irrigation Method for the Sustainability of Soil and Water Resources in
Corn Growing

ABSTRACT

In this study; The applicability of the drip irrigation method in corn production in terms of the
sustainability of soil and water resources was examined. The research was carried out by making a survey with
105 producers in Adana. Obtained survey data were analyzed with descriptive statistics and Chi-square test. As
a result of the chi-square test used in the analysis of the factors affecting the corn farming activities according
to the annual agricultural income levels of the producers; It has been determined that there is a statistically
significant difference between income status and corn production experience, the frequency of meeting with
the Provincial-District Directorates of Agriculture, the production of silage and grain corn, the total land they
cultivate, the use of fertilizer support in corn production and the willingness to participate in trainings on
irrigation methods. The rate of preference for drip irrigation method is very low in the research area. Since
farmers prefer the flood irrigation method more in corn production, they accept the idea that the same
method is correct in increasing corn yield. The number of producers who want to participate in training studies
on irrigation techniques and methods in corn is high. In this respect, it will be important to transfer the role of
drip irrigation method in reducing the production cost and increasing the yield of corn to the producers
through experts and institutions.

Key words: Corn production, irrigation methods, drip irrigation, sustainable agriculture, Adana
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GIRIS

Tahil Grinleri, protein ve karbonhidrat iceren besinlerden olusmaktadir. Piring, yulaf, arpa, bugday,
cavdar ve misir baslica tahil Grinlerindendir. Kolay ulasilabilir olmasi, ¢cabuk bozulmamasi ve ylksek eneriji
degerine sahip olmasi gibi sebeplerle tahillar yaygin olarak tiketilmektedir (Dogu Baykut, 2021). Diinyada,
tarimi yapilan Urinlerin %41’ini tahillar olusturmaktadir. Misir bitkisi tGretim ve tiketim agisindan en énemli
tahil riin olarak bilinmektedir (Ozcan, 2009; Ahmad ve ark. 2018; Celik, 2019; FAO, 2020; Akkurt ve Demirbas,
2021; FAO, 2022).

Misir {iretim ve ekim alaninda en énemli (ilkeler ABD, Cin ve Brezilya’dir. Uretimde ABD, ekim alaninda
Cin ilk siradadir. Kiiresel misir Giretim verileri incelendiginde; 2021/2022 yilinda 207.287 bin ha olan misir alani
2022/2023 yilinda %5.57 azalarak 201.190 bin ha, 5.88 ton/ha olan verim degeri %2.72 azalarak 5.72 ton/ha ve
Uretim ise 1.218.704 ton iken %5.57 azalarak 1.150.73 ton olarak belirlenmistir. Turkiye’de 2020/2021 yilinda
6.916 bin ha olan misir alani %9.62 artarak 7.582 bin ha, 940 kg/da olan verim degeri %5.32 azalarak 890 kg/da
ve lretim ise 6.500 milyon ton iken %3.85 artarak 6.750 milyon tona ulasmistir (TEPGE, 2023). Uretim
miktarindaki artisa bagli olarak misir bitkisinin gerezlik olarak tuketiminin yani sira yem, yag ve tatlandirici
sektoriinde, biyoyakit-biyoetanol tretiminde kullanimi yayginlasmistir (TMO, 2016; TMMOB, 2020).

iklim kosullarina paralel olarak Ureticilerin misir tohum tercihleri degisebilmektedir. Yiiksek verimli,
kurakhga dayanikli, ekonomik hibrit ¢esitleri dncelikli olarak tercih edilmektedir. En etkili abiyotik streslerden
olan kuraklik stresi misir verimi ve kalitesini 6nemli diizeyde etkilemektedir. Kurakhk stresi misir bitkisini her
donemde etkileyebilir. Su kaynaklarinin azalmasi Tirkiye misir Gretimini ve kalitesini olumsuz bir sekilde
etkilemektedir. Sulama suyu, misirin biylimesi ve gelisimi i¢in oldugu kadar déllenme, tane tutumu ve verim
artisi icin de ¢ok 6nemlidir. Tlrkiye’de ve Diinya’da son yillarda, sulanan tarim alanlarinin genisletilmesi ve
mevcut su kaynaklarinin daha rasyonel kullanimi gittikge 6nem kazanmaktadir. Buna bagli olarak su kullanim
etkinligini artiran basingli sulama sistemlerinin uygulanmasi yayginlasmaktadir (Agizan, 2018; Erdal, 2019;
Gondlal ve Soylu, 2020; Agdaci ve Arslan, 2022; Tiirkten ve ark. 2023).

Basingl sulama sistemlerinden olan damla sulamanin birim alana maliyetinin yiksek olmasi ve
damlaticilarin tikanmasi gibi dezavantajlari bulunmasina ragmen su tasarrufu ve verim artisi saglamasi, 6zellikle
sulamadan sonra toprak ylizeyinde olan evaporasyonu ve yabanci ot gelisimini azaltmasi gibi 6nemli avantajlari
bulunmaktadir. Farkli sulama yontemleri ve sulama diizeyleri misir kék sistemini, su ve besin kullanim
verimliligini ve tane verimini etkilemektedir (Materechera ve Mloza-Banda, 1997; Camp ve ark., 2000; Simsek
ve Gergek, 2005; Cetin ve ark., 2010; Ekinci, 2015; Degirmenci ve ark. 2016). Son yillarda arastirmalar; kurakhga
dayanikli bitki cesitlerine ve daha az su kullanilarak uygulanan verimli sulama yéntemlerine yoneliktir. Bu
arastirma sonuglarinin énemli bir kisminda su kaynaklarinin tasarruflu ve akilci kullanimi icin damla sulama
yonteminin yayginlastiriimasi gerektigi konusuna deginilmistir (Al-Hurmuzi, 2018).

Onceki calismalarda; misir yetistiriciliginde giibre kullanimi (Budakl Carpici, 2009; Arslan, 2016; Dogan
ve ark., 2020), misir Giretim maliyetinin hesaplanmasi (Paksoy ve Ortastz, 2018; Demirtas ve Kizilaslan, 2021;
Aycicek ve Karakaya, 2022), misir yetistiriciliginde destek alimini etkileyen faktorler (Demirdégen, 2018; Karli ve
ark., 2018), misirda damla sulama uygulamasi (Simsek ve Gergek, 2004; Vural ve Dagdelen, 2008; Demirok ve
Tuylu, 2019) konularinda arastirmalar yapilmistir.

Bu calismada Adana ilinde misir Ureten ciftcilerin Uretim asamasinda tercih ettikleri sulama
yontemlerinin incelenmesi, mevcut su uygulamalarinin verim ve gelir dizeylerine etkisinin belirlenmesi
amaglanmis olup sdrdarilebilir tarim  agisindan  6nerilen damla sulama ydnteminin uygulanabilirligi
arastinlmistir.

MATERYAL ve METOT
Arastirmanin verileri 2022 yilinda Adana ilinde musir yetistiriciligi faaliyetinde bulunan ve Oransal
ornekleme yontemiyle (Newbold, 1995) belirlenen 105 uretici ile yiiz yiize yapilan anketlerden elde edilmistir.

o N*p*@-p)
* 2 *
(N-D*o, +p*(1-p)
Formulde;
n:Ornegin blyukluga,
N: Popiilasyondaki isletme sayisio?,: Oranin varyansi,
p: Uretici sayisinin popiilasyondaki oranini (%5) géstermektedir.

Misir Ureticilerinin Uretim asamasinda kullandiklari sulama yontemlerinin ve tercih edilen sulama
yonteminin verim ve gelir duzeyine etkisinin incelendigi bu g¢alismada damla sulama ydnteminin
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uygulanabilirligi arastirilmistir. Ureticilerin yillk tarimsal gelir diizeylerine gére misir yetistiriciligi faaliyetlerini
etkileyen faktorler Ki-kare testi ile analiz edilmistir. Karl Pearson tarafindan tanitilmis ve Sir Ronald Fisher
tarafindan gelistirilmis, parametrik olmayan analiz yontemlerinden olan Ki-kare testi (Pearson, 1900; Fisher,
1922), iki ya da daha fazla kategoriye sahip olan iki degiskenin karsilastiriimasi amaciyla kullaniimaktadir.
Frekanslari ya da oranlari karsilastirilan degisken kategorilerdeki degerler ¢apraz tablolar ile agiklanmaktadir
(Balci ve Ahi, 2017).

BULGULAR ve TARTISMA

Ankete katilan misir Greticilerinin yillik gelir dlizeyleri diisiik (<487.000 TL), orta (487.000 — 786.000 TL),
yuksek (2786.001 TL) olarak siniflandiriimis olup %30.5’inin dislk, %39.0’unun orta, %30.5’inin yiliksek diizeyde
yillik tarimsal gelire sahip olduklari saptanmistir. Tarimsal tGretimden elde ettikleri yillik gelir ortalama 722.000
TUdir. Katihmcilarin yas ortalamasi 40.68 vyil olarak hesaplanmistir. Ureticilerin 58’i (%55.2) ortaokul
mezunudur. Hanesinde 4 ve daha fazla birey yasayanlarin sayisi 63 (%60.0), tarimla ugrasan aile birey sayisi
ortalama 1.27 kisidir. Tarimla ugrasan aile birey sayisi 3 ve daha fazla olanlarin %42.9’u yiksek dizey gelire
sahiptirler (Cizelge 1). ikikat Tiimer ve ark. (2019), calismalarinda Kahramanmaras ilinde misir ireticilerinin yas
ortalamasini 50.51, aile birey sayisini ortalama 7.03, tarimla ugrasan aile birey sayisini ortalama 1.21 olarak
tespit etmislerdir. Demirtas (2019), Amasya ilinin merkeze bagh koylerinde faaliyet gosteren misir Gretim
isletmelerinde ciftcilerin; %24’tnin ilkokul, %30’unun ortaokul, %29.0’unun lise ve %16.0’sinin lisans mezunu
oldugunu belirlemistir.

Cizelge 1. Gelir diizeylerine gore Ureticilerin sosyo-demografik 6zellikleri

Dislik Orta Yiksek Toplam
N % N % N % N %
<38 19 46.3 17 41.5 5 12.2 41 100.0
Yas
2 1 20. 24 . 27 42.2 4 100.
(Ort. 40.68 yil) 39 3 0.3 375 6 00.0
Toplam 32 30.5 41 39.0 32 30.5 105 100.0
<Ortaokul 14 24.1 21 36.2 23 39.7 58 100.0
Egitim duzeyi >Lise 18 38.3 20 42.6 9 19.1 47 100.0
Toplam 32 30.5 41 39.0 32 30.5 105 100.0
<3 kisi 12 28.6 21 50.0 9 21.4 42 100.0
Aile birey sayisi .
24 k 2 1.7 2 1.7 2 . 100.
(Ort. 3.78) isi 0 3 0 3 3 36.6 63 00.0
Toplam 32 30.5 41 39.0 32 30.5 105 100.0
. 1-2 kisi 27 35.0 30 39.0 20 26.0 77 100.0
Tarimla ugrasan
birey sayisi >3 kisi 5 17.9 11 39.2 12 42.9 28 100.0
(Ort. 1.27)
Toplam 32 30.5 41 39.0 32 30.5 105 100.0

Ureticilerin tarimsal faaliyet deneyimleri ortalama 11.18 yil olarak hesaplanmistir. Tarimsal iretim
tecriibesi 11 yil ve daha fazla olanlarin %47.8’inin, 10 yil ve daha uzun siredir misir iretim deneyimi olanlarin
%50.0’sinin ylksek dizeyde gelir grubunda olduklar belirlenmistir. Tarimla ilgili herhangi bir konuda bilgi
edinmek amaciyla tarim danismani ile yilda birka¢ defa gorisen 18 kisi (%17.1), tarim danismani ile hig
goriismeyen 87 (%82.9) kisidir. Tarim ve Orman il-ilce Miidiirliigii personelleri ile yilda birkag defa goriisenlerin
%48.4’U yiksek dizey gelir grubundadir. Arastirma bolgesindeki katilimcilarin 104’UGniin (%99.0) bitkisel Griin
sigortas! yaptirmadigi saptanmistir. Ciftcilerin tamaminin kuraklik verim sigortasi hakkinda bilgi sahibi olmadigi
belirlenmistir (Cizelge 2). Tokat ilinde farkl bir arastirma sonucunda bitkisel triin sigortasi yaptirmayi etkileyen
faktérlerden egitim durumu pozitif ydnde etkili bir degisken olarak bulunmustur (ikikat Tiimer, 2011).
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Distk Orta Yiksek Toplam
N % N % N % N %
. <10 26 441 23 390 10 169 59  100.0
Tarimsal faaliyet
tecribe siresi 211 13 130 18 392 22 478 46  100.0
(ort: 1118yl 1 01am 32 305 41 390 32 305 105  100.0
Misir <9yl 24 421 25 439 8 140 57 100.0
detiricilisi

YEUSHMCHEl 10yl 8 167 16 333 24 500 48  100.0
tecriibe siresi
(ort. 10.02yil)  Toplam 32 305 41 390 32 305 105  100.0

Hie 25 287 37 426 25 287 87  100.0
Tarim danisman  80rUsmuyorum
ile gorisme Yilda birkag 7 389 4 222 7 38.9 18 1000
sikligi defa

Toplam 32 305 41 390 32 305 105  100.0

Hig
TanmveOrman  gorismiyorum 25 338 32 432 17 230 74 1000
il-ilce .

Yilda birk
Miidiirlikleri ile d'ef: Iriac 7 226 9 290 15 484 31  100.0
gorisme sikhig

Toplam 32 305 41 390 32 305 105  100.0
Bitkisel Girdin Hayir 32 308 40 384 32 308 104  100.0
sigortas! Evet - ; 1 100.0 - ; 1 100.0
yaptirma
durumu Toplam 32 305 41 390 32 305 105  100.0

. Hayir 32 305 41 390 32 305 105  100.0

Kuraklik verim
sigortasini bilme  Evet - - - - - - - 100.0
durumu Toplam 32 305 41 390 32 305 105  100.0

Misir yetistiriciligini misir Gretiminde deneyimli oldugu icin tercih edenlerin %64.3'0 yliksek diizeyde,
yakin gevresinin misir Uretimi yapmasi nedeniyle tercih edenlerin %40.8’i disik dizeyde, yetistiriciliginin kolay
olmasi yonuiyle tercih edenlerin %44.0'G ve gelir getirisi yliksek oldugu icin tercih edenlerin %56.0’s1 orta
diizeyde gelire sahiptirler. Katihmcilarin 45’inin (%42.9) misir ¢esidi segerken hastalik, zararli, yabanci otlar
acisindan avantajli olmasina, 38’inin (%36.2) veriminin yiksek olmasina daha fazla dikkat ettikleri tespit
edilmistir. incelenen isletmelerde ciftgilerin 41'i (%39.0) silajik misir, 64’G (61.0) danelik (yaghk) misir
Uretmektedir.isletmelerde misir sulama ydntemlerinden damla ve salma sulama yéntemleri tercih
edilmektedir. Salma sulama yonteminin misir verimini arttirmada dogru bir yontem oldugunu distinen 100
kisidir (%95.2). Silajlik misir yetistiriciliginde ¢iftgilerin 36’sinin (%87.8) ve danelik misir yetistirenlerin 62’sinin
(%96.9) damla sulama yontemini tercih ettigi belirlenmistir (Cizelge 3). Farkli sulama sistemlerini kullanan misir
Ureticileri bu yontemleri tesadufi olarak segmemis olup bilingli ve gerekgeli olarak tercih etmislerdir. Bolgede
uygulanan ucretlendirmelerde damla sulama kullanan Ureticilerin toprak ve su kaynaklarinin korumasindan
dolayi salma sulamaya gore daha az bir Gcret alinarak damla sulamaya tesvik edilmeleri gereklidir (Altun, 2017).
Su kaynaklarinin verimli kullanilmasi i¢cin salma-sulama yéntemi yerine yagmurlama ve damla sulamanin
yayginlastiriimasi, giftcilere benimsetilmesi saglanmalidir (Ozdemir ve Aksoy, 2022).
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Cizelge 3. Gelir dlizeylerine gére misir yetistiriciligine iliskin bilgiler

Daslik Orta Yiksek Toplam
N % N % N % N %
Misrr Gretim
isir tretiminde 3 107 7 250 18 643 28 1000
tecrubeliyim
v L.
Misir akin gevrem bu isi 11 408 9 333 7 259 27 1000
yetistiriciliginin Yapiyor
tercih edilme  Yetistiriciligi kolay 10 40.0 11 44.0 4 16.0 25 100.0
nedenleri . L
Gelir getirisi ylksek 8 32.0 14 56.0 3 12.0 25 100.0
Toplam 32 30.5 41 39.0 32 30.5 105 100.0
Herhangi bi
erhanst bir seve 2 400 1 200 2 400 5 1000
dikkat etmiyorum
Hastalik, zararli,
Misir cesidi yabanci otlar agisindan 13 28.9 17 37.8 15 333 45 100.0
secerken avantajli olmasina
dikkat edilen  Verimin yiiksek
faktrler olmasina 11 28.9 17 447 10 26.4 38 100.0
Ekonomik katkisina 6 35.3 6 35.3 5 29.4 17 100.0
Toplam 32 30.5 41 39.0 32 30.5 105 100.0
S Hayir 14 21.8 25 39.1 25 39.1 64 100.0
Silajlik misir
yetistirme Evet 18 43.9 16 39.0 7 17.1 41 100.0
durumu Toplam 32 305 41 390 32 305 105  100.0
. Hayir 18 43.9 16 39.0 7 17.1 41 100.0
Danelik misir
yetistirme Evet 14 21.8 25 39.1 25 39.1 64 100.0
durumu Toplam 32 305 41 390 32 305 105  100.0
Misir verimini  Salma 30 300 40 40.0 30 300 100  100.0
artirmada
etkili oldugu Damla p 40.0 1 20.0 p 40.0 5 100.0
disindlen
sulama Toplam 32 30.5 41 39.0 32 30.5 105 100.0
yontemi
. Salma 2 40.0 2 40.0 1 20.0 5 100.0
Silajlik misir
sulama Damla 16 44.4 14 38.9 6 16.7 36 100.0
yontemi Toplam 18 439 16 390 7 171 41  100.0
. Salma - - - - 2 100.0 2 100.0
Danelik misir
sulama Damla 14 22.6 25 40.3 23 37.1 62 100.0
yontemi Toplam 14 218 25 391 25 391 64  100.0
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Misir Ureticilerinin yillik gelir diizeyleri diisik (<487.000 TL), orta (487.000 — 786.000 TL), yiksek
(2786.001 TL) olarak incelenmistir. Katilimcilarin %30.5’i distk, %39.0’u orta, %30.5’i yiiksek diizeyde yillik
tarimsal gelire sahiptir. Gelir diizeyi ile misir {iretim tecriibe siireleri, Tarim il-ilge Midirlikleriyle gériisme
sikliklari, silajlik, danelik misir Uretme durumlari, toplam isledikleri arazi, misir Giretiminde giibre desteginden
yararlanma ve sulama yontemlerine iliskin egitimlere katilmayi isteme durumlari arasindaki farklilig tespit
etmek amaciyla verilere Ki-kare testi uygulanmis olup aralarinda istatistiki agidan anlamh bir farkhhgin oldugu
(p<0.05) tespit edilmistir. Misir yetistiricili§i yapan bireylerin tecrlibe sireleri arttikgca gelirlerinin arttig
belirlenmistir. Tarim ve Orman il-ilge Miidiirliikleriyle yilda birka¢ defa gériisenlerin yiiksek gelir diizeyine sahip
oldugu saptanmistir. Silajlik misir Gretenlerin %43.9’u dusik, danelik misir Gretenlerin %39.1'i ylksek gelir
grubundadir. Toplam arazisi 75 dekar ve daha az olanlarin yillik gelir diizeyi dustktir. Misir Gretiminde gilibre
destegi alanlarin %20.0’si dusik, %40.0’'1 orta, %40.0"1 yiksek gelir dizeyine sahiptir. Sulama ve sulama
yontemlerine iliskin egitim calismalari olmasi durumunda bu egitimlere katilmak isteyenlerin %44.6’s1 orta
dizeyde yillik tarimsal geliri olan bireylerdir (Cizelge 4).

Cizelge 4. Ureticilerin yillik tarimsal gelir diizeylerine gére misir yetistiriciligi faaliyetlerini etkileyen faktorler

Daslik Orta Yiiksek Toplam Ki-kare degeri
diizeyde diizeyde dizeyde P (P degeri)
<9 42.1 43.9 14.0 100.00
Misir Gretim tecribesi 510 167 333 0.0 100.00 17.332%*
(yil) - ’ ) ) ) (0.000)
Toplam 30.5 39.0 30.5 100.00
Tarim ve Orman i|-i|§;e Hi¢ gbérismiyorum 33.8 43.2 23.0 100.00 6.660%*
Mudurlukleriyle Yilda birkag defa 22.6 29.0 48.4  100.00 (6 036)
gortsme sikhigi Toplam 30.5 39.0 30.5  100.00
o Hayir 21.8 39.1 39.1 100.00
Silajlik misir Gretme £ 439 39.0 17.1 100.00 7.944%**
durumu vet ’ ’ ) ’ (0.019)
Toplam 30.5 39.0 30.5 100.00
. Hayir 43.9 39.0 17.1 100.00
Dane (yaglik) misir £ )18 39.1 39.1 100.00 7.944%*
Gretme durumu vet : ) ) ) (0.019)
Toplam 30.5 39.0 30.5 100.00
<75 75.7 21.6 2.7 100.00
Toplam arazi (da) >76 5.9 48.5 456  100.00 57.203°%
P 2 : : : : (0.000)
Toplam 30.5 39.0 30.5 100.00
Misir Uretiminde Hayir 40.0 38.2 21.8 100.00 6.301%*
glibre destegi alma Evet 20.0 40.0 40.0  100.00 (6 043)
durumu Toplam 30.5 39.0 30.5 100.00
s i Hayir 20.0 30.0 50.0 100.00
Stj!a'm? yontemleri y 11.763%*
egitimine katilmak Evet 36.9 44.6 18.5 100.00 (0.003)
isteme durumu Toplam 30.5 39.0 30.5 100.00

SONUC ve ONERILER

Misir Uretiminde toprak ve su kaynaklarinin sirduarilebilirligi agisindan damla sulama ydnteminin
uygulanabilirliginin incelendigi bu calismada ciftcilerin tarimsal Uretimle ilgili konularda tarim danismani ile
goriisme orani ¢ok disiiktiir. Tarim ve Orman il-ilce Midirliigi personelleri ile hic gériismeyen ciftcilerin orani
yuksektir. Bu durum (reticilerin bilgi edinme konusunda yeterli destegi almadiklarini ve yanlis veya eksik bilgi
dizeyi ile Giretim yapma ihtimallerinin arttigl sonucunu géstermektedir.

Misir Greticilerinin blyilk ¢ogunlugu bitkisel Grlin sigortasi yaptirmamaktadirlar. Ayrica bu ciftgiler
kurakhk verim sigortasi hakkinda da bilgi sahibi degillerdir. Adana gibi yaz aylarinin 35 °C sicakligin izerinde
oldugu illerde ciftgilere, bitkisel Urin sigortasinin 6nemi, kapsami hakkinda egitim verilmeli ve sigorta
yaptirmalari tesvik edilmelidir. Ayrica ciftciler misir Uretiminde karsilasabilecekleri riskler ve bu risklerin
onlenmesinde ya da herhangi bir hasar meydana gelmesi halinde alabilecekleri tedbirler konusunda
bilgilendirilmelidir.
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Sulama yontemlerinden damla sulama yontemini tercih etme orani ¢ok diisiik olup genellikle salma
sulama yonteminin daha fazla tercih edildigi belirlenmistir. Calisma alaninda disiik bir oranda da olsa damla
sulama yonteminin tercih edilmesi bu bolgede ciftgilerin damla sulama yontemini kullanmaya 6zendirilmelerine
yonelik calismalarin pratik sekilde yurutilmesini saglayacaktir. Ciftciler misir Gretiminde salma sulama
yontemini daha fazla tercih ettigi icin misir verimini artirmada yine ayni ydntemin dogru oldugu fikrini kabul
etmektedirler. Misirda sulama teknikleri ve ydntemleri konusunda giftgilerin bilinglendirilmesi gereklidir.
Bilinglendirme galismalarinda damla sulama ydntemi kullanan giftgilerin tecriibelerinden faydalaniimali ve bu
ciftcilerin tecrlibelerini damla sulama yontemini kullanmayan ciftcilerle paylasmalarina olanak saglanmalidir.

Ciftciler misir gesidi segerken hastalik, zararli, yabanci otlar agisindan avantajli olmasina daha fazla 6nem
vermektedir. Misir g¢esidi seciminden sonraki siireg; verim ve kalitenin arttirlmasi agisindan arastirma
bolgesinde daha fazla 6nem verilmesi gereken konulardandir. Bolgedeki ciftcilere hastalik, zararh, yabanci
otlarla miicadelede damla sulamanin 6nemi ve faydalari konusunda egitimler verilmelidir.

Misir Uretim teknigi konusunda egitim alma orani ¢ok digtiktir. Ciftgilerin sulama ve sulama yéntemleri
konusunda egitim ¢alismalarina katilmak istemektedirler. Arastirma alaninda sulama yontemi ile ilgili egitim
calismalarina yonelik faaliyetlere agirlik verilmelidir. Misirda kok ve kok bogazi hastaliklarini 6nlemede etkili,
ekonomik su kullaniminin saglanmasi, uzun vadede verimi artirmasi gibi nedenlerle damla sulama yonteminin
saglayacagi faydalar ciftcilere aktariimali ve bu ydntemin tercih eden iretici sayisi artiriimalidir. Ozellikle damla
sulama yoénteminin uygulanabilirliginin artirilmasinda kurulum, iscilik, bakim ve maliyet agisindan sagladig
avantajlarin giftcilere aktarilmasi gereklidir.

Sonug olarak, misir Giretimi yapan Ureticiler, tohumun toprakla bulusmasindan hasada kadar olan siireg
ile ilgili bilgilendirilmeli, damla sulama y&nteminin tanitiminda demonstrasyon, tarla gtinleri gibi etkinliklere
dahil edilmeli, Gretimde verimlilik ve kalitenin artirilmasi icin bilinglendirilmelidir.

Cikar Catismasi Beyani: Makale yazarlari aralarinda herhangi bir ¢ikar ¢atismasi olmadigini beyan ederler.

Arastirmacilarin Katki Orani Beyan Ozeti: Yazarlar makaleye esit oranda katki saglamis olduklarini beyan
ederler.
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Calismada, tarimsal Uretimin fazla ve tarimsal kurakhgin etkili oldugu Kizilirmak Havzasi’'nda ekstrem
kurak aylarin ve yillarin belirlenmesi ile tarimsal kuraklik-bugday verimi arasindaki iliskinin degerlendirilmesi
amaclanmistir. 1991-2022 yillari arasindaki kurakhk — verim iliskisinin incelendigi calismada, havzada olusan
kuraklik kosullarinin belirlenmesinde Standartlastiriimis Yagis Evapotranspirasyon indisi (SPEI) kullaniimistir.
Kuraklik 1, 3, 6, 9 ve 12 aylik dénemlerde incelenmistir. Calismamizda havzalar arasinda asiri kurakhk degerleri
1994, 2008, 2014 ve 2016 yillarindadir. Kisa donemli (1-3 ayhk) kuraklik siddetinin, 6zellikle galisma alaninin
glineyinde karasal iklimin etkili oldugu Kayseri ve Urgiip istasyonlarinda, bugday verimini olumsuz etkiledigini
gostermektedir. Uzun doénemli (6-12 ayhk) kuraklik ise 2007-2014 vyillari arasinda ¢alisma alaninin gliney
kesimindeki Nevsehir istasyonunda ylksek korelasyon degerlerine sahip olup, kuraklk siddetinin arttigi
dénemlerde verimde ciddi disusler gozlemlenmistir. Kuraklik siddeti ve tekrarlama sikliginin, karasal iklim
ozellikleri, atmosferik kosullar ve artan sicak hava dalgalariyla birlikte 2000’li yillardan itibaren belirgin sekilde
arttigi, bu durumun da verim kayiplarina yol actigi tespit edilmistir. Elde edilen bulgular, bugdayin yaklasik hasat
zamani olan haziran ayina kadar yasanan 6 aylik meteorolojik kurakliklarin Kizilirmak Havzasi’'ndaki bugday
verimine etkili oldugunu ortaya koymaktadir. Calisma, kuraklik ve verim arasindaki iliskinin zamanla degistigini
ve uzun sureli kuraklik kosullarinin tarimsal tGretimi olumsuz etkiledigini gostermektedir.

Anahtar kelimeler: Meteorolojik kuraklik, SPEI, Kizilirmak Havzasi, bugday verimi.

Assessment of the Effect Meteorological Drought on Wheat Yield: A Case Study of
Kizilirmak Basin

ABSTRACT

This research, it was aimed to determine the extreme dry months and years in the Kizilirmak basin,
where agricultural production is high and agricultural drought is effective, and to evaluate the relationship
between agricultural drought and wheat yield. In the study in which the drought - yield relationship between
1991-2022 was examined, Standardised Precipitation Evapotranspiration Index (SPEl) was used to determine the
drought conditions in the basin. Drought was analysed in 1, 3, 6, 9 and 12-month periods. In Kizilirmak Basin, the
class range of normal arid conditions with the highest average frequency value among the drought classes was
determined as -0.99 to 0.99. In this study, extreme droughts among the basins were in 1994, 2008, 2014 and
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2016. Short-term (1-3 months) drought severity has a negative effect on wheat yield, especially in Kayseri and
Urglip stations in the south of the study area where continental climate is effective. Long-term (6-12 months)
drought had high correlation values at Nevsehir station in the southern part of the study area between 2007-
2014, and serious decreases in yield were observed during periods of increased drought severity. It was
determined that drought severity and recurrence frequency increased significantly since 2000s with continental
climate characteristics, atmospheric conditions and increasing heat waves, which led to yield losses. The
obtained findings reveal that the meteorological conditions of 6 months until June, which is approximately the
harvest time of wheat, are effective on wheat yield in Kizilirmak Basin. The study shows that the relationship
between drought and yield changes over time and that long-term drought conditions negatively affect
agricultural production.

Key words: Meteorological drought, SPEI, Kizilirmak basin, wheat yield.

GIRIS

Kuraklik su kaynaklarinin kithgi, ekosistemde bozulmalar, tarimsal Uretim kayiplari, gida sikintisi gibi
tehlikelere sebep olan ve sonug olarak tiim ekosistem ile sosyal kalkinmayi etkileyerek kayiplara yol agan ciddi
bir dogal afettir (Zhou, et al., 2022). iklim degisikligi ile birlikte kuraklik siddeti ve sikligi artmaktadir (Wang, Tu,
Sing, Chen, & Lin , 2021; Zhou, et al., 2022; Wei, et al., 2024). Sicaklik artisina bagli olusan kurakliklar ayni
zamanda bolgesel yagis miktarinin azalmasi ve evapotranspirasyondaki artistan kaynaklanmaktadir (Hao, Sing, &
Xia, Seasonal Drought Prediction: Advances, Challenges, and Future Prospects, 2018). Etkilerine ve nedenlerine
bagl olarak kurakliklar meteorolojik, hidrolojik, tarimsal ve sosyoekonomik kurakliklar olarak siniflandiriimaktadir
(Ndayiragije & Li, 2022). Bu ¢alisma meteorolojik kurakhgin tarimsal kuraklik ile bugday verimi tzerine olan
etkisini analiz etmeye odaklanmaktadir.

Tarimsal kuraklk, belirli bir zamanda belirli miktarda mahsul veya mera buyumesi ihtiyaglarini
karsilamak icin gerekli toprak neminin veya toprak suyunun yetersiz olmasidir (Li, Liu, Hau, Han, & Chen, 2021;
Guo, et al., 2023). Artan sicakhklar daha fazla buhar basinci acigi ve buharlasma talebini arttirarak
evapotranspirasyonun artmasi ile toprak neminin azalmasina neden olur (Hao, Sing, & Xia, 2018). Bu durum,
sicakhgin evapotranspirasyonu degistirerek yagis modellerini dogrudan etkilemesi ve bu yolla atmosferik su
kaynaklarinda meydana gelen degisikliklerin, meteorolojik kuraklik kosullarini  sekillendirmesiyle
sonuglanmaktadir (Wei, et al., 2024). Toprak neminin azalmasi ya da sicaklik ve yagis eksikligi baskisi sonucu triin
kalitesinde ve Uretim potansiyelinde degisiklikler gorilebilir (Aydin & Sarptas, 2018; Camoglu, Demirel, Kahriman,
Akcal, & Nar, 2024). Ornegin hava sicakliklarindaki artis yetistirilen triinlerin olgunlasma zamaninin kisalmasi ya
da ciceklenme dénemindeki yiksek sicakliklar ile tane/tohum miktarinda azalma gibi bitki gelisimine etkisi
olacaktir (Moriondo, Giannakopoulos, & Bindi, 2011). Blylime donglsi boyunca yasanan yliksek sicakliklar ve
yagis yetersizligi ile su stresi artarak bitki gelisimini olumsuz etkilemektedir (Iqbal, Goheer, & Khan, 2009;
Ozelkan, Chen, & Ustlindag, 2016). Bugdayin yerel ve bolgesel dizeyde ekonomiyi 6nemli 6lglide etkileyen,
dinya capinda en ¢ok dretilen Urlnlerden biri olmasi kurakliga karsi olan hassasiyeti ile 6nemli tarim
triinlerinden biridir. Ozellikle iklime bagl olarak yetistirilen ve calismamizda konu olan bugday kuraklik
stresinden tim asamalarinda etkilenmektedir. Ancak en kritik agamalar tane olusum ve Greme agsamasindadir
(Raza, et al., 2019). Bu degisikliklerle birlikte tarimsal faaliyetlerin yiritildiga alanlarda toprakta meydana
gelecek verimsizlik, bitkinin su ihtiyacini karsilayamamasi, tarimsal tretimin azalmasi ve tarimsal alanlarin amag
dist kullanilmasi gibi durumlar meydana gelir (Partigoc & Soganci, 2019).

Tarimsal kurakhigin, genellikle bitki Gretimini ve mahsul verimini etkileyen toprak nemindeki eksiklikle
ilgili olmasina bagh hidrolojik modeller yaygin olarak kullanilmaktadir. Yaygin olarak kullanilan tarimsal kuraklik
gostergeleri cogunlukla Toprak Nemi Yiizdesi (SMP) (Sheffield, Goteti, Wen, & Wood, 2004), Uriin Nem indeksi
(CMI) (Palmer, 1965), Toprak Nem Acigi indeksi (SMDI) (Narasimhan & Srinivasan, 2005), Normallestirilmis
Toprak Nemi (NSM) (Dutra, Viterbo, & Miranda, 2008) ve Standartlastiriimis Toprak Nem indeksi (SSI) (Hao,
AghaKouchak, Nakhjiri, & Farahmand, 2014). Tarimsal kuraklik genellikle dnceki yagis eksikligi ve/veya artan
sicakhk nedeniyle acik toprak yizeyi ve bitkiden artan evapotranspirasyondan kaynaklanmasina bagli olarak
sicaklik ve evapotranspirasyonun kullanildigi Standartlastiriimis Yagis Evapotranspirasyon indisi (SPEI) (Vicente-
Serrano, Begueria, & Lopez-Moreno, 2010) ve Kesif Kuraklik indisi (RDI) (Tsakiris, Pangalou, & Vangelis, 2007)
kullanilir.

Literatiirde farkh galismalarda tarimsal kuraklk ve tarimsal kurakhgin bugday Gretimi verim degisimi
izerine olan etkilerin incelendigi cesitli calismalar mevcuttur. Kesif Kuraklik indisi (RDI) ile kurakligin bugday
verimi Uzerindeki etkilerinin degerlendirildigi Yunanistan’a ait iki kirsal alanda kuraklik ile bugday verimi arasinda
yiksek oranda korelasyon iliskisi belirlenmistir (Tigkas & Tsakiris, 2015). Standartlastinimis Yagis
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Evapotranspirasyon indeksi (SPEI) indisinin kullanildigi 1961-2014 yillari arasindaki calismada yiiksek sicakliklar
ve kurakhgin bugday, soya fasulyesi ve misirda verim degerlerinde azalmalar tespit edilmistir (Matiu, Ankerst, &
Menzel, 2017). lIspanya’da kurakligin bugday ve arpa (zerindeki etkisinin Standartlastiriimis Yagis
Evapotranspirasyon indeksi (SPEI) ve gesitli kuraklik ydntemleri ile degerlendirmesinde yilin farkli dénemlerinde
kuraklik siddetine goére vyiksek korelasyon iliskisi ortaya koyulmustur (Pefa-Gallardo, Vicente-Serrano,
Dominguez-Castro, & Begueria, 2019). Shaanxi ve Henan kentleri kishk bugday ve kurakligin etkilesimi incelenen
¢alismada kislik bugdayin 6zellikle tane doldurma agamalarinda su stresine daha hassas oldugu ve daha fazla suya
ihtiyac duydugu belirlenmistir (Huang, et al., 2020). Kesif Kuraklik indisi (RDI), Standartlastirilmis Yagis indisi (SPI)
ve Standartlastiriimis Yagis Evapotranspirasyon indeksi (SPEI) ydntemleri ile kishk bugday verimi arasindaki
iliskinin incelendigi calismada cesitli iklim kosullarinda yiiksek korelasyon degerleri belirlenmistir (Zarei, Shabani,
& Moghimi, 2021). Almanya ve ispanya’da toprak nemi ile tahil verimi icin yapilan ¢alismada ispanya’da %30
oraninda verim azalmasi ve Almanya’da pozitif tarimsal kuraklik egilimleri ile tahil Girlinlerinde %5 verim diistsleri
tespit edilmistir (Benito-Verdugo, et al., 2023). Standartlastirilmis Yagis Evapotranspirasyon indeksi (SPEI) ve
Standartlastirilmis Toprak Nem indeksi (SSI), biiyiik 6lcekli iklimsel salinimlar ve bélgesel hidro-meteorolojik
degiskenler dahil edilerek yapilan ¢alismada Hindistan’da tarimsal kuraklik egiliminin arttig1 belirlenmistir (Das,
Das, & Umamahesh, 2023). Cin’de 2001’den 2020’ye kadar olan slirecte hem sulanan hem de yagmurla beslenen
tarim sistemlerinde tarimsal kurakligin degerlendirilmesinde Standartlastirilmis Yagis Evapotranspirasyon indeksi
(SPEI) 1,3, 6 ve 12 ayliklarda anlamli korelasyon degerleri mevcuttur (Chen, et al., 2024).

Turkiye'nin yari kurak iklim 6zelligine sahip Akdeniz iklim kusaginda bulunmasi ve atmosferik dolasim,
iklim kosullarina, fiziki cografya faktérlerine de bagli olarak lilke genelinde kuraklik olaylari ¢ok sik yasanmaktadir.
Yagisin yaklasik %67’si kis ve ilkbahar yagislari seklinde iken Ulkenin orta ve glineydogu bolgelerinin ¢ogu yari
kurak iklim 6zelliklerine sahiptir (Aktlrk, Zeybekoglu, & Yildiz, 2022). Yer sekilleri, engebe 6zellikleri gibi faktorlere
bagl olarak yari kurak iklim kusaginda bulunan Kiziirmak Havzasi, calisma alani olarak segilmis ve meteorolojik
kurakhklarin zaman icindeki dagilimi ve 6zellikleri ayni zamanda tarimsal kuraklik iliskisinin belirlenmesi igin
bugday verimi ile korelasyon degerleri olusturulmustur. Turkiye’de yapilan tarimsal kuraklik ve tahil Griinlerine
ait calismalar son dénemde yayginlik kazanmistir. Cografi bolgelere gére yapilan ¢alismada i¢c Anadolu ve Akdeniz
bolgelerinde yaz mevsiminde yasanan tarimsal kuraklik korelasyon degerlerinin yiksek oldugu yaz kurakhklarini
sonbahar ile ilkbahar kurakliklarini takip ettigine ulasiimistir (Sorman, Mehr, & Hadi, 2018). Tirkiye'nin en biyik
havzalarindan biri olan Kizilirmak Havzasi'nda 1973-2013 yillari arasindaki kurakliklar, Standart Yagis indisi (SPI)
yontemi kullanilarak farkli zaman 6lgeklerinde incelenmis ve uzun sireli kurakliklarin son yillarda belirgin sekilde
arttigi tespit edilmistir (Arslan, Bilgil, & Veske, 2016). Yukari Kizihrmak Havzasi’nda Kiziirmak Nehri’nin tarimsal
sulama amacli kullanim ozellikleri Wilcox ve ABD tuzluluk diyagramlarina gore incelenmis, suyun kimyasal
ozelliklerine etki eden cografi faktorler degerlendirilmis ve suyun artan tuzluluk ve yaz kurakligi nedeniyle sulama
icin sinirl uygunluk tasidig tespit edilmistir (Kog, Dogru, & Han, 2018). Standartlastirilmis Yagis indisi (SPI) zaman
serilerinin kullanilmasiyla, 1960-2017 ¢alisma déneminin 31 yilinin degisen siddetlerde kurakliktan etkilendigi ve
Kizilirmak nehir havzasinin yaygin kuraklklarin etkisi altinda oldugunu ortaya koymustur (Aktiirk, Zeybekoglu, &
Yildiz, 2022). Kizihrmak Havzasi’'ndaki barajlarin buharlasma kayiplari ve artan su talebi nedeniyle su kaynaklari
Gzerindeki etkileri su bitcesi metodu ile analiz edilmis ve 6zellikle kurak iklim kosullarina sahip Delice alt
havzasinda sirdirilebilir su yonetimi icin optimizasyon gerekliligi vurgulanmistir (Can & Yilmaz, 2023). Kizihirmak
Havzasi'nin kurakhk hassasiyeti, su bitgesi ve iklim degisikliginin etkileri analiz edilerek, sektorlerin kurakhk
kosullarindan etkilenebilirligi degerlendirilmis ve entegre havza yonetimi yaklasimiyla strdirdlebilir su kullanimi
ve kurakligin etkilerini azaltmayi hedefleyen bir eylem plani olusturulmustur (T. C. Tarim ve Orman Bakanligi Su
Yonetimi Genel Midurlugi, 2023). Yapilan bir ¢alismada farkl tarihlerde farkli cografik alanlarda yasanmis
kurakhk ve sicak hava dalgasi afetlerinden 6rnekler ile bu afet tiplerinin tarimsal lGretime etkileri ve etkilerin
birbiriyle olan iliskilerinin ortaya konulmustur (Yilmaz, 2023). Konya Bolgesinde iklim degisikliginin bugday ve
yonca Uretimi lizerine etkilerinin incelenmesinde 2 °C'lik sicaklk artisinin yonca, 4 °C'lik sicakhk artisinin bugday
Uretiminde zorluklara neden olacagi belirtilmistir (Akansu & Kizildeniz, 2024). Standartlastiriimis Yagis indisi (SPI),
Degistirilmis China-Z indisi (MCZIl), China-Z indisi (CZI) ve Z-Degeri indisi (ZSI) dort farkli endeksin sonuglarina
gore, havza en uzun ve en siddetli kuraklik dénemlerini agirlikli olarak 2000'li yillarda yasamistir (Akturk,
Citakoglu, Demir, & Beden , 2024). Kizihrmak, Yesilirmak ve Sakarya havzalarinda hidrolojik kurakhgin
belirlenmesine yonelik yapilan calismada 1, 3, 6 ve 12 aylik normal kuraklik degerleri gézlenmistir (Kartal &
Emiroglu, 2024). Bir diger calismada Kizilirmak Havzasi'ndaki meteoroloji ve DSI istasyonlarindan elde edilen
sicakhk, yagis, buharlasma ve akim verilerinin uzun yillara dayali zaman serilerindeki degisimleri Mann-Kendall ve
Spearman Rho trend analizleriyle incelenmis ve 6zellikle sicaklik artislarinin istatistiksel olarak anlamli oldugu
tespit edilmistir (Kartal, Gdzalan, & Oztekinci, 2024).Kizilirmak Havzasi igin yapilan Standartlastiriimis Yagis indisi
(SPI) kuraklik indisinde kurak donemlerin nemli dénemlere gére daha fazla tekrarlandigi gérilmistir (Robleh,
Yuce, & Deger, 2024). Yukari Kizilirmak Havzasi icin Standartlastirilmis Yagis indisi (SP1) serilerinden faydalanilarak
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yakin gelecek icin yapilan kuraklk tahminlerinde 2100 yilina kadar kuraklik olaylarinin sayisi ve siddeti ile kurak
doénemlerin siresinin artacagi ongorilmastir (Selguk, Selcuk, & Cebeci, 2024).

Bu calismada; meteorolojik kurakligin tarimsal kurakliga etkisinin alansal-zamansal degisimi
arastirnilmistir. Gegmis ¢alismalarin dogrultusunda, Uretim potansiyeli ve stratejik dnemi dikkate alindiginda ve
kisa vadede iklim degisikligi ve buna bagli olarak da kuraklik etkisinin yiiksek olmasi beklenen Kizilirmak Havzasi
bu arastirmada calisma alani olarak segilmistir. Ayrica havzanin bulundugu alanin tarimsal lretim igin uygun
alanlardan olusmasi ve dUretiminin yapilmasi havzanin Ozellikle tarimsal kurakhiga olan hassasiyetini
arttirmaktadir. Tarimsal Urin olarak stratejik ve ekonomik acgidan son derece 6nemli olan bugday bitkisi
secilmistir. Meteorolojik kurakligin belirlenmesi asamasinda, yagis miktari ve potansiyel evapotranspirasyonu
(PET) dikkate alarak ve su agigina bagh olasilik dagilim fonksiyonu uygulayan SPEI indisi kullanilmistir (Tegos,
Stefanidis, Cody, & Koutsoyiannis, 2023). SPEI riizgarin etkili oldugu, bitki ortiisiniin ¢ok oldugu ve buna bagl
yiiksek evapotranspirasyon olabilecek bélgelerde tercih edilebilir (Ozelkan, 2022)) ve ¢alisma alani Kizilirmak
Havzasi buna benzer bir yapidadir. SPEI bugday gibi Uriinlerin gelisim dénemleri boyunca yaganan su agigi ve
bunun verim tzerindeki etkilerini agiklayabilmeye olanak tanimaktadir (Shi, Yang, Ding, Chen, & Shi, 2023; Tegos,
Stefanidis, Cody, & Koutsoyiannis, 2023). Sonug olarak, bu calismada bugday verimine etki eden meteorolojik
kurakhgin belirlenmesinde SPEI indisi tercih edilmis, Kizilirmak Havzasi’na ait kuraklik ile bugday verimi degerleri
arasindaki iliskinin alansal-zamansal degisimi incelenmis ve sonuglar sosyo-ekonomik boyutlari ile ortaya
konulmustur.

MATERYAL VE METOT

Calisma Alani

Kizihrmak Havzasi 37°56’-41°44’ kuzey enlemleri ile 32°48’-38°24’ dogu boylamlari arasinda yer
almaktadir. Kizirmak 1.151 km’lik uzunlugunda olup 82.182 km? ‘lik havza alanina sahiptir (Sekil 1). Kizihrmak,
Sivas-imrali cevresinden dogar; sirasiyla Kayseri, Nevsehir, Aksaray, Kirsehir, Ankara, Kirikkale, Cankiri, Corum,
Sinop ve Samsun illerinden gegerek Bafra Ovasi’ndan Karadeniz’e dékiiliir. Ayrica Kiziirmak Havzasi i¢ Anadolu
Bolgesi'nin dogu boliminde yer almakta olup Karadeniz, Dogu Anadolu ve Akdeniz Bolgelerinin bir kismini
kapsamaktadir. Havza igerisindeki alt bolgeler ise Asagi Kizilirmak, Orta Kizilirmak, Yukari Kizilirmak, Delice, Seyfe,
Tuzla ve Develi havzalaridir. Havzanin topografik 6zellikleri ve bu 6zelliklere bagh iklimsel farkhliklar mevcuttur
(T. C. Tarim ve Orman Bakanlgi Su Yonetimi Genel Miidurligl, 2023). Havzanin en engebeli bolgesi olan Yukari
Kizihrmak, kuzeyden ve giineyden daghk alanlarla sinirlanmistir (Sagdic & Kog, 2012). Cayir ve platolarin
bulundugu Orta Kizilirmak béliumu volkanik kdkenli daglar ve genis ova tepeleriyle farklilik gdstermektedir. Asagl
Kiziirmak boliminde ise bati kesimde bulunan Kuzey Anadolu ve Kiire daglari Bati Karadeniz Havzasi ile sinir
olusturmaktadir (Aktlrk, Citakoglu, Demir, & Beden , 2024). Ayni zamanda Karadeniz’den gelen nemli hava
kitlelerine karsi bariyer etkisi yaparak Karadeniz iklim 6zelliklerine sebep olmaktadir. Asagi Kizilirmak bolgesi
disinda kalan alanlarda karasal iklim 6zellikleri hakimdir (Can & Yilmaz, 2023). Karadeniz iklim 6zelliklerinde kislar
ihk, yazlar serin ve her mevsim yagislidir. Ginlik ve yillik sicakhk farklari nemliligin yliksek olmasi sonucu azdir.
Karasal iklim 6zelliklerinde ise kiglar soguk genellikle kar yagisli, yazlar sicak ve kuraktir. Havzaya ait 1991-2022
yillari arasi ortalama yillik toplam yagis degeri 425,65 mm, yillik ortalama sicaklk degeri ise 11,18°C’dir. Bitki
ortlisu 6zellikleri tarim arazileri, verimli orman arazileri ve tahrip edilmis orman arazileri genis alan kaplamaktadir
(Aktlrk, Citakoglu, Demir, & Beden , 2024). Havzada en ¢ok Uretilen tarim Grlinleri arasinda tahillar, sekerpancari,
patates, kavun, karpuz ve baklagiller yer alir (Aktiirk, Citakoglu, Demir, & Beden , 2024).
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Sekil 1. Calisma alanin yikseklik haritasi ve meteoroloji istasyonlarinin dagilimi.
Materyal

T.C. Cevre, Sehircilik ve iklim Degisikligi Bakanligi Meteoroloji Genel Midiirligi tarafindan temin edilen
Kiziirmak Havzasi'ndaki 23 meteoroloji gézlem istasyonunda (Cizelge 1), 1991-2022 yillari arasinda olgilen aylik
toplam yagis verileri ile aylik maksimum, minimum ve ortalama sicaklik verileri, SPEI kuraklik indislerinin
hesaplanmasinda kullanilmistir. Bu dénemin segilmesinin temel nedeni, 1991-2022 yillari arasindaki gézlem
siiresi boyunca tiim istasyonlarda yapilan 6lgtimlerde eksik veri bulunmamasidir. Meteorolojik kurakligin bugday
verimiyle iliskisini degerlendirmek amaciyla, havza igindeki istasyonlara ait 1991-2022 vyillari arasindaki yilhk
bugday verim degerleri kullaniimistir.
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Cizelge 1. Kizilirmak Havzasi’nda kullanilan istasyonlar ve enlem, boylam ylikselti 6zellikleri.

istasyon No istasyon Adi Enlem Boylam (Dogu) Yikselti (m)
(Kuzey)
17622 BAFRA 41,55 35,92 103
17652 OSMANCIK 40,98 34,80 419
17074 KASTAMONU 41,37 33,78 800
17650 TOSYA 41,01 34,04 870
17836 DEVELI 38,37 35,48 1204
17196 KAYSERI 38,69 35,50 1094
17802 KAYSERI /PINARBASI 38,73 36,39 1542
17840 SARIZ 38,48 36,50 1599
17837 TOMARZA 38,45 35,79 1402
17135 KIRIKKALE 39,84 33,52 751
17732 CICEKDAGI 39,61 34,42 900
17756 KAMAN 39,37 33,71 1075
17160 KIRSEHIR 39,16 34,16 1007
17648 ILGAZ 40,92 33,63 885
17080 CANKIRI 40,61 33,61 755
17030 SAMSUN BOLGE 41,34 36,26 4
17193 NEVSEHIR 38,62 34,70 1260
17835 URGUP 38,62 34,91 1068
17760 BOGAZLIYAN 39,19 35,25 1070
17140 YOZGAT 39,82 34,82 1301
17162 GEMEREK 39,19 36,08 1182
17090 SIVAS 39,74 37,00 1294
17716 ZARA 39,89 37,75 1338
Yontem

Standartlastiriimis yagis Evapotranspirasyon indisi (SPEI) yagis ve sicaklik verilerine dayanarak sicaklik
degiskenliginin kuraklik degerlendirmeleri Gzerindeki etkisini icermesi nedeniyle avantajlidir (Vicente-Serrano,
Begueria, & Lopez-Moreno, 2010). Matematiksel olarak Standartlastiriimis Yagis indisi’'ne (SPI) benzer olsa da
sicakhgin roliint de icermektedir. SPEI hesaplanirken yagis ve potansiyel evapotranspirasyon (PET) arasindaki fark
iklimsel su dengesi ya da su a¢igi olarak ifade edilmektedir (Miro, Estrela, Corell, Gomez, & Luna, 2023). PET,
verilere bagl olarak Thornthwaite, Hargreaves ve Penman-Monteith yontemleri dahil olmak tzere g farkli
sekilde hesaplanabilmektedir (Anderson & French, 2019). Bu ¢alismada Hargreaves yéntemi kullaniimis olup, bu
yontem genellikle verilerin az oldugu durumlarda PET’i hesaba katmada daha basarili sonuglar vermektedir
(Qaisrani, Nuthammachot, & Techato, 2021). Hargreaves PET hesaplama yontemi Esitlik 1'de verilmistir.

PET = cH - 0,408 Ro - (T — 17,8)vTmax — Tmin (1)
Yukaridaki formilde cH 0,0023 degerinde Hargreaves katsayisidir, buharlasmanin gizli 1s1 akisinin tersi 20 °C ‘de
0.408 sabit degerini verir, Ro glines radyasyonunu gosterir ve ortalama sicaklik T olarak verilir (Qaisrani,
Nuthammachot, & Techato, 2021). Su agig1 herhangi bir ay icin “i” olarak hesaplanir (Esitlik 2-3):

W =./-2In(P) iginP <0,5 (2)
p=1-f(x) (3)
Burada (Esitlik 4):
B _1

@ =[1+(¢-y) ] @)

Asagidaki formilde bir D serisi ve log-logistik dagilim icin olasilik fonksiyonu Esitlik 5 ile hesaplanabilir:

_n\B-1 A2

=52 1+ (] )

Burada a, B vey, y > D < e igin sirasiyla 6lgek, sekil ve orijini gdstermektedir. Ayrica, Esitlik 5'teki sabitler asagidaki
gibi degerlere sahiptir (Tirivarombo, Osupile, & Eliasson, 2018):

Co=2.515517, C; = 0.802853, C, = 0.010328, d; =1.432788, d, = 0.189269, ve d3 = 0.001308.

SPEl indisinde kuraklik siddeti icin kullanilan sinif araliklari asagida Cizelge 2’de gosterilmistir:
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Cizelge 2. SPEI indisleri kuraklik siniflari (Zarei, Shabani, & Moghimi, 2021).

SPEI Kuraklik Siniflari
22,0 Asirt Nemli
1,5ile 1,99 Siddetli Nemli
1,0ile 1,49 Orta Nemli

0,99 ile -0,99 Normal

-1,00ile -1,49 Orta Kurak
-1,50ile -1,99 Siddetli Kurak
<-2,00 Asir Kurak

Bu calismada kurakhk ve bugday verim degerleri arasindaki iliskiyi degerlendirmek igin Pearson
korelasyon katsayisi (r) kullaniimistir. Korelasyon katsayisi, -1 ile +1 arasinda deger alir ve iligkinin hem yonini
hem de gliclinii tanimlar (Field, 2013; Gravetter & Wallnau, 2013). Bu baglamda, pozitif bir r degeri daha distk
kurakhk seviyelerinin daha yuksek verimle iliskili oldugunu gosterirken, negatif bir r degeri kurakligin verim
Gzerinde olumsuz bir etkisi oldugunu ifade eder. Korelasyon degerlerinin diizeyleri belirlenirken Cizelge 3’teki
degerler esas alinmistir.

Cizelge 3. Korelasyon degerleri iliski diizeyleri (Ers6z & Ersoz , 2022)

Korelasyon Araligi iligki Diizeyi
(-0,25)-0,00 ve 0,00-0,25 Cok Zayif
(-0,49)-(-0,26) ve 0,26-0,49 Zayif
(-0,69)-(-0,50) ve 0,50-0,69 Orta
(-0,89)-(-0,70) ve 0,70-0,89 Yuksek
(-1,00)-(-0,90) ve 0,90-1,00 Cok Yuksek

BULGULAR VE TARTISMA

Kizihrmak Havzasi Yagis ve Sicaklik Degerlendirmesi

Galisma alani yari kurak iklim 6zelliklerine sahiptir. Havzaya ait 1991-2022 yillari ortalama toplam yagis
degerleri disiik olup genele olarak dalgalanmalar mevcuttur (Sekil 2). Havzaya ait 1991-2022 yillari arasi ortalama
yagis degeri 425,65 mm ve ortalama sicaklik degeri 25,23 °C’dir. Havzaya ait ortalama yagis degerlerinde en
yuksek yagis degeri 2009 yili 563,64 °C'dir (Sekil 2). En disik yagis degeri ise 2013 yili 303,48 °C’'dir (Sekil 2).
Havza icerisinde 1991-2022 vyillari arasinda yillik ortalama toplam yagis degerlerinde en yiiksek yagis Bafra
istasyonunda 739,62 mm’dir. Havzanin kuzeyinde kiyi kesiminde bulunan Bafra istasyonunda Orta Karadeniz’'de
ve denizel etkiye acik olmasiyla Karadeniz’den gelen nemli hava kutlelerine bagh yliksek yagis degerleri gérulir
(Sekil 1). En disuk yagis degeri ic kesimindeki Bogazliyan istasyonunda 339,97 mm olarak belirlenmistir.
Bogazliyan istasyonu etrafinin yiiksek daglik alanlar ile ¢evrili olmasi ve denizel etkisinin zayif olmasina baglh havza
icerisindeki en dislik yagisa sahip istasyondur (Sekil 1). 1991-2022 yillari arasinda en yiiksek ortalama sicaklik
degeri 2010 yilinda 27,32°C'dir (Sekil 2). En disik sicaklik degeri ise 17,71°C’dir. Havzada bulunan istasyonlar
arasinda ortalamadan yiksek yillik sicaklik degeri batidaki Kirikkale istasyonunda 30,96°C’dir. Havzanin
guneydogusundaki Kayseri/Pinarbasi istasyonu ise 21,21°C ile en disik yillik ortalama sicakhgina sahiptir.
Havzaya ait 1991-2022 vyillari arasi ortalama PET degeri 132,89 mm’dir. En ylksek ortalama PET degeri 2010
yilinda 139,32 mm’dir (Sekil 2). En disik ortalama PET 2022 yilinda 95,89 mm olarak belirlenmistir (Sekil 2).
Gorilen en yilksek ortalama sicaklik degerleri ile benzer sekilde calisma alaninin batisindaki Kirikkale
istasyonunda ortalama en yliksek PET 155,08 mm’dir. En disik ortalama PET degeri de ortalama duslik sicakliklar
ile uyumlu sekilde havzanin glineydogusundaki Kayseri/Pinarbasi istasyonunda 116,50 mm’dir.
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Sekil 2. Kizilirmak Havzasi 1991-2022 yillari arasi ortalama yagis, sicaklik ve PET degerleri.

Kizihrmak Havzasi Bugday Uretimi ve Verim Degerlerinin Degerlendirilmesi

Kizilirmak Havzasi’'nda 1991-2022 vyillari arasinda ortalama bugday dretim degeri 132.716 tondur.
istasyonlara gore, ortalamadan diisiik Giretim degerleri, calisma alaninin kiyi kesimine yakin olan ve batida
engebenin fazla oldugu Kastamonu, Tosya ve llgaz istasyonlarinda gorilmektedir (Sekil 3). 1991-2022 yillarina ait
ortalama verim degeri 198,59 kg/da olarak belirlenmistir. Bugday verim degerlerinde, ortalamadan dusuk
degerler calisma alanin dogu kesimindeki engebeli ve karasal iklim kosullarina sahip Zara istasyonunda 156,9
kg/da olarak kaydedilmistir (Sekil 3). Havzaya ait istasyonlardaki Gretim degerlerinin degisiminde, genel olarak
Uretim artislarinin verim artislarina neden oldugu goériilmektedir (Sekil 3). Bu durumdan farkh olarak, kuzey
kesimde kiyida bulunan Bafra istasyonunda, 54.645 tonluk disiik Gretim degerlerine ragmen ortalama 324,09
kg/da yuksek verim dikkat cekmektedir (Sekil 3). Bu durum Bafra istasyonunun galisma alanin kuzeyindeki kiyi
kesimde, verimli alivyal ovada yer almasiyla iliskilendirilebilmektedir. Yillara gore iiretim ve verim degerlerinin
degisimi incelendiginde, 2019-2021 yillari arasinda diisiik verim degerleri gézlenmistir. Uretim degerlerinde en
diisiik Uretim 1994 yilinda, en yiiksek Uretim ise 2022 yilinda gerceklesmistir. Ozellikle 2019 yilinda Covid-19
pandemisiyle baslayan gida krizine bagh olarak, 2019’dan 2021’e kadar verim degerlerinde azalma
gozlemlenmistir (Gokmen, 2023). 2022 yilinda, Rusya-Ukrayna savasina bagh olarak olusabilecek Ulke igi
olumsuzluklari dnlemek amaciyla bugday ihracatina ara verilmistir.
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Sekil 3. Kizilirmak Havzasi bugday uretim ve verim degerlerinin mekansal ve zamansal degisimi (a: Havzaya ait
istasyonlarin 1991-2022 yillari arasi ortalama Uretim ve verim degerleri, b: Havzanin yillik ortalama Gretim ve
bugday verim degerlerinin zamansal degisimi gosterilmistir).

Kizilhrmak Havzasi Kuraklik Degerlendirmesi

Havza igerisinde bulunan 23 meteoroloji istasyonuna ait aylik ortalama sicaklik ve aylik ortalama minimum
ve maksimum yagis degerlerinden faydalanarak SPEI kuraklik indisleri uygulanmistir. SPEl'ya ait 1, 3, 6, 9 ve 12
aylik dénemler seklinde kuraklik siddeti hesaplanmistir. indis dénemlerine ait en yiiksek kuraklik siddetinin
goruldiagi ay ve kurakhigin en fazla tekrarladigi yillar belirlenmistir. 1 aylik indislerde asiri kurak kosullar 2014,3
ayhklarda 2008 6 ve 9 ayliklarda 1994, 12 ayliklarda 2016 yillarinda asiri kurak degerler belirlenmistir (Cizelge 4).

SPEI 1 ayhklarda asiri kurak degerler -1,92 ile -4,54 arasinda degismektedir (Cizelge 4). En yiksek asiri
kurak deger havzanin kuzeyinde ve denizel iklim etkisine agik Osmancik istasyonunda -4,54 ile 2014 yilinin Ocak
ayina aittir (Sekil 4). Kurakligin zamansal degisiminde, 2014 yili Ocak ayi icin en siddetli kurakhgin gorilduga
doénem olurken, asirt nemli kosullar 2000 yilinda 2,61 degeriyle kaydedilmistir (Sekil 5). 2012 yilinda 6zellikle
Kiziirmak Havzasi’nin da icerisinde yer aldigi karasal i¢ Anadolu ve Dogu Anadolu bélgelerinin bazi bélimlerinde
etkili olan meteorolojik kurakliklar yaz kurakligi ile birleserek 2013 yilinda tiim Turkiye’de etkili olmustur (Selguk,
Selguk, & Cebeci, 2024; Tirkes, 2020). 2013 yilinda tiim Tirkiye genelinde etkili olan siddetli kuraklik, 2014 yilinda
etkisini artirmistir. 2014 yilindaki siddetli kuraklhk Tirkiye lizerinde etkili olan atmosferik kosullardan Kuzey
Atlantik Salinimi (NAO) ve Akdeniz hava modellerinin degisimi ile iliskilidir (Soylu Pekpostalci, et al., 2023). Bati
Avrupa lzerinde etkili olan Azor Yiiksek Basinci’nin Tirkiye’ye dogru genislemesi, yagish hava kiitlelerinin gegisini
engellemistir (Tarkes, 2020; Soylu Pekpostalci, et al., 2023). Ayni zamanda 2014 yilinda Sibirya Yiksek Basinci
Turkiye’nin dogusuna kadar etkili olarak soguk ve kuru havanin genis alanlara hakim olmasina neden olmustur
(Turkes, 2020; Soylu Pekpostalci, et al., 2023). Bu donemde 6zellikle kis yagislarinin azalmasi ve kar yagislarinin
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yetersizligi, Dogu Anadolu ve i¢ Anadolu bélgelerinde 2012 yilinda baslayan kurakligin etkisinin 2014 yilinda daha
da siddetlenmesine sebep olmustur.

3 aylik indislerde asiri kurak degerler -2,24 ile -3,02 arasinda degismektedir (Cizelge 4). En yliksek asir
kurak deger, 2008 yili Mayis ayinda havzanin glineyinde karasal iklimin gorildiigii Nevsehir istasyonunda yliksek
oldugu kaydedilmistir (Sekil 4). Kurakhigin zamansal degisiminde, 2008 yili artan sicakliklar ve azalan yagislarin
etkisiyle hem meteorolojik hem de tarimsal kurakligin ic Anadolu ve tiim Tiirkiye’de ciddi bir sorun olusturdugu
dénemdir (Simsek & Cakmak, 2010; Tiirkes, 2012; Oz Y., Ozelkan, & Tatli, 2024) (Sekil 4,5). Farkl ¢alismalarda da
2007-2008 yilinda meydana gelen ilkbahar kurakliklarinin yaz kurakliklari ile birlesmesinin, 3 ayliklarda artan
kurakhk siddetlerine karsilik geldigi belirtilmistir (Tath & Tirkes, 2008; Erlat & Giler, 2023). SPEI 3 ayliklarda asiri
nemli kosullar, 2,35 ile 2015 yilinda, 2008 yilindaki asiri kurak kosullara benzer sekilde, havzanin giineyindeki
karasal iklimin goruldigi Nevsehir istasyonunda kaydedilmistir (Sekil 5).

6 aylklarda asiri kurak degerler -2,31 ile -3,32 arasinda degismektedir (Cizelge 4). SPEl indisinde, 1994 yili
Eylll ayinda -3,32 degeri ile kiyi kesimde denizel etkinin géruldigi Samsun istasyonunda en yiksek asiri kurak
deger kaydedilmistir (Sekil 4). 1980’lerden sonra artan sicak hava dalgalarinin kurakliga etkisi, 6zellikle 1994
yilinda gorilen sicak hava dalgasiyla 6 aylik indislerde dikkat cekmektedir (Yildiz, 2014; Erlat, Tirkes, & Aydin-
Kandemir, 2021). SPEI 6 ayliklarda zamansal degisimde asiri nemli kosullar, yine kiyi kesimdeki Samsun
istasyonunda 2022 yilinda 2,76 olarak kaydedilmistir (Sekil 5).

9 ayliklarda asiri kurak degerler -2,17 ile -3,82 arasinda degismektedir (Cizelge 4). SPEl igin en yiksek asiri
kurak deger, 1994 yili Eylul ayinda -3,82 olarak Samsun istasyonunda kaydedilmistir (Sekil 4). SPEI 9 ayliklarda,
2022 yih havzanin guney kesimindeki karasal iklime sahip Kayseri istasyonunda 2,76 asiri nemlilik degeri
belirlenmistir (Sekil 5). 6 aylik indislerde oldugu gibi, 1994 yilindaki kurakhigin etkisi 9 ayliklarda da dikkat
cekmektedir (Sekil 4).

12 ayliklarda asiri kurak degerler -2,19 ile -2,84 arasinda degismektedir (Cizelge 4). Asiri kurak degerlerden
-2,84, 2016 yil Kasim ayinda havzanin gineyindeki karasal iklime sahip Nevsehir istasyonunda belirlenmistir
(Sekil 4). 2000’li yillardan itibaren daha sik yasanan sicak hava dalgalari gibi, 2016 yilinda da yasanan sicak hava
dalgasi ozellikle kis doneminde etkisini gostermistir. Kurakligin zamansal degisiminde, 2022 yili havzanin giiney
kesimindeki karasal iklime sahip Kayseri istasyonunda 2,65 nemlilik degeri kaydedilmistir (Sekil 5).

Cizelge 4. Kuraklik indislerine gore asiri kurak degerlerin belirlendigi yillar ve istasyonlar.

SPEI
AYLAR 1 3 6 9 12
OSMANCIK SIVAS NEVSEHIR CiCEKDAGI GEMEREK
OCAK 2014 -4,54 2001 -2,39 2021-2,69 2021 -2,40 2014 -2,47
TOMARZA BAFRA KIRSEHIR BOGAZLIYAN GEMEREK
SUBAT) 1995 -1,92 2014 -2,24 2021 -2,51 2017 -2,27 2014 -2,24
SIVAS BAFRA BAFRA SAMSUN KIRIKKALE
MART 2001 -2,39 2014 -2,97 2014 -2,61 2001 -2,17 2008 -2,06
KIRIKKALE DEVELI BAFRA BAFRA DEVELI
NiSAN 2016 -2,44 2014 -2,35 2014 -2,61 2014 -2,20 2014 -2,19
SARIZ NEVSEHIR SAMSUN BAFRA KIRIKKALE
MAYIS 2019-2,14 2008 -3,02 1994 -2,71 2014 -2,45 2008 -2,48
KAYSERI BOLGE SAMSUN SAMSUN BAFRA SAMSUN
HAZIRAN 2001 -2,39 1994 -2,76 1994 -2,92 2014 -2,66 1994 -2,19
SAMSUN SAMSUN SAMSUN GEMEREK SAMSUN
TEMMUZ 2000 -3,13 1994 -2,55 1994 -3,04 2014 -2,45 1994 -2,31
TOMARZA TOMARZA SAMSUN SAMSUN SAMSUN
AGUSTOS 1996 -2,81 1996 -2,81 1994 -2,73 1994 -2,83 1994 -2,38
SAMSUN DEVELI SAMSUN SAMSUN SAMSUN
EYLUL 2017 -3,02 2017 -2,70 1994 -3,32 1994 -3,82 1994 -2,77
KAYSERI/PINARBASI SAMSUN SAMSUN SAMSUN NEVSEHIR
EKiM 2004 -2,07 2017 -2,56 1994 -3,14 1994 -3,07 2016 -2,69
KAYSERI/PINARBASI TOMARZA BOGAZLIYAN NEVSEHIR NEVSEHIR
KASIM 2010-2,38 2020-2,53 2016 -2,83 2016 -2,74 2016 -2,84
DEVELI ILGAZ KAMAN BAFRA KAYSERI
ARALIK 2010-2,12 2020-2,31 2020-2,31 2020-2,30 2001 -2,46
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Sekil 4. Kizihrmak Havzasi asiri kurak degerlerin goruldigu istasyonlara ait aylar ve yillar (a: SPEI 1 Ocak 2014, b:
SPEI 3 Mayis 2008, c: SPEI 6 Eyltl 1994, d: SPEI 9 Eylul 1994, e: SPEI 12 Kasim 2016).
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Sekil 5. Kizilhrmak Havzasi'nda, kuraklik indis degerleri ile bugday verimi arasindaki iliskinin

ylksek oldugu istasyonlara ait dagilim grafikleri hazirlanmistir (a: SPEI 1 Kayseri/Bélge, Haziran; b: SPEI
3 Urgiip, Haziran; c: SPEI 6 Nevsehir, Ocak; d: SPEI 6 Osmancik, Mart; e: SPEI 9 Nevsehir, Subat; f: SPEI 12 Nevsehir, Haziran).

Verim ve Kuraklik Degerlendirmesi

Kizihrmak Havzasi’'nda, SPEI indis degerleri ile bugday verim degerleri arasindaki iliski belirlenmis ve
meteorolojik kurakligin verim degisiminde etkili oldugu ay ve donemler tespit edilmistir. Bu ay ve donemlere gore
olusturulan dagilim grafikleriyle, kuraklik degerlerinin verim degisimine etkisi sebepleriyle agiklanmistir.

Havzaya ait en distk verim degeri 2000 yilinda 54,15 kg/da’dir. En dusik verimin mevcut oldugu 2000
yili Havzaya ait en dlstik verim degeri, 2000 yilinda 54,15 kg/da olarak kaydedilmistir. En diistik verimin géruldugu
2000 yili, Turkiye’nin tamaminda etkili olan kuraklik siddetinin Kizilirmak Havzasi’'nda da hissedildigi bir dénemdir.
1999 yilinin ardindan 2000 yilinda da etkili olan kuraklik sirasinda, i¢ Anadolu’da yagis miktari 375 mm’ye kadar
dismistir (T. C. Tarim ve Orman Bakanligi Su Yonetimi Genel Madirliigi, 2023). SPEI 1 aylik degerlendirmelerde,
artan kuraklk siddetinde disuk verim degerleri gozlemlenmistir (Sekil 6). Ayni zamanda, verim degerlerinin
dagilim grafiginde normal kurak kosullar arasinda yogunlastigi gorulmektedir (Sekil 6). Havzanin
giuneydogusundaki engebeli ve karasal iklimin hdkim oldugu Kayseri/Bélge istasyonunda, SPEI 1 aylik indislerde
en yiksek korelasyon degeri r=0,51 olarak belirlenmistir. Haziran ayinda goriilen bu en yiliksek korelasyon
degerinde, siddetli kurak kosullarda (-1,24), 123,59 kg/da verim kaydedilmistir. En duslk verim degeri olan
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123,59 kg/da, 1993 yilina aittir. Turkiye’deki sicak hava dalgalarinin sikhgi, 1993 yilindan sonra ¢ok daha fazla artis
gostermistir. Bu degisimin sebebi, Pinatubo Volkanik Patlamasi’nin 36 aylik sogutma etkisinin 1991, 1992 ve 1993
yillarinda kesintiye ugramasidir (Erlat, Tlrkes, & Aydin-Kandemir, 2021) Ancak, 1993 yilindan sonra farkl
calismalarda, Turkiye’nin giiney, giineydogu ve i¢ Anadolu bélgelerinde artan kuraklik siddeti belirlenmistir (Erlat
& Giler , 2023). 1993 yilinda yasanan kuraklik, diisiik yagis miktari ve yiiksek sicakliklarla tarimi olumsuz
etkilemistir. Ozellikle ic Anadolu Bélgesi'nde etkili olan kuraklik, bugday iretimini énemli élgiide azaltmistir
(Demirdogen, Karapinar, & Ozertan, 2024). En yiksek verim degerinin 233,00 kg/da siddetli kurak dénemde (-
1,17) belirlenmistir. En ylUksek verim degeri, 233,00 kg/da olarak siddetli kurak bir dénemde (-1,17) belirlenmistir.
Bu en yiksek verim degeri, sicaklik ortalamasinin havza genelinde en diistik oldugu yil olan 2022 yilina aittir.

3 aylik kuraklik analizi ve verim degerlendirmelerinde en yiiksek korelasyon r= 0,65’tir. SPEI 3 ayliklarda goérilen
yiiksek korelasyon degeri havzanin giineyinde karasal iklimdeki Urgiip istasyonunda Haziran ayina aittir (Sekil 6).
Giiney kesimdeki Urgiip istasyonunda verimin diisiik oldugu dénemler kuraklik siddetinin arttigi dénemlere
karsilik gelmektedir (Sekil 6). En dusuik verim degeri 79,51 kg/da siddetli kurak deger (-1,72) ile 2008 yilina aittir.
Aralik 2006 yilindan Aralik 2008 yilina kadar devam eden kurakhgin etkisi diigiik verim degerleri ile dikkat
cekmektedir. Ozellikle bugday gelisim dénemlerinde yagisa ihtiyacinin fazla olmasi i¢ Anadolu Bélgesi'nde uzun
yillar normal yagis ortalamasindan %22 oraninda azalan yagis degerleri ile verimde disise neden olmaktadir (T.
C. Tarim ve Orman Bakanhgi Su Yonetimi Genel Mudurlugl, 2023). En yuksek verim degeri 279,14 kg/da siddetli
nemli (1,66) deger ile 2011 yilina karsilik gelmektedir.

6 aylik indislerde kuraklik ile verim arasindaki korelasyon degeri r=0,60 olup glineydeki Nevsehir

istasyonunda Ocak ayinda, kuzeydeki Osmancik istasyonunda ise Mart ayinda yiiksek oldugu belirlenmistir (Sekil
6). Gliney kesimdeki Nevsehir istasyonu ve kuzey kesimdeki Osmancik istasyonuna ait dagihm grafiklerinde kurak
doénemler dusik verim degerlerine karsilik gelmektedir. Karasal iklime sahip Nevsehir istasyonunda asiri kurak
degerde (-2,25) 2001 yilinda 155,96 kg/da verim degeri gorulir. Nevsehir istasyonunun en dislk verim degeri,
144,56 kg/da 2007 yilina aittir. 2007-2008 dénemi, Turkiye’de genis alanlari etkileyen en siddetli kurak donem
olarak ifade edilmektedir (Tiirkes, 2012; Oz Y., Ozelkan, & Tatli, 2024). Ozellikle 2001 sonrasindaki ddnemde genel
olarak normal sinir veya normalin altinda kalan yagislar 2007 yilinda, iilke genelinde siddetli bir kurak déneme
neden olmustur (Tath & Tirkes, 2008; Taskin, Somuncu, & Capar, 2022). En yiiksek verim ise normal kurakhk
degerinde (0,32) 272,33 ile 2011 yilindadir.
9 ayhk kuraklik verim korelasyon sonuglarinda r= 0,63 gliney kesimdeki Nevsehir istasyonu Subat ayina aittir (Sekil
6). Dagilim grafiginde gorildigi gibi, 9 aylik SPEI icin verim degerlerinin birbirine yakin sekilde dagildig
belirlenmistir. Asiri kurak (-1,62) kosullarda 260,91 kg/da verim degeri mevcuttur. 2007 yilindaki en dusik verim
degeri 149,14 kg/da normal kurak (-0,50) kosullarda gorulmektedir. 6 ayliklar ile benzer sekilde Tuirkiye’de siddetli
kurakhgin etkili oldugu 2007 yili 9 aylik indislerde de belirlenmistir. En yiiksek verim degeri ise 276,39 kg/da 2008
yilinda normal kuraklk degerlerinde (0,69) gorulur.

SPEI indisi icin en yilksek korelasyon r=0,65 havzanin gilineyindeki karasal iklime sahip Nevsehir
istasyonuna ait Haziran ayinda belirlenmistir (Sekil 6). Dagihm grafiginde siddetli kurak (-1,71) kosullarda 153,33
kg/da 2014 yilina aittir. istasyona ait en yiiksek verim degeri ise 2011 yilinda 272,33 kg/da normal kurak (0,91)
kosullardadir. 2012 yilinda Kizilirmak Havzasi ve gevresinde baslayan meteorolojik kuraklik, yaz kurakhg ile
birleserek 2013 yilinda tiim Tirkiye'yi etkisi altina almis ve 2014 yilinda etkisini daha da artirmistir. Bu durum
dagilim grafiginde siddetli kuraklik ile distk verim degerleri arasinda agik¢a gorilmektedir (Sekil 6).

SONUC VE ONERILER

Bu galisma, Kiziirmak Havzasi’'nda bulunan 23 meteoroloji istasyonuna ait aylik ortalama sicaklik ve ayhk
minimum ile maksimum yagis degerlerinden yararlanilarak SPEI kuraklik indislerinin 1, 3, 6, 9 ve 12 aylik dénemler
icin hesaplanmasini ve bu dénemlere ait kuraklik siddetinin incelenmesini kapsamaktadir. Aragtirma, 1991-2022
yillari arasinda bugday verim degerleri ile kuraklik indis degerleri arasindaki iliskinin degerlendirilmesine
odaklanmistir. SPEI sonugclarina gore kuraklik siddetinin ve bugday verimindeki degisimlerin belirgin oldugu
doénemler tespit edilmistir.

Kisa donemli kurakliklar (1 ve 3 aylik indisler), havzanin farkh bolgelerinde cesitli etkiler yaratmaktadir.
istasyonlarin havza icerisindeki konumlari, denizellik ve karasallik etkisine bagh olarak yagis dénemlerini ve
kuraklik siddetini farkhlastirmaktadir. Ornegin, 2014 yili Ocak ayinda asiri kurak degerler, havzanin kuzeyindeki
kiyr kesimde bulunan Osmancik istasyonunda kaydedilmistir. Uzun donemli kurakliklar (6, 9 ve 12 aylik indisler),
Ozellikle 1994 ve 2016 yillarinda Eyliil ile Kasim aylarinda belirginlesmistir. Bu kuraklklar, kiyr kesimdeki Samsun
ve havzanin glineyindeki Nevsehir istasyonlarinda asiri kurak degerlerle dikkat cekmistir. Kuraklik siddetindeki bu
artisin, Azor Yuksek Basinci, Sibirya Yiksek Basinci ve Kuzey Atlantik Salinimi gibi atmosferik kosullarin etkisiyle
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ortaya ciktigi belirlenmistir. Ayrica, 2000’li yillardan itibaren siklasan sicak hava dalgalari, kuraklik kosullarini daha
da agirlastirmistir.

Bugday verim degerleri ile kisa donemli (1-3 aylik) kuraklik siddeti arasindaki iliski incelendiginde, r
degerlerinin 0,51 ile 0,65 arasinda degistigi gorilmustir. SPEI indisinde en yiiksek iliski 1993 ve2018 yillarinin
Haziran ayinda havzanin giineyinde karasal iklim kosullarindaki Kayseri ve Urgiip istasyonlarinda belirlenmistir.
Karasal iklimin etkili oldugu bu bolgelerde yaz kurakhginin, bugday veriminde ciddi diistslere neden oldugu dikkat
cekmistir. ilkbahar déneminde yagislarin azalmasi ve yaz kurakligi ile birlesmesi, kuraklik siddetinin artmasina
baglh olarak bugday verimini 6nemli 6l¢lide etkilemistir.

Uzun donemli (6, 9, 12 ayliklar) kuraklklar ile bugday verim degerleri arasindaki iliskinin incelendigi
sonuglarda r degerlerinin 0,60 ile 0,65 arasinda oldugu tespit edilmistir. u dénemde, 6zellikle 2007-2014 yillarinda
Ocak, Subat ve Haziran aylarinda, havzanin giineyindeki Nevsehir istasyonunda yiksek iliski mevcuttur. Kuraklk
siddetinin artisi, i¢ Anadolu Bélgesi gibi bugday tariminin yogun yapildigi alanlarda, bitkinin kritik su ihtiyacinin
oldugu gelisim doneminde verimde ciddi kayiplara yol agmistir. Calisma, kurakhk kosullari ile verim arasindaki
iliskilerin zamanla degistigini ve kuraklik siddetinin arttigi dénemlerde bugday Uretiminde 6nemli dususler
yasandigini ortaya koymustur.

Sonug olarak, Kizilirmak Havzasi'nda kuraklik ve bugday verimi arasindaki iliski, iklimsel degisimlerin
tarimsal Gretim Uzerindeki etkisini gostermektedir. Saglam ve sirdurilebilir bugday Uretim sistemlerinin
olusturulmasi, iklim degisikligine karsi gida glivenligini saglamak, ekonomik istikrari korumak ve ¢evreyi muhafaza
etmek adina bir zorunluluk olarak karsimiza g¢ikmaktadir. Bu ¢alisma, iklim degisikliginin bugday Uretimi
Uzerindeki karmasik etkilerini inceleyerek, bu stratejik Grtintin iklime ve meteorolojik kurakliga olan hassasiyetini
gozler 6niline sermektedir.

Cikar Catismasi Beyani: Makale yazarlari aralarinda herhangi bir ¢ikar catismasi olmadigini beyan ederler.

Arastirmacilarin Katki Orani Beyan Ozeti: Fatma Yaman Oz: analiz; arastirma; veri diizenleme; gérsellestirme,
yazi-orijinal taslak; Emre Ozelkan: teorik arka plan, organizasyon, gdzden gegirme ve diizenleme, siipervizyon.
Kirsad Demirel: inceleme ve organizasyon, denetim; Hasan Tatli: veri toplama, inceleme ve organizasyon,
denetim.
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oz

Bu ¢alisma, 1992-2020 donemi yillik verileri kullanarak E-7 Ulke grubunda (Brezilya, Cin, Hindistan,
Endonezya, Meksika, Rusya ve Turkiye) tarim, sanayi ve ekonomik biylimenin gevresel bozulma Uzerindeki
etkilerini analiz etmektedir. Cevresel bozulmanin en 6nemli gostergelerinden biri olan karbon emisyonu
gostergesi kullaniimistir. Panel ARDL yontemiyle yapilan analiz sonucunda, ekonomik biyume, tarimsal katma
deger ve sanayi katma degerinin uzun donemde karbon emisyonu tzerinde istatistiksel olarak anlamh etkileri
oldugu belirlenmistir. Uzun donem analiz sonuglarina gore, tarimsal katma degerdeki %1’lik artis, karbon
emisyonunu %0.54 oraninda azaltirken; sanayi katma degerindeki %1’lik artis, karbon emisyonunu %1.55
oraninda artirmaktadir. Ayrica, ekonomik biyimede %1’lik artis, karbon emisyonunu %0.61 oraninda
artirmaktadir. Kisa dénem analiz sonuglarina goére, ekonomik biylime karbon emisyonunu anlamli sekilde
artirirken, tarimsal ve sanayi katma degerlerinin karbon emisyonu tzerindeki etkisi anlamli bulunmamistir. Bu
bulgular, politika yapicilar igin 6dnemli ipuglari sunmaktadir. Calismada, tarim sektériinde yenilenebilir enerji
kullanimi ve daha temiz Uretim tekniklerinin tesvik edilmesi gerektigi vurgulanmaktadir. Sanayi sektoriinde ise
yesil teknolojilere gecisin tesvik edilmesi, AR-GE faaliyetlerinin desteklenmesi ve karbon vergisi gibi diizenleyici
onlemler o6nerilmektedir. Bu politika o©nerileri, E-7 Ulkelerinde sirdirilebilir kalkinma ve cevresel
sirdardlebilirlik hedeflerine ulasmak icin Gnem arz etmektedir.

Anahtar kelimeler: Tarimsal katma deger, sanayi katma degeri, ekonomik biiyime, karbon emisyonu

Do Agriculture, Industry and Economic Growth Cause Environmental Degradation in E-7
Countries?

ABSTRACT

This study analyzes the effects of agriculture, industry, and economic growth on environmental
degradation in the E-7 country group (Brazil, China, India, Indonesia, Mexico, Russia and Turkey) using annual
data from the 1992-2020 period. Carbon emissions, one of the most significant indicators of environmental
degradation, were used as the key metric. The analysis, conducted using the Panel ARDL method, reveals that
economic growth, agricultural value-added, and industrial value-added have statistically significant long-term
effects on carbon emissions. According to the long-term results, a 1% increase in agricultural value-added
reduces carbon emissions by 0.54%, while a 1% increase in industrial value-added raises carbon emissions by
1.55%. Furthermore, a 1% increase in economic growth leads to a 0.61% increase in carbon emissions. In the
short-term analysis, economic growth significantly increases carbon emissions, while the effects of agricultural
and industrial value-added on carbon emissions are found to be insignificant. These findings provide important
insights for policymakers. The study emphasizes the need to promote the use of renewable energy and cleaner
production techniques in the agricultural sector. For the industrial sector, policies encouraging the transition to
green technologies, supporting R&D activities, and implementing regulatory measures such as carbon taxes are
recommended. These policy suggestions are essential for achieving sustainable development and
environmental sustainability goals in the E-7 countries.

Key words: Agricultural value added, industrial value added, economic growth, carbon emissions
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GIRIS

Cevresel bozulma ve iklim degisikligi, ginimiziin en 6nemli kiiresel sorunlari arasinda yer almakta ve
sirdarilebilir kalkinma politikalarinin merkezinde bulunmaktadir. Bu yizden dlkelerin belirlemis oldugu
kalkinma politikalarindaki temel konulardan birisi, iklim degisikliginin olumsuz etkilerini azaltmaktir (Gurbuz vd.,
2021). Sanayilesme, dogal kaynaklarin asiri tiikketimi, sera gazi emisyonlarinin artmasi ve ormansizlasmanin bir
sonucu olarak ¢evresel dengenin bozulmasi, yalnizca ekosistemleri degil, ayni zamanda toplumsal ve ekonomik
yapilari da olumsuz etkilemektedir. Bu baglamda, g¢ok yonli politikalar ve uluslararasi is birligi, iklim
degisikligine karsi etkili ¢6zlimler bulmak ve gevresel bozulmayi 6nlemek icin gereklidir.

Bu sirecin en 6nemli unsurlarindan biri, fosil yakitlarin hizla tiiketilmesi ve endistriyel faaliyetlerden
kaynaklanan karbon emisyonlaridir. Sera gazi emisyonlarinin biyik bir bélimini olusturan karbon (CO5)
salinimi, iklim degisikliginin en &nemli nedenlerinden biri haline gelmistir. Ozellikle CO, miktarindaki énemli
artis, cevre ve insan saghgi icin 6nemli bir tehdit haline gelmektedir (Javid ve Sharif, 2016). Enerji Uretimi,
ulasim, sanayi ve tarim sektorlerindeki yiksek karbon yogunluklu faaliyetler, atmosferdeki CO, birikimini
artirarak diinya capinda sicakliklarin artmasina neden olmaktadir. Ulkelerin ekonomik biiylime stratejileri ve
enerji politikalari, karbon emisyonlarini dogrudan etkilediginden, gevresel surdirilebilirlik ile ekonomik
blylime arasinda dengeli bir iliski kurmak olduk¢a 6nemlidir.

Karbon emisyonu, cevresel kaliteyi tespit etmek icin en 6nemli gostergelerinden biri olarak kabul
edilmektedir. Clinkli CO, emisyonu, kiresel etkileri olan bir kirletici olarak kabul edilmektedir. Ayrica sera gazi,
kiiresel 1sinma ve iklim degisikligi gibi diinyadaki canh yasamini etkileyen sorunlarla dogrudan iliskilidir
(Gokmenoglu ve Taspinar, 2018). Bu ylzden tarim ve sanayi gibi temel sektorlerin ekonomik biylime Gzerindeki
etkisi gbz online alindiginda, karbon emisyonlarinin izlenmesi ve azaltilmasi, stirdirilebilir kalkinma igin dengeli
politikalar gelistirilmesi agisindan kritik bir 5neme sahiptir.

Tarim sektori, ekonomik blylimeye 6nemli katkilar sunarken g¢evresel bozulma lizerinde de kayda deger
bir etkiye sahiptir. Tarim sektorli, hammadde ve gida tedarik ederek, rekabeti artirarak ve istihdam yaratarak
ekonomiyi desteklemektedir (Gokmenoglu vd., 2019). Ancak bu faaliyetler, cevresel sirdirilebilirlik agisindan
ciddi zorluklar yaratmaktadir. Bu nedenle, tarim ve cevre birbirinden ayrilmaz bir sekilde i¢ icedir. Ozellikle
yogun tarimsal faaliyetler, arazi kullanim degisiklikleri, ormansizlasma ve topragin yanls yonetimi, dogal
ekosistemlerin dengesini bozmakta ve biyolojik gesitliligin azalmasina yol agmaktadir.

Tarimsal faaliyet kapsaminda yapilan kimyasal gibre kullanimi, hayvanciliktan kaynaklanan metan gazi
ve tarim arazisi yaratmak igin ormanlarin yok edilmesi karbon emisyonunu artiran faktérlerdendir (Rafiq vd.,
2016). Ayrica, kiresel su tiketimlerinin yaklasik %70'i hayvancilik ve mahsul sulama gibi tarimsal amaglar igin
kullanilmaktadir (Pellegrini vd., 2016). Bunun yaninda, hemen hemen tiim ekonomik sektorlerde oldugu gibi
tarim sektért de biyime amaglari dogrultusunda yogun bir sekilde fosil enerji kullanmaktadir. Bu durum,
diinyanin bir¢ok bolgesinde CO, emisyonlarinin artmasina neden olmaktadir (Ben Jebli ve Ben Youssef, 2017b).
Dolayisiyla, biyoyakit Gretiminin desteklenmesi ve yenilik¢i tarim uygulamalarinin yayginlastirilmasi yoluyla
tarimin gevresel etkisinin azaltiimasi, strdirilebilir kalkinma hedeflerine ulasmada kritik 6neme sahiptir (Ben
Jebli ve Ben Youssef, 2019).

Cizelge 1. Diinya tarim Ureticisi siralamasinda ilk 10 lke.

Ulkeler Tarimsal Katma Deger

2018* 2019* 2020*
Cin 978 1020 1130
Hindistan 433 475 499
ABD 185 179 199
Endonezya 133 142 145
Nijerya 89 103 104
Brezilya 84 78 84
Pakistan 77 66 65
Rusya 56 59 59
Japonya 52 53 53
Turkiye 45 48 48
Dinya 3420 3522 3717

Not: * Tarimsal Katma Deger (milyar ABD $)
Kaynak: WDI: Diinya Kalkinma Gostergeleri (World Development Indicators)
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Cizelge 1’de, 2018-2019-2020 yillarina ait tarim sektériinde 6nde gelen on (lkenin performansina iliskin
veriler yer almaktadir. Listeye bakildiginda, E-7 (lkelerinden (Brezilya, Cin, Hindistan, Endonezya, Meksika,
Rusya ve Turkiye) Meksika haricinde diger (lkelerin yer almasi dikkat cekmektedir. Listenin ilk sirasinda Cin yer
alirken, onuncu sirada Tirkiye bulunmaktadir. Referans donemde, tarimsal Uretimde belirgin bolgesel
farklilhklar dikkat cekmektedir. Ozellikle Cin, Hindistan, Endonezya ve Nijerya gibi llkelerde tarimsal tretimin
artis gosterdigi goriliirken, Pakistan’da Uretimin azaldigi tespit edilmistir. Bu Uretim trendleri, tlkelerin tarim
politikalarina, iklim kosullarina, girdi kullanimina ve kiiresel piyasalardaki degisimlere bagli olarak farkhhk
gostermektedir.

Cevresel bozulmaya 6nemli élglide katkida bulunan sanayi sektori, ayni zamanda ekonomik biyiimenin
itici glic olarak 6nemli bir rol oynamaktadir. Gelismekte olan (lkelerin hizl sanayilesmesi, CO, emisyonlarinin
artisinda 6nemli bir rol oynamaktadir (Li ve Lin, 2015). Sanayilesme sireci, daha fazla dogal kaynagin
kullaniimasi anlamina geldiginden, retime dayall bliyiime stratejilerinde cevresel sirdirilebilirlik genellikle
goz ardi edilmektedir. Ulkelerin kendi kendine yetebilmesi ve ekonomik kalkinmayi saglamak amaciyla sanayi
faaliyetlerine 6ncelik verilmesi, dogal ekosistemlerin tahribatina ve yiiksek karbon emisyonuna yol agmaktadir
(Mahmood vd., 2020).

Sanayilesme ile birlikte enerji, hammadde ve su tiiketiminde 6nemli dlglide artis meydana gelmektedir.
Bu da atmosferdeki karbon emisyonlarini artirarak iklim degisikligini hizlandirabilir. Endlstriyel faaliyetlerin
yogunlasmasi, hava ve su kirliligi, atik yonetimi sorunlari ve biyolojik cesitlilik kaybi gibi cevresel etkileri
dogurmaktadir. Bu nedenle, ekonomik biliyime ile gcevre arasinda bir gerilim vardir. Yine de gelismekte olan
Ulkelerde ekonomik kalkinma &ncelikli hedef oldugundan, cevresel faktérler cogunlukla blylime stratejilerinin
en son asamasinda dikkate alinmaktadir (Mahmood vd., 2020).

Cizelge 2’'de, 2018-2019-2020 yillarina ait sanayi sektériinde 6nde gelen on llkenin performansina iliskin
veriler yer almaktadir. Listeye bakildiginda, E-7 (lkelerinden Cin, Hindistan ve Rusya’nin oldugu dikkat
cekmektedir. Listenin ilk sirasinda Cin yer alirken, onuncu sirada italya bulunmaktadir. Referans dénemde,
sanayi faaliyetlerinde ulkeler arasinda farkli egilimler gbzlemlenmistir. Almanya, Hindistan, Gliney Kore, Birlesik
Krallik, Fransa ve italya gibi tilkelerde sanayi liretiminde azalma goriiliirken, diger ilkelerde hem artis hem de
disusler kaydedilmistir. Bu dalgalanmalar, kiresel ekonomik kosullar, pandeminin etkileri, enerji maliyetleri ve
ticaret politikalarindaki degisimlerle iliskilendirilebilir.

Cizelge 2. Diinya sanayi Ureticisi siralamasinda ilk 10 lke.

Ulkeler Sanayi Katma Degeri

2018* 2019* 2020*
Cin 5514 5510 5558
ABD 3825 3908 3687
Japonya 1462 1474 1469
Almanya 1085 1049 1038
Hindistan 713 697 672
Gliney Kore 587 539 535
Birlesik Krallik 513 506 469
Fransa 479 475 444
Rusya 539 544 443
italya 448 432 409
Dinya 23593 23462 22358
Not: * Sanayi Katma Degeri (milyar ABD $)
Kaynak: WDI

Son yillarda kiresel diizeyde meydana gelen farkli doga olaylari ve bu olaylarin siddetindeki artis, iklim
degisikliginin etkilerini giderek daha gorunir bir hale getirmistir. Kuraklk, sicaklik dalgalanmalari, seller ve
kasirgalar gibi iklim kaynakli olaylar, sadece dogal ¢evreyi degil, ayni zamanda ekonomik faaliyetleri ve insan
yasamini da derinden etkilemektedir. Bu baglamda galismanin motivasyonu ekonomik biylime ile tarim ve
sanayi sektorlerinin karbon emisyonuna olan katkilarini derinlemesine incelemek ve bu etkilesimleri ortaya
koyarak sirdirilebilir kalkinma politikalarina 1sik tutmaktir. Bu motivasyondan hareketle ¢alismanin amaci,
1992-2020 dénemi yillik verilerle E-7 Ulke grubunda tarim, sanayi ve ekonomik biiylimenin karbon emisyonu
Gzerindeki etkilerini arastirmaktir. Calisma, E-7 (lkelerinin sardirilebilir kalkinma politikalari ¢ercevesinde
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ekonomik faaliyetlerin gevresel etkilerini incelemeyi amaglamakta ve politika yapicilara 6zellikle sektorel bazda
cevre dostu ¢ozliimler sunmayi hedeflemektedir.

Bu calismada E-7 ilke grubunun secilmesinin birkag 6nemli nedeni bulunmaktadir. Birincisi, E-7 Ulkeleri,
kiiresel ekonominin vyikselen glgleri olarak dikkat c¢ekmekte ve vyiiksek ekonomik biliyiime oranlari
sergilemektedir. Ancak bu biyiime, genellikle enerji yogun tarim ve sanayi tarafindan desteklendiginden,
cevresel sirdirilebilirlik Gzerinde ciddi baskilar yaratmaktadir. ikinci olarak, E-7 (ilkeleri, dogal kaynak
rezervleri ve nufuslari nedeniyle kiiresel emisyonlarin énemli bir kismini olusturmaktadir. Son olarak, E-7
lkeleri, gelismekte olan Ulkeler kategorisinde yer alirken hem de kiiresel ekonomik glic dengelerini degistiren
bir yapiya sahiptirler.

Literatiir

Bu galisma tarim, sanayi ve ekonomik biiyiimenin karbon emisyonu Uzerindeki etkilerini arastirmaktadir.
Daha iyi bir genel bakis icin literatiir incelemesi {i¢ béliime ayrilmistir. ilk olarak tarim ile karbon emisyonlari
arasindaki iliskiyi inceleyen g¢aligmalar bildirilmistir. Daha sonra, sanayinin karbon emisyonlari tizerindeki etkisini
analiz eden galismalar incelenmistir. Son olarak, tarim ve sanayinin karbon emisyonlari arasindaki iligkiyi ayni
anda ele alan ¢alismalara odaklaniimistir. Ayrica literatlr( kendi icerisinde zaman serisi ve panel veri calismalari
olarak ikiye ayirmak, analiz yontemlerinin gesitliligini vurgulamak agisindan faydali olacaktir.

Literatirde tarim sektoriiniin karbon emisyonlari {izerindeki etkisi, llkelerin ekonomik yapilari, enerji
politikalari ve tarimsal faaliyetlerinin niteligine bagl olarak farklihk géstermektedir. Bu g¢alismalarda heniz bir
fikir  birliginin  olmadigi goérilmektedir. Bu vyizden, tarim sektoriinde sdrdirilebilir uygulamalarin
yayginlastirilmasi ve disik karbonlu kalkinma stratejilerine oncelik verilmesi gerektigini vurgulamakta ve her
Ulkenin kendi 6zgtin kosullarina gore politikalar gelistirmesi gerektigine isaret etmektedir.

Zaman serisi kullanilarak yapilan galismalar icerisinden Ben Jebli ve Ben Youssef (2017a) Tunus
ekonomisinde 1980-2011 déneminde reel GSYH, yenilenebilir ve yenilenemeyen eneriji tiiketimi, ticaret aciklik
orani, tarimsal katma deger ve kisi basina diisen karbon emisyonu arasindaki kisa ve uzun vadeli iliskileri
arastirmistir. Uzun vadeli parametre tahminleri, tarimsal katma degerin karbon emisyonlarini artirdigini
gostermektedir.

Pakistan igin yapilan ¢alismalardan Gokmenoglu ve Taspinar (2018), 1971-2014 déneminde eneriji
kullanimi, tarimsal katma deger, kisi basina GSYH ve kisi basina GSYH'nin karesinin karbon emisyonlari
Uzerindeki etkisini incelemistir. Tarimsal katma degerin karbon emisyonu lizerinde elastik olmayan pozitif bir
etkiye sahip oldugu sonucuna varmislardir. Ayni sekilde Waheed vd. (2018), 1990-2014 déneminde benzer
sonuca ulagmistir.

Dogan (2019), Cin ekonomisi icin 1971-2010 déneminde tarim ile karbon emisyonlari arasindaki uzun
vadeli iliskiyi analiz etmistir. Calismanin sonuglari tarimin uzun vadeli karbon emisyonlarini artirdigini
gostermektedir. Gokmenoglu vd. (2019), Cin 6rneginde 1971-2014 dénemi igin reel gelir, enerji tiketimi tarim
ve karbon emisyonlari arasindaki uzun vadeli denge iliskisini arastirmistir. Tarimsal gelismenin karbon
emisyonlari lizerinde pozitif elastik olmayan bir etkiye sahip oldugunu belirlemistir.

Burakov (2019), Rusya icin 1990-2016 doneminde enerji kullanimi, GSYH (Gayrisafi Yurtici Hasila),
GSYH'nin karesi ve GSYH'deki tarim payinin karbon emisyonlari tzerindeki etkilerini incelemistir. GSYH'deki
tarim payinin karbon emisyonu (zerinde pozitif etkiye sahip oldugu sonucuna ulasmistir.

Agboola ve Bekun (2019), Nijerya icin 1981-2014 déneminde tarimsal Uretimin karbon emisyonlari
Gzerindeki etkisini arastirmistir. Tarimsal Gretimin karbon emisyonlari lizerinde pozitif ancak 6nemsiz bir etkiye
sahip oldugu bulunmustur.

Raihan ve Tuspekova (2022a), Brezilya igin 1990-2019 doneminde ekonomik biyimenin, fosil yakit
enerjisi kullaniminin, yenilenebilir enerji kullaniminin, kentlesmenin, turizmin, tarimsal katma degerin ve
ormanlik alanlarin karbon emisyonlari izerindeki dinamik etkilerini ampirik olarak arastirmistir. Tarimsal katma
degerin karbon emisyonlarini artirdigl sonucuna ulasiimistir.

Bu calismalarin tersi sonuca ulasan calismalardan Dogan (2016), Tirkiye ekonomisinde 1968-2016
doneminde GSYH, GSYH'nin karesi, enerji kullanimi, tarim ve karbon emisyonlari arasindaki iliskiyi analiz
etmistir. Tarimin her iki dénemde de karbon emisyonlarini negatif etkiledigini ortaya koymustur.

Ben Jebli ve Ben Youssef (2019), Brezilya icin 1980-2013 déneminde kisi basina diisen yanici yenilenebilir
enerji ve atik tiketimi, tarimsal katma deger, karbon emisyonlari ve reel GSYH arasindaki dinamik iliskileri
incelemistir. Uzun vadeli sonuglar, tarimin karbon emisyonlarini azaltmaya katkida bulundugunu
gostermektedir.

Prastiyo vd. (2020), Endonezya ekonomisinin 1970-2015 déneminde tarimin karbon emisyonlari
Gzerindeki etkisini incelemistir. Bulgular, tarimin karbon emisyonlari Gzerinde olumsuz bir etkiye sahip
oldugunu gostermektedir.
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Gurbuz vd. (2021), Azerbaycan'da 1992-2014 déneminde tarim ile karbon emisyonlari arasindaki uzun
donemli iliski ampirik olarak analiz etmistir. Tarimsal katma deger ile karbon emisyonlari arasinda negatif bir
iliski bulunmustur.

Panel verisi kullanilarak yapilan ¢alismalar icerisinde BRICS llkeleri (Brezilya, Rusya, Hindistan, Cin ve
Gulney Afrika) icin Liu vd. (2017b), 1992-2013 dénemi verilerle yenilenebilir ve yenilenemeyen enerji, tarim ve
kisi basina karbon emisyonlari arasindaki iliskiyi incelemistir. Tarimin karbon emisyonlari lizerindeki etkisinin
pozitif oldugunu gostermektedir. Ayni sekilde Balsalobre-Lorente vd. (2019), 1990-2014 déneminde tarimsal
faaliyetleri, enerji kullanimini, ticaret agikligini ve mobil kullanimini ¢evresel bozulmanin itici gigleri olarak
degerlendirerek karbon emisyonu lizerindeki etkisini arastirmis ve benzer sonuca ulasmistir.

Qiao vd. (2019), G20 lilkeleri igin 1990-2014 doneminde ekonomik blylime, tarim, yenilenebilir enerji ve
karbon emisyonlari arasindaki iliskiyi incelemistir. Calismanin sonuglarina gére tarim, karbon emisyonlarini
onemli 6lglide artirmaktadir.

Eyuboglu ve Uzar (2020), Kolombiya, Hindistan, Endonezya, Kenya, Malezya, Meksika ve Polonya
Ulkelerinden olusan sansh yedi Ulke igin 1995-2014 ddneminde tarimin ve yenilenebilir enerjinin karbon
emisyonlari tGzerindeki etkilerini arastirmistir. Bulgular, tarimin karbon emisyonlarini artirdigini géstermektedir.

Aydogan ve Vardar (2020), E7 llkelerinde 1990-2014 doneminde tarim, GSYH, yenilenebilir ve
yenilenemeyen enerji tiiketimi ile karbon emisyonu arasindaki iliskiyi incelemistir. Tarim ile karbon emisyonu
arasinda pozitif bir iliski bulunmustur.

Pata (2021) ise BRIC iilkelerinde 1971-2016 donemi igin klresellesme ve tarimsal faaliyetlerin ekolojik
ayak izi ve karbon emisyonlari Gzerindeki etkisini analiz etmistir. Tarimsal katma degerin karbon emisyonu
Uzerindeki etkisinin pozitif ancak 6énemsiz bir etkiye sahip oldugu bulunmustur.

Bu calismalarin tersi sonuca ulasan calismalardan Liu vd. (2017a), Endonezya, Malezya, Filipinler ve
Tayland ilkelerinden olusan dért ASEAN dlkesi igcin 1970-2013 doneminde tarimsal katma deger, yenilenebilir
enerji tiketimi ve kisi basina karbon emisyonlari arasindaki iliskiyi incelemistir. Tarimin artmasinin karbon
emisyonlarini azalttigi sonucuna ulasmistir. Ben Jebli ve Ben Youssef (2017b) bes Kuzey Afrika Ulkesi (Cezayir,
Misir, Fas, Sudan ve Tunus) i¢in 1980-2011 déneminde tarimsal katma deger, kisi basina yenilenebilir enerji
tiketimi, karbon emisyonu ve reel GSYH arasindaki dinamik baglantilari arastirmistir. Bulgular tarimsal katma
degerdeki bir artisin karbon emisyonlarini azalttigini géstermektedir. Sarkodie vd. (2019) 14 Afrika Ulkesinde
1990-2013 doéneminde karbon emisyonlari, modern tarim, ticaret acikligi, toplam ve ayrik enerji tiketimi
arasindaki iliskiyi arastirmistir. Tarimin karbon emisyonlari tGizerinde olumsuz bir etkiye sahip oldugu sonucuna
varilmistir.

Bu 6nceki calismalari takiben, su hipotezler 6ne strilmektedir:

Hi: E-7 llkelerinde tarimsal katma deger karbon emisyonunu azaltmaktadir.

H,: E-7 lilkelerinde tarimsal katma deger karbon emisyonunu artirmaktadir.

Sanayilesmenin karbon emisyonlari Gzerindeki etkisini inceleyen literatiirde, ¢ogunlukla sanayilesmenin
karbon emisyonunu artirdigi yoninde bulgulara ulasilmistir. Bu durum, neredeyse her (ilkede benzer sonuglara
ulasildigina isaret etmektedir. Ozellikle llke grubu iizerinde yapilan calismalarda bir fikir birliginin oldugu
gorilmektedir.

Zaman serisi ¢alismalarindan Shahbaz vd. (2014), Banglades icin 1975-2010 dénemi boyunca ceyrek
verilerle sanayilesme, elektrik tiiketimi ve karbon emisyonlari arasindaki iliskiyi arastirmistir. Sanayilesmedeki
artisin ilk asamalarda belirli bir noktaya kadar karbon emisyonunu arttirdigini bulmustur.

Asumadu-Sarkodie ve Owusu (2016), Benin'de 1980-2012 doéneminde elektrik tluketimi ve
sanayilesmenin karbon emisyonlari Uzerindeki etkisini arastirmistir. Sonuglar, uzun vadede sanayilesmenin
karbon emisyonunu artiracagini géstermektedir.

Pata (2018), Turkiye i¢in 1974-2013 doneminde kisi basina diisen GSYH, finansal gelisme, kisi basina
disen enerji tiketimi, kentlesme, sanayilesme ve kisi basina diisen karbon emisyonlari arasindaki dinamik
iliskiyi incelemistir. Uzun ve kisa vadede sanayilesme kisi basina diisen karbon emisyonlarini artirmaktadir.

Cin icin yapilan galismalarda Liu ve Bae (2018), 1970-2015 déneminde kisi basina karbon emisyonlari,
enerji yogunlugu, kisi basina reel GSYH, sanayilesme, kentlesme ve yenilenebilir enerji tlketiminin payi
arasindaki iligkiyi analiz etmistir. Uzun vadeli parametre tahminleri sanayilesmenin karbon emisyonlarini
artirdigini gostermektedir. Ayni sekilde Aslam vd. (2021b), 1962-2018 déneminde sanayilesme, ekonomik
blylime, ticaret acikhigl ve nifus yogunlugu ile karbon emisyonu arasindaki iliskiyi arastirmistir. Sonug olarak
sanayilesmenin karbon emisyonunu artirdigi belirlenmistir.

Ullah vd. (2020), Pakistan'da 1980-2018 doneminde sanayilesme, kentlesme, GSYH ve insan sermayesi
degiskenlerini karbon emisyonlari (izerindeki etkisini arastirmistir. Sonuglar, sanayilesmenin karbon
emisyonlarini artirdigini ortaya koymaktadir. Munir ve Ameer (2020) ise yine Pakistan’da 1975-2016
doéneminde dogrudan yabanci yatirnmin, ekonomik biliyimenin ve sanayilesmenin karbon emisyonlari
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Gzerindeki etkisini analiz etmistir. Sanayilesmenin karbon emisyonlari Gzerinde pozitif bir etkisinin oldugu
belirlenmistir.

Mahmood vd. (2020), Suudi Arabistan'da 1968-2014 déneminde kisi basina diisen karbon emisyonlari
Uzerinde sanayilesme ve kentlesmenin etkilerini arastirmistir. Sonug olarak sanayilesmenin karbon emisyonunu
arttirdig tespit edilmistir.

Ghazouani (2022), Tunus ekonomisinde 1980-2016 ddnemine ait verilerle dogrudan yabanci yatirim
girislerinin, kentlesmenin, sanayilesmenin ve teknolojik yeniligin karbon emisyonlari lizerindeki etkisini
incelemistir. Sanayilesmenin karbon emisyonunu arttirdigl sonucuna ulasilmistir.

Raihan ve Tuspekova (2022c), Rusya’da 1990-2020 doneminde enerji tiiketimi, sanayilesme ve orman
alaninin karbon emisyonlari tzerindeki etkilerini incelemistir. Sanayilesmenin karbon emisyonu Uzerinde
artisina yol agacagi tahmin edilmistir.

Tersi sonuca ulasan galismadan Aslam vd. (2021a), Malezya igin 1971-2016 yillik verilerle GSYH,
kiiresellesme, sanayilesme ve ticaret acikhigi ile karbon emisyonu arasindaki iligkiyi incelemistir. Sanayilesmenin
karbon emisyonlari izerinde olumsuz etkisi oldugu belirlenmistir.

Panel veri calismalarindan Ahmad vd. (2013), Dért bilyiik Giiney Asya Bolgesel isbirligi Teskilati tilkesi
(SAARC - South Asian Association for Regional Cooperation) icin 1980-2008 déneminde sanayilesme ve nifusun
karbon emisyonu Uzerindeki etkilerini arastirmistir. Sonug olarak sanayilesmenin karbon emisyonunu arttigi
belirlenmistir.

Asane-Otoo (2015), 45 Afrika tlkesinde 1980-2009 donemi igin kisi basina diisen gelir, enerji yogunlugu,
sanayilesme, kentlesme, niifus ve ticaret agikligin karbon emisyonlari Uzerindeki etkilerini incelemistir.
Sanayilesmenin karbon emisyonlari izerinde 6nemli pozitif etkiye sahip oldugu belirlenmistir.

Raheem ve Ogebe (2017), 20 Afrika llkesinde 1980-2013 déneminde kentlesme ve sanayilesmenin
karbon emisyonlari tzerindeki etkilerini arastirmistir. Sonuclar, sanayilesmenin karbon emisyonunu artirdigini
gostermektedir.

BRICS iilkelerinde yapilan galismalardan Wang ve Zhang (2020), 1996-2014 déneminde Ar-Ge yatirimi,
enerji yapisi, yenilenebilir enerji tiiketimi, sanayi ve kentlesmenin karbon emisyonu Uzerindeki etkisini
incelemistir. Bulgular, sanayilesmenin karbon emisyonunu arttirdigini géstermektedir. Ayni Glke grubu igin
Voumik ve Sultana (2022), 1972-2021 déneminde sanayilesmenin, kentlesmenin ve yenilenebilir enerjinin
karbon emisyonu Uzerindeki etkisini arastirmistir. Bulgular, artan sanayilesmenin karbon emisyonunu
arttirdigini ortaya koymaktadir.

Sikder vd. (2022), 23 gelismekte olan (lke icin 1995-2018 déneminde enerji kullanimi, sanayilesme,
blylime ve kentlesmenin karbon emisyonlari Gzerindeki etkilerini analiz etmistir. Uzun vadeli sonuglar,
sanayilesmenin karbon emisyonlarini artirdigini ortaya koymaktadir.

U. Mentel vd. (2022), 44 Sahra Alti Afrika Ulkesinden olusan bir 6rneklemde 2000-2015 déneminde
sanayi katma degeri, yenilenebilir enerji ve karbon emisyonlari arasindaki iliskiyi arastirmistir. Bulgular, sanayi
katma degerinin karbon emisyonlari tizerinde pozitif etkiye sahip oldugunu belirtmektedir.

G. Mentel vd. (2022), 48 ilkeden olusan bir 6rneklemde 2000-2018 déneminde sanayilesmenin,
yenilenebilir enerji tiketiminin kisi basina diisen karbon emisyonlari Gzerindeki etkisini incelemistir. Ampirik
sonuglar, sanayilesmenin karbon emisyonlari Gzerinde pozitif bir etkiye sahip oldugunu ortaya koymaktadir.

Azam vd. (2022), Petrol ihrag Eden Ulkeler Orgiiti (OPEC - Organization of Petroleum Exporting
Countries) Uyesi alti Ulkede 1975-2018 doneminde kentlesme, sanayilesme, enerji kullanimi, milli gelir,
uluslararasi ticaret ve karbon emisyonlari arasindaki iliskiyi incelemistir. Bulgular, sanayilesmenin karbon
emisyonunu arttigini ortaya koymaktadir.

Salahodjaev vd. (2023), islam isbirligi Teskilati tlkeleri (OIC - Organisation of Islamic Cooperation) icin
1995-2020 doneminde sanayilesme ve karbon emisyonlari arasindaki iliskiyi degerlendirmistir. Ampirik
sonuglar, sanayilesmenin karbon emisyonlari Gzerinde olumlu bir etkiye sahip oldugunu ortaya koymaktadir.

Bu 6nceki calismalari takiben, su hipotez 6ne surilmektedir:

Hs: E-7 (lkelerinde sanayi katma degeri karbon emisyonunu artirmaktadir.

Tarim ve sanayi sektorlerinin birlikte ele alinarak karbon emisyonlari tizerindeki etkilerini inceleyen sinirli
sayidaki ¢alismalar, bu iki sektoriin karbon emisyonu lizerindeki etkilerinin farklilastigini gdstermektedir.

Rafiq vd. (2016), 53 tlke (30 dustik-orta gelirli ve 23 yiksek gelirli) icin 1980-2010 doneminde tarim,
sanayi, hizmet sektori, nifus, buyime, ticaret acikligi, enerji yogunlugu, yenilenebilir enerji tiiketimi ile
yenilenemeyen enerji tiketiminin karbon emisyonu Uzerindeki etkisini test etmistir. Sonuglar tarimin karbon
emisyonunu azaltmada énemli bir rol oynarken, sanayilesmenin karbon emisyonunu arttigini géstermektedir.

Anwar vd. (2020), 33 BRI ulkesi icin 1986-2017 doneminde kisi basina sanayi katma deger, kisi basina
disen tarimsal katma deger, ulastirma ylki ve karbon emisyonu arasindaki iliskiyi incelemistir. Kisi basina
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sanayi katma degerin karbon emisyonunu 6nemli 6lgtide artirdigini, kisi basina diisen tarimsal katma degerin
ise karbon emisyonunu énemli dlglide azalttigini belirlemistir.

Raihan ve Tuspekova (2022b), Tirkiye'de 1990-2020 déneminde ekonomik bliyiime, yenilenebilir enerji
kullanimi, kentlesme, turizm, sanayilesme, tarim ve orman alanlari ile karbon emisyonu arasindaki iligkiyi
incelemistir. Sanayilesmenin karbon emisyonlarini artiracagini ortaya koyarken, tarimin karbon emisyonlarini
azaltacagini belirlemistir.

Bu bulgular, sanayi sektériiniin genellikle karbon emisyonuna katki sagladigini, tarimin ise karbon
emisyonlarini azaltma potansiyeline sahip oldugunu gostermekte ve sirdirilebilir kalkinma stratejilerinin
onemini vurgulamaktadir.

Bu calisma, E-7 Ulkelerinde tarim, sanayi ve ekonomik blylimenin karbon emisyonlari lzerindeki
etkilerini inceleyerek literatlire 6nemli katkilar sunmaktadir. Calisma, ylikselen ekonomiler arasinda yer alan E-7
Ulkelerine odaklanarak bu grup icin sektérel bazda karbon emisyon dinamiklerini analiz etmektedir. Bu durum,
literattirde farkl dlke gruplari Uzerine yogunlasan galismalara (Anwar vd., 2020; Rafig vd., 2016) yeni bir
perspektif kazandirmaktadir. Literatlirde genelde sanayi sektoriiniin ve tarim sektériiniin karbon emisyonlarina
etkisi ayri ayri ele alinarak incelenmistir (Dogan, 2016; Ghazouani, 2022). Calisma, her iki sektori karsilastirmali
olarak E-7 llkelerinde analiz ederek bu boslugu doldurmayi amaglamaktadir. Ayrica, 1992-2020 dénemine ait
yillik uzun veriler kullanilarak yapilan analiz, zaman igindeki degisimleri daha kapsamh bir sekilde ortaya
koymaktadir. Son olarak bu ¢alismada, gesitli ekonomik faktorlerin karbon emisyonlari tizerindeki hem kisa hem
de uzun vadeli etkilerini test eden daha gekici bir tahmin teknigi olan panel ARDL yéntemi kullaniimaktadir.

MATERYAL ve METOT

Bu ¢alisma, E-7 llkelerinde 1992-2020 donemi yillik verilerle tarim, sanayi ve ekonomik blyimenin
karbon emisyonu Uzerindeki etkilerini arastirmayr amacglamaktadir. Calismanin referans dénemi kisitlardan
dolayr 1992-2020 yillik verilerinden olusmaktadir. Tarim gostergesi olarak tarimsal katma degerin GSYH
icerisindeki ylzdelik payi (Balsalobre-Lorente vd., 2019; Burakov, 2019; Eyuboglu ve Uzar, 2020; Raihan ve
Tuspekova, 2022b; Sarkodie vd., 2019), sanayi gostergesi olarak sanayi katma degerinin GSYH icerisindeki
yuzdelik payl (Ahmad vd., 2013; Al-Mulali ve Ozturk, 2015; Raihan ve Tuspekova, 2022b; Sikder vd., 2022; Wang
ve Zhang, 2020; Yang ve Khan, 2022) ve karbon emsiyonu gostergesi olarak CO, emisyonu kiloton cinsinden
(Asumadu-Sarkodie ve Owusu, 2016; Gokmenoglu ve Taspinar, 2018; Rafiq vd., 2016; Raihan ve Tuspekova,
2022a; Voumik ve Sultana, 2022; Waheed vd., 2018) belirlenmistir. Cizelge 3’te tahmin edilecek modellerde yer
alan degiskenlerin detaylari gosterilmistir.

Cizelge 3. Degiskenlerin tanimlanmasi.

Degisken Adi Kisa adi Tanimi Kaynak/Dénem
Tarimsal Katma Deger  LTR Tarimsal katma degerin GSYH icerisindeki ylizdelik payr  WDI/1992-2020
Sanayi Katma Degeri LS Sanayi katma degerinin GSYH icerisindeki yuzdelik payr  WDI/1992-2020
CO; Emisyonu LCO2 Kiloton (kt) WDI/1992-2020
Ekonomik Buylime LGDP Kisi basina diisen GSYH (sabit 2015 ABD Dolari) WDI/1992-2020

Galismanin ekonometrik modeli, ilgili literatiirden yararlanilarak denklem 1’deki gibi olusturulmustur.
LCO2; = aj + P1iLTRyr + BoiLSic + B3 LGDPye + & (1)

Burada yer alan i panel verinin birim, t ise zaman boyutunu temsil etmekte, € ise hata terimlerini
gostermektedir.

BULGULAR ve TARTISMA

GCalismada 6ncelikle degiskenlerin duraganliginin hangi birim kok testleri ile belirlemek igin yatay kesit
bagimhhgi testi uygulanmistir. Yatay kesit bagimhhgi varsa sonuglar tutarsiz ve sapmali olarak belirlenecektir.
Serilerde yatay kesit bagimliligi mevcutsa, ikinci nesil birim kok testleri kullanilmahdir.

Serilerde yatay kesit bagimliliginin varliginin élgtlmesi icin Breusch ve Pagan (1980) tarafindan literatlre
kazandirilan CDLML1 testi ve Pesaran (2004) CDLM2 testi kullaniimistir. Bu testlerin tamaminda temel hipotez
yatay kesit bagimlhg yoktur seklinde kurulurken, alternatif hipotez yatay kesti bagimhhgi vardir seklinde
kurulmaktadir. Testlerin fonksiyonel bicimde gosterimi su sekildedir (Breusch ve Pagan, 1980; Pesaran, 2004):

N-1 N
-T2
i=1 j=i+1pi2 | (2)
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1 NN N
CDyy :sziﬂ j:if' i-D N(0,1) (3)

Bu testler; T>N ve N>T olmasi halinde kullanilabilir ve tutarli sonuglar vermektedir. Bu testlerden elde
edilecek test sonuglarinda p<0.05 ise %5 anlamlilikta temel hipotez reddedilmekte, alternatif hipotezi kabul
edilmektedir. Yani birimler arasi incelendiginde yatay kesit bagimhhginin varligi kabul edilmektedir (Erdemli ve
Celik, 2017).

Yatay kesit bagimliligi, bir ilke ekonomisinde yasanan bir sokun diger tlke ekonomilerini etkilemesini
ifade eder. Kesitler arasi bagimliligin varhigi, modelde ikinci nesil birim kok testlerinin uygulanmasini gerektirir
(Nazhoglu, 2010).

Panel veri analizinde duraganlik analizine gegmeden once yapilan bir diger 6n test egim katsayilarinin
homojen mi yoksa heterojen mi oldugunu belirleme durumudur. Ekonomik bliylime ve saglik harcamalari
modelinde, homojenlik testi Pesaran ve Yamagata (2008) tarafindan gelistirilen Egim Katsayisi Homojenlik Testi
ile belirlenmistir. Homojenite testinde, “Egim katsayilari homojendir” bos hipotezine karsilik, “Egim katsayilari
heterojendir” diyen alternatif hipotezini sinamaktadir.

Calismada kullanilan degiskenler icin yapilan yatay kesit bagimlilik ve homojenite test sonuglari ¢gizelge 4
ve 5’te agiklanmaktadir.

Cizelge 4. Yatay kesit bagimlilik test sonuglari.

LCO2 LGDP LTR LS
Breusch-Pagan (1980) 392.1192 488.453 383.35 125.59
LM (0.000) (0.000) (0.000) (0.000)
Pesaran (2004) CDLM 57.2649 72.129 55.9125 16.1396
(0.000) (0.000) (0.000) (0.000)

Cizelge 4’te yatay kesit bagimlilik test sonuglari gosterilmektedir. Cizelgeye bakildiginda %1 anlamlilik
diizeyinde yatay kesit bagimlihgi yoktur seklinde kurulan temel hipotez reddedilmis, bltiin serilerde yatay kesit
bagimhhk oldugu tespit edilmistir. Bu bulgular, bir (ilkede meydana gelen ekonomik bir sokun diger tlkeleri de
etkiyecegini gostermektedir.

Cizelge 5. Homojenlik testi.

L(CO2)=F(LGDP, LTR,LS)

t-ist. Degeri Prob. degeri
Delta Tilde 18.192 0.000*
Delta 19.997 0.000*

Cizelge 5'te homojenlik test sonuglari gosterilmektedir. Modelin homojen oldugu Uzerine kurulu egim
homojenligi test sonuglari %1 anlamhlik seviyesinde reddedilmis ve katsayilarin heterojen oldugu belirlenmistir.

Yatay kesit gézlemleri ile calismak zaman boyutuna ait 6zellikleri ve sorunlari beraberinde getirmektedir.
Cizelge 5te de goruldigi gibi kullanilan degiskenler yatay kesit bagimliligi géstermektedir. Bu sonug birim kok
testi secimi konusunda bilgi vermektedir. Bu ¢alismada da ikinci nesil birim kok testlerinden Pesaran CADF birim
kok testi kullanilarak degiskenlerin duraganlik diizeyleri belirlenmistir. CADF, yatay kesit bagimhhiginin oldugu
durumlarda kullanilan ikinci nesil birim kok testidir. Pesaran (2007) tarafindan ortaya konulan CADF birim kok
testi, ADF testine gecikmeli yatay kesit ortalamalarinin eklenmesiyle genisletilmistir (Pesaran, 2007). Bu test,
Monte Carlo kalintilarina dayanarak N>T ve N<T durumunda etkin sonuglar verebilmektedir (Erdemli ve Celik,
2017).

Cizelge 6. CADF birim kok test sonuglari.

Degiskenler Pesaran CADF(2007) Birim Kok Testi

t-bar cv5 cvl Olasilik

LCO2 -2.174 -2.330 -2.570 0.129
ALCO2 -2.927 -2.330 -2.570 0.001
LGDP -2.036 -2.330 -2.570 0.226
ALGDP -2.540 -2.330 -2.570 0.000
LTR -2.624 -2.330 -2.570 0.008

LS -2.110 -2.330 -2.570 0.170

ALS -2.955 -2.330 -2.570 0.000

A fark degerlerini gostermektedir.
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Cizelge 6’de Pesaran (2007)"in gelistirdigi ve yatay kesit bagimliligi sorununa dikkate alan CADF birim kok
testi sonuglarina bakildiginda LCO2, LGDP ve LS degiskenleri birinci farkinda duraganken, LTR degiskeni diizeyde
duragandir. Duragan olmayan degiskelerinse birincil farki alindiktan sonra duragan hale geldigi gérilmustdr.
Dolayisiyla farkh diizeyde duragan olan veriler nedeniyle ¢alismada, bu duruma uygun analiz yontemi olan
Panel ARDL y6ntemi kullanilacaktir.

Cizelge 7. Panel ARDL tahmin sonuglari.

Degiskenler Katsayi St. hata t-ist Olasilik
Bagimh Degisken: LCO2

Uzun Donem

LGDP 0.6121 0.0849 7.2052 0.0000
LTR -0.5408 0.1615 -3.3479 0.0012
LS 1.5508 0.2057 7.5391 0.0000
Kisa Dénem
COINTEQO1 -0.1962 0.1079 -1.8173 0.0072
LGDP 0.9404 0.1741 5.3993 0.0000
LTR 0.1031 0.1574 0.6554 0.5140
LS -0.0129 0.2295 -0.0562 0.9553

Cizelge 7 Panel ARDL kisa ve uzun doénem bulgularini goéstermektedir. Uzun doénem bulgular
degerlendirildiginde karbon emisyonu lzerinde ekonomik biiyime, tarimsal katma deger ve sanayi katma
degerinin etkisi istatistiksel olarak anlamli oldugu tespit edilmistir. Ekonomik biyimedeki %1’lik bir artis karbon
emisyonu %0.61 oraninda artirmaktadir. Tarimsal katma degerdeki %1’lik bir artis karbon emisyonunu %0.54
oraninda azaltmaktadir. Bu bulgular, Dogan (2016), Ben Jebli ve Ben Youssef (2019), Prastiyo vd. (2020), Gurbuz
vd. (2021), Liu vd. (2017a), Ben Jebli ve Ben Youssef (2017b) ve Sarkodie vd. (2019) tarafindan yapilan
calismalarla ortismektedir. Bu baglamada belirlenen “H1: E-7 lilkelerinde tarimsal katma deger karbon
emisyonunu azaltmaktadir.” hipotezi dogrulanarak, “H2: E-7 (lkelerinde tarimsal katma deger karbon
emisyonunu artirmaktadir.” hipotezi reddedilmistir. Bu durum, tarim sektoriinde kullanilan ¢evre dostu
ydntemlerin, karbon emisyonlarini azaltmadaki potansiyel roliine dikkat cekmektedir. Ozellikle yenilikgi sulama
sistemleri, organik tarim uygulamalari ve duslik karbon ayak izine sahip Uretim teknikleri, bu etkiyi daha da
gluglendirebilir.

Buna karsin, sanayi katma degerindeki %1'lik artis karbon emisyonlarini %1.55 oraninda artirmaktadir.
Bu bulgular literatiirdeki ¢alismalarla (Ahmad vd., 2013; Asane-Otoo, 2015; Azam vd., 2022; G. Mentel vd.,
2022; U. Mentel vd., 2022; Raheem ve Ogebe, 2017; Salahodjaev vd., 2023; Shahbaz vd., 2014; Sikder vd., 2022;
Voumik ve Sultana, 2022; Wang ve Zhang, 2020) benzerdir. Bu baglamada belirlenen “H3: E-7 lilkelerinde
sanayi katma degeri karbon emisyonunu artirmaktadir.” hipotezi dogrulanmistir. Bu durum, sanayi sektoriinde
temiz enerji kullanimi, enerji verimliligi artirici yatirmlar ve yesil Gretim tekniklerinin yayginlastiriimasinin
gerekliligini vurgulamaktadir.

Kisa donem analizleri degerlendirildiginde, hata dizeltme katsayisinin (uyum hizi parametresi) negatif
(COINTEQQ1: -0,1962) ve %5 diizeyinde anlamh oldugunu gostermektedir. Bu durum gegen yilki dengesizligin
%19’unun bu yil dizelebilecegi anlamina gelmektedir (Baris ve Baris, 2024). Kisa dénem analizine bakildiginda,
uzun donem katsayilarina gore anlamliigi farkli elde edilmistir. Kisa donemde karbon emisyonu lzerinde
ekonomik biylimenin etkisi anlamh iken, tarimsal katma deger ve sanayi katma degerin karbon emisyonu
Gzerindeki etkisi anlamsiz olarak bulunmustur. Bu donemde de ekonomik biylimedeki %1’lik bir artis karbon
emisyonunu %.0.94 oraninda artirmaktadir.

SONUC ve ONERILER

Bu c¢alisma, 1992-2020 yillari arasindaki yillik verilerle E-7 {ilke grubunda tarim, sanayi ve ekonomik
blylimenin karbon emisyonu uzerindeki etkilerini incelemektedir. Panel ARDL analizinden elde edilen uzun
dénem bulgularina gére, ekonomik bliylime, tarimsal katma deger ve sanayi katma degerinin karbon emisyonu
Uzerinde istatistiksel olarak anlamli etkileri oldugu tespit edilmistir. Tarimsal katma degerdeki %1’lik bir artis
karbon emisyonunu %0.54 oraninda azaltirken, sanayi katma degerdeki %1’lik bir artis karbon emisyonunu
%1.55 oraninda artirmaktadir. Sanayi katma degerinin karbon emisyonunu artirma etkisi, tarim katma degerinin
karbon emisyonunu azaltma etkisinden daha gii¢liidir. Ekonomik biyimede %1’lik artis ise karbon emisyonunu
%0.61 oraninda artirmaktadir.
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Ancak kisa donemde tarimsal ve sanayi katma degerlerinin karbon emisyonlari izerindeki etkisi anlamh
bulunmazken, ekonomik blylimenin %1’lik artisi karbon emisyonlarini %0.94 oraninda artirmaktadir. Bu
durum, kisa vadede ekonomik biiyiime ve gevresel etkiler arasinda bir ¢atisma oldugunu ancak uzun vadede
tarimsal faaliyetlerin strdurilebilir kalkinma stratejilerine katkida bulunabilecegini ortaya koymaktadir.
Calismadan elde edilen bulgular, E-7 (lkelerinde surdirilebilir kalkinma stratejileri icin bazi 6nemli politika
Onerilerini beraberinde getirmektedir:

Cevre Ulzerinde olumlu etkileri olan daha temiz tarimsal Uretim elde etmek igin glines veya riizgar
enerjisi gibi temiz yenilenebilir enerjilerin tesvik edilmesi gerekmektedir (Ben Jebli ve Ben Youssef, 2017b).
Tarimsal Uretimde bir iyilesme elde etmek igin, hiikiimetlerin daha verimli enerji altyapilarini tesvik etmesi ve
tarim sektoriinde daha temiz ve daha verimli enerji kaynaklarina dontsimi siibvanse etmesi 6nemlidir (Sebri
ve Abid, 2012). Ciftcilere yonelik egitimlerle karbon azaltici uygulamalarin 6nemi de vurgulanabilir. Ciftgilerin
karbon azaltici faaliyetlerinden gelir elde etmesini saglayacak karbon ticareti mekanizmalari olusturulmahdir.

Sanayi faaliyetlerinin karbon emisyonlarini 6nemli élglide artirdigi goéz éniinde bulundurularak, sanayi
sektoruniin yesil teknolojilere gecisini tesvik eden politikalar gelistiriimelidir. Bunun igin disiuk karbon
teknolojilerine gecis icin AR-GE calismalari desteklenebilir. Sanayi kaynakli emisyonlarin azaltilmasi icin karbon
vergisi uygulanabilir. Cevreye duyarli lretim yapan firmalar icin yesil Gretim belgeleri olusturularak bu
firmalarin pazar avantaji elde etmesi saglanabilir.

Gelecekteki arastirmacilar, bu giincel konu {izerine ¢alismalarini farkh bélgelerde genisleterek bolgesel
farkhhklar karsilastirmali olarak analiz edebilir. Tarim ve sanayi sektorlerinin karbon emisyonlari Gzerindeki
etkileri, her bolgenin ekonomik yapisi, enerji kullanimi ve gevresel politikalarina gore farklilik gosterebilir.
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0z

Arpa diinyanin en erken kultire ahmis driinlerinden biridir ve musir, piring ve bugdaydan sonra
dordincl sirada yer alir. Kadmiyum (Cd), hem bitki hem de hayvanlar igin toksisiteyi gosteren, yaygin,
esansiyelolmayan ve zehirli bir agir metal kirleticisidir. Bu ¢alismada ¢esitli kadmiyum dozajlari kullanilarak (g
arpa ¢esidinin tepkisini arastirmak icin ¢abaladik. Farkh kadmiyum konsantrasyonlari olarak 0, 25-50 uM Cd,
100 pM Cd ve 150 pM Cd konsantrasyonlari kullaniimistir. Bu g¢alismanin sonuglar, kadmiyum dozunun
artmasiyla slirglin uzunlugu ve agirliginda azalmanin goézlemlendigini ortaya koymustur. Arpa cesitleri arasinda
siraslyla Sentosa ve Tarm 92 en duyarli ve en dayanikli cgesitler olarak bulunmustur. Kadmiyum
konsantrasyonunun artmasiyla birlikte klorofil ve prolin igeriklerinde azalma tespit edilmistir. K6k dokularinda
daha yiksek kadmiyum birikimi bulunmustur. Bu cesitlerde cesitli mineral igeriklerinde kadmiyum stresinin
etkileri ve ayrica kalsiyum iceriklerinde de artis gozlenmistir. Diisik kadmiyum dozajina karsi fidelerin
manganez, bakir ve g¢inko igerikleri artti. Ancak daha ylUksek Cd dozajina kargi bu minerallerin
konsantrasyonunda azalma gozlenmistir. Bu c¢alismanin bulgularinin, kadmiyum toksisitesinin mahsullerin
blyumesini ve verimini nasil etkilediginin anlasilmasinda yardimci olacagina inaniyoruz.

Anahtar kelimeler: Hordeum vulgare, Cesitler, Kadmiyum, Abiyotik Stres, Blyime

Ug Arpa (Hordeum vulgare) Gesidinin Kadmiyum Stresine Fizyolojik Tepkisinin Arastiriimasi

ABSTRACT

Barley is one of the world’s earliest domesticated crops, ranks fourth grain cereal after maize, rice and
wheat. Cadmium (Cd) is a widespread, non essential and toxic heavy metal pollutant reflecting toxicity for both
plant and animals. In this study, we made an effort to investigate the responce of three barley cultivars using
various cadmium dosage. 0, 25-50 pM Cd, 100 uM Cd and 150 uM Cd were taken as different cadmium doses.
Results of this study revealed that decrease in shoot length and weight was observed with the increase in
cadmium dose. Sentosa and Tarm 92 were found most succeptible and resistant cultivars of barley respectively.
Decrease in chlorophyll and proline contents were determined with an increase in cadmium dosage. Higher
cadmimum accumulation was found in root tissues. Effects of cadmium stress were observed for various
mineral contents in these cultivars and an increse in calcium contents was also observed. Manganese, copper
and zinc content of seedlings increased against low cadmium dosage. However, decrease in the concentration
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of these mineral was observed against higher Cd dosage. We are confidant that findings of this study will be
helpful for the understanding of how cadmium toxicity effects the growth and yield of crops.

Key words: Hordeum vulgare, Cultivars, Cadmium, Abiotic stress, Growth

INTRODUCTION

Plants can’t move away and therefore face continous unfavorable environmental conditions. As a result
of encountering an unexpected situation, their development and survival conditions are negatively affected
and causes ‘stress’ (Shao et al., 2008; Culha and Cakirlar 2011;Akkus and Vural,2023;). Such as drought, salt,
cold, heat and heavy matels are considered important environmental stresses, significantly effecting crop
production (Gill and Tuteja, 2011). Cadmium (Cd) is a wide spread, non essential and extremely toxic element
(Xu et al., 2011). As a non redox metal , Cd is unable to involve in Fenton-type reactions, however, results in
oxidative stress by producing reactive oxygen species (ROS) (Garnieret et al., 2006) Cadmium (Cd) stress is an
important agricultural problem with increasing environmental pollution and threatening whole living
organisms. Cadmium is a heavy metal, which described in Di Toppi and Gabbrielli’s review with a density higher
than 5.0 g cm™ (Di Toppi and Gabbrielli, 1999). It is found at the periodic table’s 12th group with its +2 valance
and 8,65 g cm? density (Kabata-Pendias and Mukherjee, 2007). Normally it takes place in the soil below
0.5 mg kg™* of soil but human activities such as application of sewage sludge, phosphate fertilization, pesticides,
industrial development, or metal smelting industry can significantly increase its concentration (Dresler et al.,
2019). Cadmium doesn’t have any metabolic importance for plant metabolism (Cherif et al., 2012).

Cadmium stress has lots of negative effects on plant metabolism and these effects depend on plant
species, plant age, stress duration, time and concentration of metal (Gill and Tuteja, 2011). It suppresses
growth and photosynthesis (Ahmad et al., 2011); increases carotenoid and superoxide dismutase activity which
are indicators of oxidative stress (Li et al., 2008); increased proline contents (Siddiqui et al., 2012); decrease
chlorophyll a and b content (Zhao et al., 2019); accumulates in plant root and shoot tissues and causes cell
membrane damage (Li et al.,, 2013); negatively affects water use efficiency (Li et al., 2015); stomatal
conductance (Marchiol et al., 1996), and nutrient intake (Koleva, 2010). It also decreases plant height, shoot
diameter, thousand grain weight, bunch length in Sorghum plants (Yilmaz and Koékten, 2019).

Barley is considered one of the agriculture founder crop and archaeological remains of this crop has
been found at various sites in Fertile Crescent region. Barley was domesticated from its wild relative Hordeum
spontaneum 10000 years ago (Zohary and Hopf, 1994). It is an important crop belonging to Poaceae
(Gramineae) family mainly grown as animal feed, malt production and human nutrition. Barley is fourthlarely
cultivated cereal and among the top ten crop plants (Akar et al., 2004). In 2016, 148.6 million tones barley
produced in the world and 6.7 million tones in Turkey (FAO, 2017).

Several reports had reflected that cadmium has toxic effects on barley seedlings. Demirevska-Kepova et
al. (2006) stated that cadmium stress reduced plant length, biomass and pigment content. Wu et al. (2003)
stated that Cd toxicity caused a concentration and genotype-dependent oxidative stress response in barley
leaves, marked by an accumulation of MDA and the alternation pattern of antioxidative enzymes. Metwally et
al. (2003) reported that salicylic acid mitigated Cd toxicity in barley seedling with different Cd detoxification
mechanisms. Cadmium also affects plant nutrition balance that it decreased significantly calcium and
manganese level in all plant tissues and also iron and zinc concentration in roots while it increased Cu
concentration in roots and also decreased in leaves like other metals (Lachman et al., 2015).

The purposes of the present study were to systematically investigate the effects of cadmium on growth,
pigment content, membrane and water situation of three different barley cultivars. It is also aimed to
determine the relationship between cadmium and nutrient element uptakes and indicated resistant cultivar to
cadmium. This would ensure new suggestions producers as they will have knowledge about resistant cultivars.

MATERIALS AND METHODS

Plant material, growth conditions and Cd Stress

Seeds of barley (Hordeum vulgare L. cvs. Finola, Sentosa and TARM 92) cultivars were obtained from
ProGen seed company. Barley seeds were sterilized in 3% hypochloride solution for five minutes and rinsed.
These seeds were sown in a perlite medium and watered with distilled water until germination in a controlled
climate room (20/18 °C,380 umolm-2/s and 60% humidity (Tiryakioglu et al., 2006). Each pot contains twenty
seeds and a total of 15 pots for each cultivars were maintained. Four-days-old seedlings were watered with
nutrient solution every day (700uM K;04, 100 uM KCI, 2000 uM Ca(NOs),, 750 uM MgS0,, 200 uMKH2PQO,4, 100
UM FeEDTA, 1 uM H3BO3, 1 uM MnSO4, 0,2 pM CuSOq, 0,01 pM (NH4)6M07024.4H,0, 1 UM ZnSO, ). At two-
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leafed-stage, different Cd concentrations (0, 25-50, 100 and 150 uM) were applied to seedlings and CdCl, was
used as a source of Cd. Each application was replicated three times. Stress condition was continued until
harvestingand plants were harvested at three-leafed-stage.
Determination of biomass

Three seedlings were selected randomly for each application and their roots were washed with 0,5
mmol L't CaSO, solution and distilled water (Tiryakioglu et al., 2006). Roots and shoots were separated, both of
their length and fresh weight recorded and dried at 65 C° for 72 hours in drying oven to determine dry shoot
and root matter.

Determination of Chlorophyll Content

Chlorophyll content was measured with using the SPAD-502 chlorophyll meter and recorded as SPAD
value (Chang and Robison, 2003) at harvest day. For this purpose youngest fully expanded leaf was preferred.
Proline Analysis

Proline content of barley seedlings was determined according to protocol suggested by Bates et al.
(1973). Fresh leaf material (0,5 g) was homogenized with 3% sulphosalicylic acid and filtered. Following this, 2
ml homogenate put in a test tube; 2 ml ninhydrin solution (ninhydrin, orthophosphoric acid and acetic acid in
it) and 2 ml acetic acid added. After incubation in boiling water and ice bath gradually, 4 ml toluene added on
samples. Later, samples were read at 520 nm spectrophotometrically and proline concentration of samples
were calculated with standard curve which drown with L-proline.
Determination of Relative Water Content

Relative water content (RWC) was calculated with some modifications of Smart’s method (Smart and
Bingham, 1974). To determine RWC, fresh weight (FW) of four one-cm-length leaf pieces from each application
were recorded and put in distilled water. Following day, the turgor weight (TW) of leaf samples were measured
and the samples were dried at 65 C° for 72 hours to determine the dry weight (DW). RWC was calculated with
the following formula.

RWC (%)= (FW-DW)/(TW-DW)*100
Determination of Membrane Damage

Membrane damage was estimated with lipid peroxidation and electrolyte leakage. For lipid
peroxidation, Hodges et al.’s (1999) protocol was used. 0,5 g fresh leaf sample was homogenized with %80
ethanol and centrifuged 10 minutes at 3000 g. Analysis was continued with two stages with +TBA(%20 TCA ,
%0,01 BHT and %0,65 TBA in it) and TBA solutions (%20 TCA , %0,01 BHT). First stage samples read at 532 and
600 nm; second stage samples read at 440, 532 and 600 nm spectrophotometrically. The product of lipid
peroxidation malondialdehyde (MDA) content was calculated with the following formula.

1. [(ABS s532+TBA)-(ABS goo+TBA)-(ABS 53,-TBA)-(ABS 600-TBA)]=A

2. [(ABS 440+ TBA-ABSe00+TBA)*0.0571)]=B

3. nmol MDA / ml =( A-B)/157 000)*10°

Electrolyte leakage was determined with some modifications Campos et al.’s (2003) method. For this
purpose, four one-cm-length leaf pieces from each were put in distilled water. The second day, the conductivity
of samples were measured with a conductive meter (EC1). Leaf materials were incubated in boiling water and
later put again in same samples. The third day, the conductivity of samples (EC2) were measured again and
electrolyte leakage (ELC) was calculated with the following formula.

ELC (%)= (EC1/EC2)*100
Determination of Cadmium and Nutrient Elements

Three time randomly selected leaf and root samples from each genotype were used to determine
various mineral contents in studied germplasm. For the removal of moisture, samples were firstly dried in an
oven for 48 h at 65°C and then crushed to make powder form which was used for further analysis. 0.2g from
each cultivar was used as sample and 5 ml concentrated nitric acid and 2 ml hydrogen per oxide was used for
the digestion of these samples. Microwave digestion system (MARSxpress, CEM Corp. North Carolina, USA) was
used for the digestion of these samples. Then mineral nutrient concentration in studied germplasm was
determined through the inductively coupled plasma optical emission spectrometer (ICP-OES; Vista-Pro Axial;
Varian Pty Ltd., Australia). Following the criteria suggested by Jackson (Jackson, 1962), P contents were
determined, while K, Ca, Fe, Zn, Cu, Mg, and Mn concentrations were investigated through the atomic
absorption spectrometry (Varian SpektrAA-300, Vienna, Austria) (Beaty and Kerber, 1993).
Calculation of Cadmium Tolerance Index

The cadmium tolerance index was calculated by using dry weight parameter with the following formula
(Wilkins, 1978; Pourghasemian et al., 2019).
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Tolerance index(%)= (Dry weight of Cd- treated plants/Dry weight of untreated plants)*100

Statistical Analysis

All analysis were performed by using the MSTAT-C statistical analysis program and XLSTAT

(www.xlstat.com).

RESULTS AND DISCUSSION

The Effects of Cadmium Stress on Barley Cultivars’ Growth

Cadmium drastically affected on plant morphology as can be seen in Figure 1 and 2; Table 1.

:

k. _LL;A

Figure 1. Effects of increasing cadmium concentrations on barley cultivars’ shoot and root morphology (a and d

for Finola cv., b and e for Sentosa cv., c and f for Tarm 92; Control-25 uM Cd-50 uM Cd, 100 uM Cd and 150 uM
Cd left to right).
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Figure 2. Effects of increasing cadmium concentrations on barley cultivars’ shoot and root growth (a, shoot
height; b, shoot fresh weight; c, shoot dry weight; d,root length; e, root fresh weight and f, root dry weight).
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Table 1. Effects of increasing cadmium concentrations on barley cultivars’ growth and some physiological
parameters.

Applications  Shoot shoot shoot Root Root Root Chlorophyll  RWC ELC Proline MDA

Cultivars height Fre.sh DrY length  Fresh Dry
(mm) ‘(Nr:ég)ht ‘(Nr:ég)ht (mm) weight  weight
(mg) (mg)

Finola Control 277.00 495.83 70.00 123.67 47167 29.17 42.27 ab 94.09 a 9.63 21.73 0.71
Finola 25 uM Cd 264.33  439.17 55.00 138.00 559.17 35.83 41.30 a-c 91.63ab  11.23 20.89 0.78
Finola 50 uM Cd 230.00 420.00 54.17 126.00 408.33 30.00 39.80 b-d 76.38 ¢ 1331  31.04 1.07
Finola 100 pM Cd 225.00 430.83 59.17 128.67 439.17 29.17 39.53 cd 92.82ab  8.90 29.74 1.06
Finola 150 pM Cd 188.00 372.50 51.67 11833 369.17 25.00 38.13 d-f 94.81a 12.15 30.41 1.01
Sentosa Control 302.67 445.83 68.33 121.67 524.17 36.67 42,50 a 73.40c 7.80 27.39 0.35
Sentosa 25 uM Cd 274.00 395.83 57.50 119.67 464.17 30.00 38.50 de 91.26ab  8.52 34.73 0.88
Sentosa 50 uM Cd 281.00 333.33 50.00 108.67 413.33  24.17 37.37 d-f 90.95 ab 8.45 50.22 1.52
Sentosa 100 pM Cd 219.00 324.17 50.83 102.67 387.50 28.33 34.20gh 94.40 a 82.65 31.71 1.12
Sentosa 150 uM Cd 208.00 334.17 49.17 89.00 390.83 25.83 33.27gh 97.70 a 9.10 41.96 1.32
Tarm 92 Control 293.67 464.17 70.83 117.67 411.67 27.50 37.00 ef 82.48 bc 9.18 24.53 0.28
Tarm 92 25 uM Cd 291.67 435.83 65.83 145.33  533.33  35.83 37.33 d-f 81.59 bc 10.01 34.57 1.15
Tarm 92 50 uM Cd 269.00 389.17 55.00 132.33 43250 26.67 35.73fg 90.77 ab 13.65 33.06 0.92
Tarm92 100 pM Cd 256.00 375.83 52.50 104.67 364.17 26.67 32.87h 88.41lab 1179 33.12 1.19
Tarm92 150 pM Cd 236.67 385.83 60.83 110.00 346.67 22.50 34.17 gh 88.33ab 1254 27.09 1.66

F ns ns ns ns ns ns * *x ns ns ns

LSD - - - - - - 2.476 11.33 - - -

CV (%) 6.86 13.13 12.30 12.00 17.34 16.76 4.00 7.77 2235 26.96 65.00

Cadmimum application resulted in decreased shoot length and weight for all three cultivars. Very
recently, Didwania et al. (2019) found a gradual shoot length decrease in onion with an increase in Cd dosege.
Bahmani et al.(2012) recorded 66,3% decrease in shoot length due to Cd application in bean genotypes.
Interestingly, it was obserable that lower Cd dosage didn’t affect root length and resulted an increase in root
parameters in Finola and Tarm 92 cultivars (as seen Figure 2). Our findigs were found in line with the reported
by Tamas et al. (2015), as they stated that lower level of Cd dosage results in increased barley root length. Song
et al. (2017) also found an increase in root length due to Cd application and same was also found in this study.
Among all three cultivars, Sentosa was was found most susceptible one because it was severely effected even
at lowest Cd dosage. Tarm 92 was less affected because its dry weight raised with the lowest Cd concentration,
and at highest concentration it had maximum tolerance index Table 2). Wu et al. (2004) stated that Cd
application results in lower plant biomass.

Table 2. Tolerance Index (%) of barley cultivars against cadmium.

25 um Cd 50 um Cd 100 um Cd 150 um Cd
Finola 92 85 89 77
Sentosa 83 71 75 71
TARM_92 103 83 81 85

The Effects of Cadmium Stress on Barley Cultivars’ on Chlorophyll Content

Cadmium showed sever effects related to chlorophyll contents in barley. A rapid decrease in chlorophyll
content was observed with an increase in Cd dosage. Most visible effect was seen in Sentosa cultivar (Figure
3.a). Cd can inhibit net photosynthesis by causing changes in chloroplast structure and ultimately results in
decreased chlorophyll content (Gallego et al., 1996). Our findigs were confirmed by Zhao et al. (2017) as they
also found decreased chlorophyll contents in maize seedlings during Cd traetment. Decrease in the chlorophyll
contents occurs due to negative effects of Cd on chlorophyll fluorescence and photosystem 2 activity together.
Dobrikova and Apiostolova (2019) comprehensively explained how Cd effects the chlorophyll contents.
According to them, cadmium ions induced changes in the functionality of photosynthetic membranes by
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inhibiting the lipid composition,plastid structure, chlorophyll metabolism and ultimately performance of
photosystems. Therfore, it can be assumed that decline in growth of barley seedlings, may be associated with

photosynthesis inhibition in this study.
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Figure 3. Effects of increasing cadmium concentrations on barley cultivars’ physiological parameters (a,
chlorophyll content; b, proline concentration; c, relative water content; d, Lipid Peroxidation; e,electrolyte
leakage).

Effects of Cadmium Stress on on Proline Content in Barley Cultivars’

Compared with control plants, proline synthesis was induced by cadmium applications (3.b.). Changes in
proline contents were observed with the Cd application. An increase in proline level was observed with an
increase in Cd dosage. Yuanjie et al.’s (2019) found that under higher Cd application, plant is undergoing to
stress and produce higher proline contents. Proline takes part as an osmoprotectant by aiding to membrane
regulation and ROS scavenging. In many plant species, ascent of proline content may show retaining of energy
and also play roles as a stress signal molecule against water deficiency (Hare et al., 1996; Tamas et al., 2008).
Wu et al. stated that proline performed in detoxification of heavy metals by its direct activity or by way of
biosynthesis of chelating compounds (Wu et al., 2004).

The Effects of Cadmium Stress on Barley Cultivars’ on Relative Water Content

All three cultivars exhibited different stances on relative water content against cadmium (Figure 3.c.).
Decrease in relative water content was observed in Finola’s cultivar at 50 uM Cd dose. However, relative water
contents increased with all doses in Sentosa cultivar. Vassilev et al. (1998) found that Cd didn’t have a
significant effect on the RWC of Cd treated young barley plants. Yordanova et al. (2017) stated that Cd did not
effect RWC. De Maria et al. (2013) determined vaiations against cadmium application in sunflower RWC.

The Effects of Cadmium Stress on Barley Cultivars’ on Membrane Damage

Membrane damage was tested with two parameters; lipid peroxidation and electrolyte leakage. Both
parameters, increased with cadmium applications as seen in Figure 3.d and e. Due to cadmium,
malondialdehyde, which is the last compound of lipid peroxidation, was increased and this rise damaged cell
membranes lost their permeability. Following this, electrolyte leakage was increased as shown in Figure 3.e.

Anjum et al. (2015) found that electrolyte leakage and MDA content increased as a response to
cadmium in maize plants likewise to our results. They also found that, Cd could be promoting the production of
reactive oxygen species (ROS), inhibiting electron transport and basic reactions in PS2 (Sandalio et al., 2001).
Also, Yordanova et al. (2017) stated that Cd application caused a higher level of electrolyte leakage in maize
plants, too. It is expressed that, MDA produced as the final compound of membrane lipids peroxidation, so the
MDA level is identified as an indicator of lipid peroxidation against stress (Chaoui et al., 1997; Shamsi et al.,
2010).
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The Effects of Cadmium Stress on Barley Cultivars’ Cadmium and Mineral Content

Cadmium application resulted in metal accumulation in barley root and shoot tissues. All cultivars
reflected higher Cd accumulation in root tissues. Higher cadmium doses resulted in higher metal accumulation
can be seen in Table 3 and 4. In addition to these, Finola cultivar had the highest cadmium concentrations in all
cadmium applications. Our results showed similarity with the findings of Akhter et al. as they cames to know
that barley seedlings retained cadmium in their roots and there is a big difference between root and shoot
cadmium concentration (Akhter et al., 2014). Earlier studies revealed that roots are main area of Cd
accumulation in barley (Tamas et al., 2008) and other plants like sunflower (De Maria et al., 2013), tomato
(Lopez-Millan et al., 2009), soybean (Shamsi, 2010), wheat and maize (Zhao, 2011). Cadmium is easily taken by
plants from solutions of cadmium compounds applied to the soil (Shacklette, 1972) and reaches to other parts
of plant via vascular system in 24 hours.

Table 3 Effects of increasing cadmium concentrations on barley cultivars’ shoot nutrient element and cadmium
concentrations.

Cultivar  Treatment Plant Zn Cu Fe Mn Ca Mg K P Cd
tissue (mg/kg) (mg/kg)  (mg/kg)  (mg/kg) (%) (%) (%) (%)) (%)
Finola Control Shoot 26,27:0,12  35,00:0,26 191,88t1,95 53,76:0,11 1,83t0,04 1,57t0,00 4,87:0,01 0,58+0,00  0,00+0,00
Finola 25 um cd Shoot 29,55:0,11  42,74:0,44 115,62+2,68 56,37+0,03 1,37+0,01 1,52¢0,01 5,17:0,01  0,65:0,00 9,88+0,10
Finola 50 uM Cd Shoot 35,29+0,07  53,18:0,00 73,20+1,07 59,47+0,31 1,54+0,01 1,54#0,00 5,16:0,01  0,74+0,01 40,09:0,01
Finola 100 pM Cd Shoot 31,78+0,78  47,34:2,94 6899+1,12 5580%0,39 1,47+0,04 1,52+0,04 4,96:0,12  0,76:0,06 70,00:0,18
Finola 150 uM Cd Shoot 27,31+0,06  44,96:0,14  71,19+2,29 52,12+0,16 1,14+0,00 1,35+0,01 4,61+0,01  0,70+0,01 73,510,05
Sentosa Control Shoot 30,07£0,04  52,39:0,22  69,79+1,37 56,07+0,11 1,55+0,00 1,56:0,00  5,21:0,00  0,55:0,01  0,00:0,00
Sentosa 25 uM Cd Shoot 31,08£0,91  50,31#2,27 69,63+1,10 56,44+0,23 1,16+0,34 1,49:0,05 5,09t0,11  0,64+0,08 5,59+4,84
Sentosa 50 uM Cd Shoot 31,09+0,00  48,01:0,04 74,18+0,68 54,69+0,09 1,23t0,20 1,55:0,00  4,81:0,00 0,64t0,00 36,860,02
Sentosa 100 uM Cd Shoot 25,13+0,03  42,02:0,17 74,63t1,02 47,08t0,11 1,30:0,00 1,49:0,00  4,73:0,01 0,56+0,01 51,57+4,77
Sentosa 150 uM Cd Shoot 24,9910,10  45,68:0,07 72,91+0,49 46,25+0,31 1,28+0,00 1,42t0,01  4,86:0,00  0,64+0,01 65,82+1,76
TARM
9 Control Shoot 29,16£0,05  42,50£0,15 72,07+0,73 41,69+0,16 1,48+0,01 1,61:0,01  4,63:t0,00 0,69+0,00  0,00+0,00
TARM
9 25uM Cd Shoot 34,79+0,02  52,08t0,04  71,74%+2,24  44,59+0,18 1,48+0,00 1,56:0,00 4,81:0,01  0,67+0,00 7,10%0,09
TARM
9 50 uM Cd Shoot 32,760,03  48,08:0,18 72,81+0,20 42,70+0,31 1,58+0,01 1,61#0,00 4,56:0,01  0,60+0,00 18,39%1,75
TARM
9 100 uM Cd Shoot 28,97+0,03  43,85:0,04 68,60+0,65 39,79+0,26 1,51+0,00 1,55t0,00  4,61:0,00 0,68+0,01 43,66+0,02
TARM
9 150 pM Cd Shoot 28,99+0,07  33,99:0,26  70,48:0,58 39,39:0,04 1,66:0,00 1,5610,00  4,65:0,01 0,79+0,01 57,39:0,01

Effects of Cd application on the mineral concentrations in barley can be seen in Table 3 and 4. In
cadmium polluted soils, it is a high possibility of its competition with nutrient elements. Calcium and cadmium
had many physical similarities with a similar charge and ionic radius (Lachman et al., 2015). Generally, the
competition between calcium and cadmium causes the decrease of calcium content but this is in contrast to
our results. In roots there is no winner of this struggle; in shoots, except for Tarm 92 cv, cadmium affected
accumulation of calcium.

Another mineral competes with cadmium is magnesium. It has same charge to cadmium and calcium. In
a previous study in barley, magnesium nutrition prevented cadmium translocation to shoots (Kudo et al., 2015).
In the present study, magnesium content of roots wasn’t affected with cadmium but in shoots, cadmium
caused decreasing of magnesium level. Fe content in shoots wasn’t affected by cadmium (except Finola cv.),
but in roots, Fe didn’t show a regular increasing or decreasing regime. Brune and Dietz (1995), stated that
transportation of Fe in barley seedlings was hardly affected and this may cause inhibition in the chlorophyll
biosynthesis pathway. In the previous work, the Fe content of Finola and Tarm 92 cvs’, had a similar trend with
chlorophyll level. Same researches found no or little changes in potassium and phosphorus content in roots as
our results, but the phosphorus level in shoots of them didn’t change while potassium decreased against
cadmium. Potassium level of barley shoots in our study, increased in Finola and Tarm 92 cv., but decreased in
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Sentosa cv. Also phosphorus content of barley shoots increased against cadmium except for Tarm 92 cv’s lower
applications.

The shoot manganese, copper and zinc content of the barley seedlings in the present study showed
similar trends against cadmium. The concentration of these microelements increased against low cadmium
applications, later decreased again in higher doses. Zinc content of roots was decreased with increasing
cadmium levels Copper concentration in roots, increased in Finola and Sentosa cvs., but decreased in Tarm 92.
In roots, cadmium prevented accumulation of mangan.

Table 4 Effects of increasing cadmium concentrations on barley cultivars’ root nutrient element and cadmium
concentrations.

. . Zn Cu Fe Mn Ca Mg K P Cd
Cultivar  Treatment Plant tissue . 0 o o o
(mg/kg)  (mg/kg)  (mg/kg)  (mg/kg) (%) (%) (%) (%) (%)
Finola Control Root 43,09+0,06 31,87+0,04 72,00+1,22 32,63+0,36 1,32+0,00 1,67+0,00 2,43+0,01 0,51+0,00 0,00+0,00
Finola 25 uM Cd Root 35,824+0,13 36,83+0,36 71,94+0,20 34,99+0,25 1,67+0,00 1,70+0,00 2,36+0,00 0,57+0,00 251,59+0,82
Finola 50 uM Cd Root 31,75+0,06 34,15+0,04 70,06%0,54 31,47+0,40 1,56+0,00 1,67+0,00 2,47+0,01 0,53+0,01 440,87%0,40

Finola 100 pMm Cd Root 32,97+0,01 36,54+0,11 71,65+#1,07 30,21+0,31 1,60+0,00 1,67+0,00 2,35+0,00 0,62+0,01 547,40+0,53

Finola 150 pM Cd Root 39,07+0,08 39,88+0,04 74,05+0,20 31,99£0,14 1,57+0,00 1,62+0,00 2,32+0,01 0,72+0,01 861,71£0,28
Sentosa Control Root 46,54+0,59 35,74+0,29 73,76+2,78 37,67+0,03 1,52+0,00 1,62+0,01 2,79+0,00 0,66+0,01 0,00+0,00
Sentosa 25 uM Cd Root 33,33%0,39 34,11+0,04 75,54+0,52 33,59+0,20 1,23+0,00 1,67+0,01 2,79+0,00 0,70+0,01 153,84+0,02
Sentosa 50 uM Cd Root 28,39+0,12 43,56+0,04 74,63+1,41 31,42+0,09 5,07£0,18 1,62+0,00 2,22+0,02 0,67+0,01 240,76%0,45
Sentosa 100 uM Cd Root 28,35+0,06 42,14+0,15 74,05+1,32 30,03+0,16 0,99+0,04 1,59+0,01 2,37+0,01 0,74+0,01 408,04+5,12

Sentosa 150 uM Cd Root 33,90+0,43 47,46+0,18 75,38+0,73 64,82£0,52 4,60+0,01 1,35+0,01 2,49+0,00 0,69+0,00 675,57£0,58

TARM 92 Control Root 48,92+0,10 42,24+0,26 75,96+0,97 13,86+0,21 1,00+0,00 1,55+0,01 2,31+0,01 0,72+0,00 0,00+0,00
TARM 92 25 uM Cd Root 46,24+0,29 28,53+0,04 75,51+0,73 9,12+0,26 1,85+0,01 1,67+0,01 2,01+0,02 0,66+0,00 134,05+0,47
TARM 92 50 uM Cd Root 38,23+0,02 41,83+1,04 74,79+#1,12 9,79%0,22 1,48+0,00 1,61+0,00 1,77+0,01 0,70+0,01 275,67+0,31

TARM 92 100 pM Cd Root 37,36x0,03 25,25+0,58 78,17+0,00 8,39%0,15 1,82+0,01 1,62+0,01 1,92+0,00 0,58+0,00 454,24+0,29

TARM 92 150 pM Cd Root 40,46+0,01 26,36+0,40 74,66+1,17 6,66+0,04 1,63+0,00 1,50+0,00 1,77+0,01 0,44+0,01 663,55+0,07

CONCLUSIONS

This study comprehensively explained the harmful effects of Cd on the root, shoot and various mineral
concentrations. It was observed that a rapid decrease in chlorophyll contents was observed with an increase in
Cd concentrations. Proline level and cell membranes (which indicated with MDA ontent and electrolyte
leakege) were also afffected by Cd. An increase in the concentartions of manganese, copper and zinc content
were observed with lower concentartions of Cd. As a result of these, Cd had toxic effects on barley seedlings’
growth, chlorophyll content, biochemical structure and mineral uptake.
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0z

Kavuzsuz arpa, biyoaktif bilesikler ve 6nemli besin maddeleri bakimindan zengin bir tahildir. Bu
calismada, iki kavuzsuz arpa (cv. Ozen ve cv. Yalin) unu, kabul edilebilir duyusal kaliteyi korurken gelismis diyet
lifi, fenolik bilesikler, B-glukan ve antioksidan igerigi de dahil olmak Ulzere yiiksek besin degerine sahip biskivi
Uretme olanaklarini arastirmak igin bugday (cv. Cetinel 2000) unu ile degisen oranlarda (%0, %25, %50, %75 ve
%100) kanistirilmistir. Hammadde olarak kullanilan bugday ve arpa unlarinin kimyasal, fizikokimyasal ve besinsel
icerigi belirlenmis ve biskivilerin fonksiyonel ve kalite 6zellikleri analiz edilmistir. Kavuzsuz tam arpanin tim katki
seviyelerinde biskivi tGretiminde fonksiyonel bir gida bileseni olarak kullanilabilecegi tespit edilmistir. Bugday
ununa arpa eklenmesi kurabiyelerin ¢apini ve yayilma oranini azaltirken kalinhklarini artirmistir. Kurabiyelerin
sertlik degerleri 20,64 N ile 30,45 N arasinda degismis, en yiksek yayilma orani kontrol 6rneginden elde edilirken,
bu deger %100 Ozen arpa unu ile yapilan biskiivilerde 5,24'e, %100 Yalin arpa unu ile yapilan biskiivilerde ise
5,27'ye dusmdistiir. Tekstir 6zellikleri incelendiginde, sertlik degerlerinin katim orani ile arttigi tespit edilmistir.
Arpanin, fonksiyonel gidalarda potansiyel uygulamalara sahip olabilecek zengin bir biyoaktif bilesen kaynagi
oldugu belirlenmistir.

Anahtar kelimeler: B-glukan, kavuzsuz arpa, biskivi kalitesi, tekstar, diyet lif

Effect Of Different Hull-Less Barley Varieties On The Technological, Textural, And
Nutritional Properties Of Cookies

ABSTRACT

Hull-less barley is a crop abundant in bioactive compounds and substantial nutrients. In this study, two
hull-less barley (cv. Ozen and cv. Yalin) flour was blended with wheat (cv. Cetinel 2000) flour at varying ratios
(0%, 25%, 50%, 75%, and 100%) to explore the possibilities of producing cookies with high nutritional value,
including enhanced dietary fiber, phenolic compounds, B-glucan, and antioxidant content, while maintaining
acceptable sensory quality. The chemical, physicochemical, and nutritional content of the wheat and barley
flours used as raw materials were determined, and the functional and quality characteristics of the cookies were
analyzed. It was found that hull-less whole barley can be used as a functional food ingredient in cookie production
at all supplementation levels. Adding barley to wheat flour decreased the diameter and spread ratio of the
cookies while increasing their thickness. The hardness values of the cookies ranged between 20.64 N and 30.45
N., the highest spread ratio was obtained from the control sample, while this value decreased to 5.24 in the
cookies made with 100% Ozen barley flour and to 5.27 in the cookies made with 100% Yalin barley flour. The
texture properties were found that the hardness values increased with the incorporation ratio. It has been shown
that barley is a rich source of bioactive components, which may have potential applications in functional foods.

Keywords: B-glucan, hull-less barley, cookie quality, texture, dietary fiber
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INTRODUCTION

Researchers indicate that functional foods significantly reduce the risk of developing certain types of
cancer, particularly those related to the digestive and cardiovascular systems. These foods also regulate blood
pressure and lower cholesterol and blood sugar levels (Erbas, 2006). Barley adapts better to environmental
conditions than other cereals and can be cultivated under diverse circumstances. Its composition and properties
vary depending on the variety, cultivation conditions, and environmental factors, making it a versatile raw
material for developing various products. While barley was initially cultivated for human consumption, today it
is primarily grown for use in animal feed and the brewing industry (Akdeniz et al., 2004).

Cultivated barley grains are categorized into two primary types depending on their structure: hulled and
hull-less. The seed coat and hull stay affixed to the grain in hulled barley. During the latter stages of the grain-
filling cycle, certain sticky compounds develop between the hull and the grain, inhibiting their separation. Post-
harvest, the hull and seed coat stay affixed to the grain during threshing. In hull-less barley, the hull can be readily
detached from the grain during threshing. The lack of de-hulling in processing enhances the value of hull-less
barley. The absence of hull in barley is governed by a single recessive gene, 'nud,' situated on the long arm of
chromosome 7H (Kéksel, 2016).

Hull-less barley has high digestible protein and energy content and is suitable for blending in bread
production. Recent studies demonstrated its ability to reduce plasma cholesterol due to its B-glucan and high
soluble fiber content, drawing considerable attention to hull-less barley. Beta-glucan is an important dietary fiber
in cereal products, mainly barley, oats, and mushrooms (Ahmad et al., 2012). B-glucan is a linear polysaccharide
composed of glucose monomers linked by B(1->4) and B(1->3) bonds, primarily located in the endosperms of
barley and oats. It is water-soluble and exhibits high viscosity even at low concentrations. The physiological
benefits of B-glucan stem from its effects on lipid and postprandial glucose metabolism. Numerous researchers
have reported an inverse relationship between B-glucan consumption and cholesterol levels (Lattimer & Haub,
2010).

The concentration of B-glucan in grains fluctuates based on pre- and post-harvest practices, growing
circumstances, genetic determinants, and environmental factors (Simsekli and Dogan, 2015). Although B-glucan
is predominantly found in the cell walls of the endosperm, the aleurone cell walls also contain small amounts of
B-glucan. Compared to other cereals, barley and oats have higher B-glucan content, ranging from 3% to 11% and
oats from 4% to 6%. The cell walls of barley contain approximately 70% high-molecular-weight mixed-linkage (1-
3) (1-4) B-glucan (Saldamli, 2014).

Numerous phenolic compounds vary in quality and quantity and are secondary metabolites in plant
metabolism. These compounds help plants defend themselves against certain pests (Saldamli, 2014). The primary
role of antioxidants in nutrition is to prevent oxidative stress that arises from the metabolism of macromolecules
(carbohydrates, proteins, and fats) during the digestive process (Gulesci and Aygtil, 2016). Phenolic compounds,
ascorbic acid (vitamin C), tocopherols and tocotrienols (vitamin E), and carotenoids are among the most
significant antioxidant chemicals found in foods (Perera and Yen, 2007; Meral et al., 2012). Barley has been
observed to possess higher vitamin E levels than other cereals. In research, the vitamin E concentration of 25
barley genotypes varied from 8.5 to 31.5 ug/g. This indicates that barley may have potential uses in functional
foods as a source of vitamin E. Furthermore, barley comprises tocotrienols, isomers of tocopherols, which
function as natural antioxidants. Tocotrienols and tocopherols have shown efficacy in alleviating the adverse
effects of cholesterol. Recognizing that hull-less barley possesses substantial quantities of valuable constituents,
numerous recent research and development studies have concentrated on its application in cereal products
(Hatami Golzari, 2015; Blandino et al., 2015; Malcolmson et al., 2014; Skrbic and Cvejanov, 2011; Hatcher et al.,
2005; Erkan et al., 2006).

In this study, various hull-less barley flour was blended with wheat flour at specific ratios to explore the
possibilities of producing cookies with high nutritional value, including enhanced dietary fiber, phenolic
compounds, B-glucan, and antioxidant content while maintaining acceptable sensory quality.

This study aimed to furnish information for creating hull-less barley foods using several Turkish varieties,
which might be extensively employed in developing diverse barley-based functional foods.

MATERIALS and METHODS
Material

Two types of hull-less barley (cv. Ozen and cv. Yalin) from the Ankara Field Crops Central Research Institute
and a cookie wheat variety (cv. Cetinel 2000) from the Eskisehir Transition Zone Agricultural Research Institute
were used in the study. The Ozen cultivar is a two-rowed, hull-less, awned, medium-long spiking plant with white-
amber grain coloration and a medium-short stature. Yalin is a two-rowed, hull-less, awned, medium-long spiking,
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white-amber grain-colored, and medium-tall plant type. After physical analyses of the wheat sample, it was
tempered to the appropriate moisture content (15.5%) based on the pearling index value. The wheat was then
milled using a Buhler laboratory mill (Buhler MLU 202, Uzwil, Switzerland) according to the International
Approved Methods of the American Association of Cereal Chemists (AACCI) Method No: 26-50 to obtain cookie
flour (Anonymous, 2010).

The hull-less barley varieties were milled using an ultra-centrifugal grinder (Retsch ZM 200, Germany) with
a 500 um sieve and incorporated into the cookie formulation as whole grain flour. Local stores provided the other
ingredients used in the cookie recipe.

The cookie samples were made from blends in which hull-less whole barley flour was added to wheat
flour at varying ratios (0%, 25%, 50%, 75%, and 100%).

Methods

Physical and Chemical Properties of Wheat and Hull-less Barley

The thousand kernel weight analysis for wheat and hull-less barley was conducted using a grain counter
(Numigral 1l, France) according to the method described by Ozkaya and Ozkaya (2005). The hectoliter weight
analysis was performed using a hectoliter measurement device (Ohaus, Chicago, USA) following the method
Ozkaya and Ozkaya (2005) described. The moisture content of the cereals was determined according to AACCI
Standard Method No: 44-15A, while the ash content was measured using AACCI Standard Method No: 08-01
(Anonymous, 2010). The protein content of refined wheat flour and hull-less whole barley flour was determined
using the Dumas method with a nitrogen analyzer (Velp Scientifica NDA 701, Italy), according to AACCI Method
No: 46-30 (Anonymous, 2010). The nitrogen-to-protein conversion factor was set at 5.7 for wheat samples and
6.25 for hull-less barley samples. The ash content of the samples was determined according to AACCI Standard
Method No: 08-01 (Anonymous, 2010).

Physicochemical and Rheological Properties of Wheat Flour

The wet gluten content and gluten index values of the wheat samples were assessed following AACCI
Method No: 38-12A (Anonymous, 2010). The gluten index value was determined by centrifuging the wet gluten,
acquired using gluten washing equipment (Glutomatic® 2200, Perten, Sweden), in a gluten index device
(Centrifuge 2015, Perten, Sweden). The wet gluten extracted from the wheat samples was subjected to drying
for 5 minutes in a gluten drier (Glutork 2020, Perten, Sweden), thereafter chilled, and weighed to ascertain the
dry gluten content (Ozkaya and Ozkaya, 2005). The Zeleny Sedimentation values of the flour samples were
determined according to AACCI Standard Method No: 56-61A, while the Falling Number values were measured
using the Falling Number device (Perten FN 1500, Huddinge, Sweden) according to AACCI Standard Method No:
56-81B (Anonymous, 2010). The samples' Farinograph properties were determined according to AACCI Standard
Method No: 54-21, while the Alveograph properties were measured according to AACCI Standard Method No:
54-50 (Anonymous, 2010).

Preparation of Cookies

The cookie samples were prepared by modifying the AACCI Standard Method No. 10-54 (Anonymous,
2010), incorporating hull-less whole barley flours (Ozen and Yalin) into cookie wheat flour (Cetinel 2000) at
proportions of 0%, 25%, 50%, 75%, and 100%.” The formulation comprised 40.0 g of flour (at 13% moisture), 16.8
g of powdered sugar, 16.0 g of shortening, 0.6 g of high-fructose corn syrup, 0.5 g of salt, 0.4 g of non-fat dry
milk, 0.4 g of sodium bicarbonate, 0.2 g of ammonium bicarbonate, and 8.8 mL of water.

The dry ingredients (powdered sugar, non-fat dry milk, salt, and sodium bicarbonate) were added to the
shortening and combined using a Kitchen Aid mixer (St. Joseph, Michigan, United States). Thereafter, HFCS and
ammonium bicarbonate were solubilized in water and integrated into the mixture to yield a uniform cream.
Ultimately, a blend of wheat flour or a combination of wheat flour and hull-less barley flour was used, and the
mixture was amalgamated to create the dough. The dough is thereafter rolled to a consistent thickness of 6 mm
and cut into circles with a diameter of 60 mm. The cookies were baked at 205°C for 11 minutes.

Physical Characteristics of Cookies
The diameter (mm) and thickness (mm) of the cookie samples were evaluated following AACCI Standard

Method No: 10-54 (Anonymous, 2010). The spread factor of the cookies (W/T) was determined by dividing the
diameter by the thickness.
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Nutritional Properties of Wheat, Hull-less barley and Cookies

The B-glucan content in the samples was enzymatically determined using the B-glucan test kit from
Megazyme, following a modified version of the methods developed by McCleary and Glennie-Holmes (1985),
McCleary and Codd (1991), and McCleary and Mugford (1992). This approach involves degrading glucose units
generated by treating the sample with lichenase and B-glucosidase, utilizing the GOPOD (glucose oxidase-
peroxidase) reagent. The resultant color is quantified for absorbance at 510 nm via a spectrophotometer
(HITACHI U-1800, Tokyo, Japan).

The total dietary fiber content of the samples was determined using the Megazyme total dietary fiber kit,
following AOAC Method No: 991.43 (Anonymous, 2000). The total phenolic content of the samples was
determined using the Folin-Ciocalteu method, as described by Singleton and Rossi (1965) and Gao et al. (2002).
The total antioxidant activity of the samples was determined using the DPPH (2,2-diphenyl-1-picrylhydrazyl)
radical scavenging activity assay, according to the method of Brand-Williams et al. (1995).

Textural and Color Characteristics of Cookies

The textural parameters of the cookie samples (hardness and brittleness) were assessed using a texture
analyzer (TA-XT plus, Stable Micro Systems, UK) following AACCI Standard Method No: 74-09 (Anonymous, 2010).
The breaking force (hardness) values were determined utilizing the three-point bend rig method (load cell: 30
kg, pre-test speed: 1.0 mm/s, test speed: 3.0 mm/s, post-test speed: 10.0 mm/s, distance: 5 mm, trigger force:
50 g). The color values of the cookies were quantified using a Hunterlab MiniScan XE Plus colorimeter (USA) as
follows: L* value [(0) black — (100) white], a* value [(+) red — (-) green], and b* value [(+) yellow — (-) blue]. The
equation presented below (Peressini and Sensidoni, 2009) computes the total color difference (AE*) by deducting
the L*, a*, and b* values of barley flour-enriched cookies from those of the control cookies.

AE* = \[(L* - L*control)? + (a* — a*control)? + (b* — b*control)?

Statistical analysis

The data obtained from the analyses were evaluated using One-Way ANOVA (single-factor analysis of
variance) with SPSS v.20 software (IBM, Armonk, NY, USA), and the differences between sample means were
examined at a significance level of p<0.05.

RESULTS and DISCUSSION

Physical and Chemical Properties of Wheat and Hull-less Barley Kernel and Flour

The hectoliter weight and thousand kernel weights of the Cetinel 2000 wheat were 77.8 kg/hl and 34.4
g, respectively. For the barley samples, the hectoliter weight and thousand kernel weight were 77.1 kg/hl-32.3 g
for the Ozen variety and 80.1 kg/hl-46.0 g for the Yalin variety, with the Yalin variety showing higher values. In
the study conducted by Nohutcu and Soylu (2018), it was reported that the thousand kernel weights of bread
wheat genotypes developed for use in the cookie industry ranged from 34.74 g to 50.13 g, and their hectoliter
weights varied between 73.19 kg/hl and 80.78 kg/hl, showing a similar variation to this study.

Table 1. Physical and chemical properties of wheat and hull-less barley

Hull-less

Analysis Wheat Refined Wheat Flour barley Hull-less barley
inel 2 inel 2 .
(Cetinel 2000) (Cetinel 2000) (Ozen) (Yalin)
1000 Kernel Weight * (g) 77.8+1.7 - 77.1+0.9 80.1+1.3
Hectolitre Weight (kg/hl) 34.4+0.4 - 32.3+0.2 46.0+0.3
i 9 - + +

Moisture Content(%) 12.98+0.02 9.8440.08 10.68+0.1

i * (9 - + +
Protein Content* (%) 10.204+0.03 17.140.09 15.8+0.05

* - + +

Ash Content* (mg/100g) 0.50+0.01 1.9540.02 1.83+0.03
*dry basis

54



Tirk Tarim ve Doga Bilimleri Dergisi 12(1): 51-61, 2025

It has been reported that hull-less barley contains higher crude protein content than hulled barley
(Mitchall et al., 1976). A research by Edney et al. (1992) on 11 hull-less barley samples indicated that the protein
content varied from 12.5% to 17.2%. When examining the protein content of the varieties used in the study, it
was observed that the protein content of Ozen and Yalin whole barley flours was 17.1% and 15.8%, respectively,
while Cetinel wheat flour contained 10.2% protein. The protein and ash content of whole barley flour were higher
than wheat flour's.

Table 2. Physicochemical and rheological properties of wheat flour

Wheat

Analysis (Cetinel 2000)
Flour

Wet Gluten Content* (%) 26.2+0.13
Dry Gluten Content* (%) 8.110.1
Gluten Index (%) 35+0.4
Falling Number*** (s) 390+2.5
Sedimentation Value** (ml) 22+0,5
Farinograph
Water Absorption (%) 51.3+1.3
Development Time (min) 1.3+0.02
Stability (min) 2.5+0.07
Softening Degree (BU) 112+3.7
Alveograph
Energy Value (10 Joule) 90+1.3
/L Ratio 0.5+0.04

*dry basis, ¥**based on 14% moisture, ***based on %15 moisture, BU: Brabender unit

Physicochemical and Rheological Properties of Wheat Flour

Table 2 presents the values related to the flour properties obtained in the study. The wheat flour utilized
in this investigation exhibits wet gluten at 26.2%, dry gluten at 8.1%, a gluten index of 35%, and zeleny
sedimentation values of 22 ml. Zeleny sedimentation is considered an indicator of protein quality and is widely
used by industry professionals. A low sedimentation value (<30) is desired for flour intended for use in the cookie
industry. Wheat with low protein content and weak gluten properties, which is unsuitable for bread making, is
preferred for cookie production.

In a study by Demir (2015) on the use of whole wheat flour and its blends in cookie production, the ash,
protein, wet gluten, gluten index, and zeleny sedimentation values of cookie wheat flour were found to be
0.672%, 9.01%, 23.5%, 81.4, and 20.5 ml, respectively.

The falling number value provides information about the amylase activity in flours. The flour used in the study
had a high falling number value (390 s).

Water absorption, development time, and stability values are expected to be low in flours with low
protein content used for cookies (Dogan and Ugur, 2004). The study identified them as 51.3%, 1.3, and 2.5
minutes, respectively. The extent of softening is anticipated to be significant. Upon examining the alveograph
values, the W (energy) value of Cetinel flour was determined to be 90 x 10™* Joules. The W energy value plays an
important role, particularly in evaluating the bread-making quality of flour. In a study investigating the quality
parameters of wheat flour, the W value for cookie wheat flour was reported to be similar to this study, with an
average of 119.6 x 107*J (Arslan, 2018).
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Nutritional Properties of Flour

The nutritional contents of the wheat and hull-less whole barley flours used in the study are presented
in Table 3. When examining the total B-glucan contents of the flours, it is observed that whole barley flours
contain significantly higher amounts of B-glucan, dietary fiber, and phenolic compounds than wheat flour.

Table 3. Nutritional properties of wheat and hull-less barley flour

Refined Wheat Hull-less barley
. Hull-less barley Flour
Analysis Flour (Ozen) Flour
(Cetinel 2000) (Yalin)
B-glucan content(%) 0.23+0.01 5.10+0.1 5.11+0.1
Total Dietary Fiber* (g/100g) 2.74+0.07 17.87+0.09 18.05+0.1
Total Phenolic Content* (mgGAE/kg) 817.30+1.2 2306.24+23.4 2413.51+25.8
Total Antioxidant Activity* (umolTE/100g) 98.73+4.9 859.30+5.2 979.20+7.5

*dry basis, GAE: Gallic acid equivalent, TE: Trolox equivalent

The total dietary fiber contents of Cetinel wheat flour and hull-less barley flours (Ozen and Yalin) were
found to be 2.74%, 17.87%, and 18.05%, respectively, with the highest amount obtained from Yalin barley flour.
The total phenolic content of the barley flours was found to be 2306.24-2423.51 mg GAE/kg for Ozen and Yalin,
while the antioxidant activity values were 859.30-979.20 umol TE/100 g, with the highest values observed in
Yalin whole barley flour.

Physical Characteristics of Cookies

Table 4 presents the diameter (W), thickness (T), and spread factor (W/T) characteristics of cookies
made by incorporating Ozen and Yalin hull-less whole barley flours in different ratios into Cetinel 2000 flour.

The control sample exhibited a diameter of 71.24 mm, a thickness of 10.54 mm, and a spread factor of
6.76. The control sample exhibited the largest spread ratio, which diminished to 5.24 in cookies prepared with
100% Ozen barley flour and to 5.27 in those manufactured with 100% Yalin barley flour. The elevated dietary
fiber and B-glucan levels in the cookie formulation result in enhanced water absorption, hence diminishing the
cookies' spread factor (Sharma and Gujral, 2014).

The decrease in diameter and the increase in thickness values of the cookies were statistically significant
for all supplementation ratios (p<0.05).

Table 4. Physical characteristics of cookies

Supplementation Diameter (W) Thickness (T) Spread
Cookie Samples level (g/ (mm) (mm) Factor
100 g) (W/T)
0 71.24¢ 10.542 6.76¢
25 70.674 11.42b 6.19d

Ozen Hull-less
Barley 50 69.19¢ 11.75¢ 5.89¢
75 66.76bP 12.45d 5.36b
100 66.202 12.63¢ 5.242
0 71.24¢ 10.542 6.76¢
. 25 68.364 11.05b 6.19d
Ya"g:rll‘;tless 50 67.65¢ 12.06¢ 5.61¢
75 66.37b 12.23d 5.43b
100 65.182 12.38d 5.272

The letters ‘a-e’ within the same column indicate that the differences between the means of different incorporation levels
of the same barley flour are statistically significant (p<0.05).
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Table 5. Nutritional properties of cookies

Total
Cookie Samples Supplementation Total Total Antioxidant
level (g/ B-glucan Dietary Fiber*  Phenolic Content* Activity*
100 g) Content* (%) (%) (mg GAE/kg) (umol TE/100g)
1.892 522.592 81.882
0 0.11@
4,13b 694.45bP 175.70b
25 0.75P
- 6.25b¢ 881.58¢ 265.85¢
Ozen Hull-less 50 1.34¢
Barley
7.98¢ 1161.05¢ 361.70d
75 1.544
11.624 1293.97¢ 412.60°
100 2.41¢
0 0.112 1.892 522.592 81.882
’5 0.73b 4.28b 698.39° 187.30b
Yalin Hull-less 50 1.39¢ 6.65¢ 968.12¢ 292.70¢
Barley
75 1.66d 8.51d 1256.274 383.55d
2.45¢ 12.68¢ 1303.434 447.50¢
100

*dry basis, GAE: Gallic acid equivalent, TE: Trolox equivalent.
The letters ‘a-e’ within the same column indicate that the differences between the means of different incorporation levels
of the same barley flour are statistically significant (p<0.05).

Nutritional Properties of Cookies

The B-glucan, total dietary fiber, phenolic content, and total antioxidant activity values of cookies made
by incorporating different ratios of Ozen and Yalin hull-less whole barley flours into Cetinel 2000 flour are
presented in Table 5. The table shows that the B-glucan and total dietary fiber content of the cookies made by
adding Ozen and Yalin barley flours to Cetinel flour increased with the incorporation ratio (p<0.05). The highest
B-glucan content (2.45%) and total dietary fiber content (12.68%) were found in the 100% Yalin barley flour
cookie.

In a comparable study, various plants served as sources of active components for functional cookie
creation, wherein hull-less barley flour was blended with wheat flour in varying proportions (5%, 10%, 15%, 20%,
30%) to create cookies. It was found that the total dietary fiber content in cookies with 30% hull-less barley flour
increased by 183.85% compared to the control sample. The study also reported that the B-glucan content of
cookies with 30% hull-less barley was 1.82% and that a 100g serving of this cookie could meet 60.67% of the
FDA’s recommended daily intake of B-glucan (3 g) (Hassan et al., 2012).

In a study conducted by Verardo et al. (2010), the total dietary fiber content of a cookie prepared by
incorporating 60% coarse barley fraction into refined wheat flour was found to be 28.3%, while the total dietary
fiber content of the control sample (100% refined wheat flour) was reported to be 4.5%.

Table 5 indicates that the control sample exhibited a total phenolic content of 522.59 mg GAE/kg and a
total antioxidant activity of 81.88 pmol TE/100g. The cookies produced by integrating hull-less barley flour with
Cetinel flour had the highest values when composed entirely of Yalin flour, with a total phenolic content of
1303.43 mg GAE/kg and an antioxidant activity of 447.50 umol TE/100g.

In cookies made with barley flour, barley flour increased the total phenolic content and total antioxidant
activity in proportion to the supplementation ratio. This increase was statistically significant for all
supplementation levels (p<0.05). In a study by Sharma and Gujral (2014), barley contained higher amounts of
phenolic compounds and antioxidant activity than more commonly consumed grains such as wheat and rice. In
the same study, the total phenolic content of cookies made by adding varying amounts of dehulled barley flour
(0%, 25%, 50%, 75%, 100%) to wheat flour ranged from 656 to 2154 ug FAE/g, with an increase in phenolic
content and antioxidant activity observed as the proportion of barley flour increased.
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Textural and color characteristics of cookies

The texture and color characteristics of cookies made by incorporating different ratios of Ozen and Yalin
hull-less whole barley flour into Cetinel flour are presented in Table 6. As shown in the table, the hardness values
of the cookies ranged between 20.64 N and 30.45 N, with the highest hardness value observed in the cookie
made with 100% Yalin barley flour. The brittleness values of the cookies ranged between 38.50 mm and 42.86
mm, with the highest value again obtained from the cookie made with 100% Yalin barley flour. The increases in
the hardness values of cookies with barley flour addition were significant (p<0.05). In contrast, the
supplementation ratio did not significantly affect the brittleness values.

Table 6. Textural and color characteristics of cookies

Supplementation

S(;(r):kllss level (g/ Hardness Brittleness
P 100 g) (N) (mm) L* a* b* AE*
20.642 40.482 -
0
70.74¢ 3.912 19.00¢
25 21.312 41.85b
Ozen 66.544 4.17b 17.53d 4.46
Hull-less 50 25.60° 41.86bc
Barley 64.52¢ 4.48¢ 17.06¢ 6.54
75 27.31¢ 42.51¢
62.74b 4,774 16.96° 8.30
100 28.28¢ 42.06bc
61.282 4.83¢ 16.822 9.75
20.642 -
0
40.48?2 70.74¢ 3.912 19.00¢
, - 25.64°
Yalin 42.77¢ 64.974 4.07b 17.07¢ 6.09
Hull-less 50 25.69
Barley 42.68b 64.38¢ 4.22¢ 17.05¢ 6.66
75 28.62¢
42.78¢ 61.762 4.50¢ 16.86P 9.25
100 30.454
42.86¢ 62.11b 4.344 16.252 9.07

The letters ‘a-e’ within the same column indicate that the differences between the means of different incorporation levels
of the same barley flour are statistically significant (p<0.05).

In a study by Skrbic and Cvejanov (2011), cookies were made by adding hull-less barley flour at different
ratios (0%, 30%, 50%) to refined and whole wheat flour. It was reported that the hardness values increased with
the incorporation ratio of hull-less barley flour for both types of wheat flour. The hardness values of the cookies
made with refined wheat flour were 9.38, 9.63, and 11.7 kg, respectively, while those made with whole wheat
flour were 11.8, 18.1, and 20.2 kg, respectively.

A further study examining the quality attributes of fiber-enriched cookies with different fiber ratios (0%,
5%, 10%) revealed that the hardness values of the cookies ranged from 13.53 N to 21.6 N. The hardness values
rose with increased fiber content (Laguna et al., 2014).

The L* (lightness) and b* (yellowness) values were reduced by the addition of barley flour, while the a*
(redness) value was increased in proportion to the incorporation ratio of barley flour, as observed during the
examination of color characteristics of the cookies.

Table 6 indicates that the control sample exhibited L*, a*, and b* color values of 70.74, 3.91, and 19.00,
respectively. The control sample exhibited the highest L* and b* values, whereas the cookie formulated with
100% Ozen barley flour yielded the highest a* value. The decrease in L* and b* values in the barley flour cookies
was found to be significant for the incorporation ratios (p<0.05). In contrast, the change in a* value was not
statistically significant (p>0.05). In a study conducted by Frost et al. (2011), when barley flour was incorporated
into wheat flour at different ratios (0%, 30%, 50%, 60%, 70%) to make cookies, an increase in the a* (redness)
value occurred with the addition of barley flour, while decreases were observed in the L* (lightness) and b*
(yellowness) values. As the proportion of whole barley flour increased, the AE* value also increased, indicating a
greater color difference. The most significant color difference from the control sample was observed in the
cookie made with 100% Ozen barley flour.
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CONCLUSION

This study used hull-less barley, a rich source of B-glucan, which contains high levels of protein, dietary
fiber, phenolics, and antioxidants, all of which have clinically validated health benefits. The applicability of hull-
less whole barley flour in cookie manufacturing was examined. To achieve this objective, two distinct kinds of
hull-less barley (Ozen and Yalin) were milled as whole grain and included into cookie wheat flour at designated
ratios (0%, 25%, 50%, 75%, 100%) to formulate flour blends utilized in cookie production. The chemical,
physicochemical, and nutritional properties of the wheat and barley flours utilized as raw materials were
assessed, and the functional and qualitative attributes of the cookies were examined. Hull-less whole barley
flours possess markedly elevated levels of protein, B-glucan, dietary fiber, phenolic compounds, and antioxidants
compared to wheat flour.

In the cookies produced, the control sample was selected as the cookie made with 100% refined wheat
flour, and the effect of hull-less whole barley flour addition on the characteristics of the cookies was evaluated.
Adding hull-less whole barley flour increased the cookies' B-glucan, dietary fiber, phenolic compound content,
and antioxidant activity values in proportion to the additional levels. Adding hull-less whole barley flour reduced
the diameter and spread ratio of the cookies while increasing their thickness. When examining the texture
properties, it was found that the hardness values increased with the incorporation ratio of hull-less whole barley
flour. However, incorporating hull-less whole barley did not significantly affect the brittleness. In terms of color,
the cookies' L* (lightness) and b* (yellowness) values decreased with increasing supplementation ratios. In
contrast, adding hull-less whole barley flour increased the a* (redness) value.

Cookies enriched with hull-less barley maintained enhanced nutritional content and potential health
benefits. In conclusion, hull-less barley has been demonstrated to serve as a functional food ingredient in cookie
manufacture across all supplementation levels. Additional research is advised to investigate the possibilities of
hull-less barley in other functional food products. Our research provides valuable insights into the development
of nutritious, functional foods with whole-grain flour from hull-less barley.
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Bu calisma farkli oranlarda NaCl tuzu ve Portakal agacina ait Biochar materyali kullanilarak, NC-7
yerfistiginin gelisimi {izerine olan etkisini arastirmak icin Bingdl Universitesi Ziraat Fakiltesi Tarla Bitkileri
Bolimiinde agik hava sartlarinda saksi denemesi seklinde yapilmistir. 5 farkl biochar dozu (0 kg/da 250 kg/da
500 kg/da 750 kg/da ve 1000 kg/da) ve 4 farkli NaCl dozu (0 mM, 50 mM, 100 mM ve 150 mM) kullanilmistir.
Sonugta; dal sayisi, fide kuru agirligi, kok uzunlugu, kdk yas agirhgini 6nemli 6lgtide etkilerken, bitki boyu, fide yas
agirhg, yaprak alani, K (%) ve Na (mg/kg) Gzerine etkisi ise 6nemsiz bulunmustur. Farkli dozlarda portakal biochar
kullaniimasi, fide yas agirhgi, yaprak alani, kok uzunlugu, kok yas agirligi, K (%), Na (mg/kg) etkisini 6nemli 6lglide
etkilerken, bitki boyu, dal sayisi ve fide kuru agirhgini ise 6nemli 6lgtide etkilememistir. Fide uzunlugu 10,91-12,13
cm, dal sayisi 2,22-3,81 adet/bitki, fide yas agirlig1 4,81- 9,05 g, yaprak alani 36,11-46,72 fide kuru agirligi 5,15-
6,64 g, kok uzunlugu 27,00-39,72 cm, kok yas agirhigr 0.97-2,81 g, K (%) orani %0,777-1,256 ve Na (mg/kg) orani
344,60-670,80 mg/kg arasinda degisim gostermistir.

Anahtar Kelimeler: Yerfistigi (Arachis hypogaea L.), portakal komird, tuz stresi, NaCl.

Effect of Different Doses of Orange Biochar Material on Relieving NaCl Salt Stress: Peanut
(Arachis hypogaea L.) Applications

ABSTRACT

This study was carried out as a pot experiment under open air conditions at Bingdl University, Faculty of
Agriculture, Department of Field Crops to investigate the effect of different rates of NaCl and biochar material
of orange tree on the growth of NC-7 groundnut. 5 different biochar doses (0 kg/da 250 kg/da 500 kg/da 750
kg/da and 1000 kg/da) and 4 different NaCl doses (0 mM, 50 mM, 100 mM and 150 mM) were used. As a result,
number of branches, seedling dry weight, root length and root wet weight were significantly affected, while plant
height, seedling wet weight, leaf area, K (%) and Na (mg/kg) effects were found insignificant. The use of orange
biochar at different doses significantly affected seedling wet weight, leaf area, root length, root wet weight, K
(%), Na (mg/kg), while plant height, number of branches and seedling dry weight were not significantly affected.
Seedling length 10.91-12.13 cm, number of branches 2.22-3.81, seedling wet weight 4.81-9.05 g, leaf area 36.11-
46.72, seedling dry weight 5.15-6.64 g, root length 27.00-39.72 cm, root wet weight 0.97-2.81 g, K (%) ratio 0.777-
1.256 and Na (mg/kg) ratio 344.60-670.80 mg/kg.

Keywords: Peanut (Arachis hypogaea L.), Biochar, salt stress, NaCl.
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INTRODUCTION

Since the effect of temperature on the growth and development of the peanut plant is important, it is
very sensitve to hot conditions. As the temperature increases, the vegetation period (growing period) gets
shorter. The generative period of peanut is more sensitive to temperature than the vegetative period is, and
when the air temperature is over more than 40 °C during the period the plant is fully flowered and fruit formation
occurs, the number of flowers increases, while pod set, pod weight and seed yield decrease (Boydak, 2020).
Groundnut grows well in calcareous, sandy and sandy-loamy soils (Sirtcl et al., 2013). Groundnut oil is dull
yellow in colour and has distinctive taste and aroma characteristics (Celik et al., 2000). Due to the high oil
concentration in its seeds, its use as a suitable raw material for biodiesel production is being investigated (Celik
and Boydak, 2019). The oil in the seeds consists of oleic acid (40-65%), lineleic acid (20-40%), palmitic acid (5-
10%) and stearic acid (3-7%). The proportion of fatty acid components is affected many factors such as irrigation,
drought and fertilisation (Boydak et.al., 2010). Since peanut is a legume plant, its green parts, stem parts and the
residues (meal) remaining after the oil is extracted are utilised as feed for animals. In groundnut, especially after
fruit harvest, the upper body is a source of animal dutrition for especailly during dry seasons (Kdkten et al., 2014).
Salt stress causes significant disorders on the physiological structures of plants. It has been reported (to have
negative effects on plant growth and development, leaf area, bud formation and stomata, impaired fertilisation
and small fruits (Onder and Ucar, 2021). Like many plants, peanut plant is quite sensitive to water stress during
flowering and pod filling period. In crop production, adequate irrigation and soil moisture are important factors
for the formation of plant pods (Balci and Boydak, 2021). It is known that salt stress causes negative effects on
plant growth and development due to osmotic stress and toxic effects of sodium chloride (Na-Cl) ions. The
increase in leaf chloride concentration changes the nutrient balance and water potential of the plant and reduces
growth by affecting carbon dioxide assimilation. It was found that in legume plants under salt stress between 50
mM and 200 mM sodium chloride, plant growth was inhibited and significant yield decreases were observed
(Turhan, 2020). Plants are more sensitive to salinity at the seedling stage than at the germination stage. It has
been reported that if the salt exposure period of plants is in the vegetative development stage, the development
of all plant organs is suppressed, but stem development is more affected than root development (Bulut, 2007).
Biochar is the production of various organic waste materials by low temperature pyrolysis method. When the
biochar formed by this method is added to the soil, it stays in the soil for a longer time while decomposing slowly.
Thus, it provides an alternative way to utilise the wastes generated in urban areas and agricultural production
(Elmasoglu et al., 2022). Pyrolysis occurs when plants remain in anearob, hot environments. Energy sources such
as oil, coal, natural gas, charcoal, etc. are examples of pyrolysis. The most well-known biochar production is the
one produced from wood charcoal (Akgtil, 2017). Biochar (bio-coal) can hold 6 times its own weight of water in
the soil. This ensures that elements such as phosphorus and nitrogen from the soil are more easily taken up by
plants and a good nutrient medium is obtained for the development of plants. Biochar generally shows basic
characteristics. When they are added to the soil, they regulate the soil pH by increasing the pH values of especially
acidic soils (Akgul, 2017). Thus, biochar improves soil biodiversity and soil performance, reduces its sensitivity to
weather conditions and the need for fertiliser inputs, contributes to the improvement of soil quality and
consequently increases crop productivity. The nutrient content (especially N content) of biochar derived from
plant materials is generally low compared to other organic fertilisers (Da Silva et al., 2021). Some researches
related to the study are given below: Germination and emergence time and sensitivity index increased
significantly with increasing salt content. Germination index, emergence rate and index, seedling and root length,
wet and dry seedling and root weight, and salt tolerance decreased significantly (Kurtulus and Boydak, 2022). A
greenhouse experiment was established with soils taken from saline and non-saline areas of Harran Plain. In
saline soils, PS biochar was found to be more effective than the control. At the same time, it was determined
that the use of low dose of PS biochar material in non-saline soil and high dose in saline soil was more effective
(Ozyavuz, 2017). It was determined that salt stress had no effect on stem length, wet and dry root weight in
peanut (Yolci et al., 2021). As a result of the study carried out in order to prevent the lignite coal ash from causing
environmental pollution and to benefit from the properties of the ash in the waste state, it was determined that
the application of coal ash mixed with soil at a rate of 5% or less enriches the soil with plant nutrients such as
nitrogen, organic matter, plant-useful potassium, copper, manganese, iron, calcium, zinc, magnesium (Yilmaz,
2015). It was observed that the use of humic + fulvic acid + K and leonardite had a positive effect on the yield
and yield components of summer rapeseed variety Heros. It was determined that 10.000 ml ha-1 dose of humic
acid + fulvic acid + K dose gave the most appropriate results (Girsoy and Kolsarici, 2017). Leonardite and
inorganic fertilisation significantly affected stem length, root length, stem wet weight, wet root weight, plant
dry weight, root dry weight and number of leaves of tomato plants. However, the effects of the treatments on
the number of flowers and stem diameter were found to be insignificant (Demirkiran et al., 2012). It was
determined that Si application reduced the stress effect of salt on bean seedlings. At 100 and 200 ppm Si doses,
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favourable results were obtained for root and stem length, root and stem wet and dry weights and leaf area
index (Oral et al., 2020). It was reported that phosphorus, proline, sodium (Na+) and chloride (Cl") contents of
chickpea (Cicer arietinum L.) plants increased but potasium (K*) content and dry weight decreased in sodium-
chloride (NaCl) stress (Ozcan et al., 2000). A study was carried out to investigate the effect of NaCl salinity on
plant height, number of leaves, number of internodes, internode lengths, wet and dry weights of leaves, stems,
roots and some minerals uptake (Fe, Ca, Mg, Mn, Na, K, Zn) of Eresen 87, Filiz 97 broad bean varieties grown in
perlite medium prepared by adding 50 and 100 mM NaCl to Hoagland solutions containing KNOs (Potassium
Nitrate) and CH3COOK (Acetic Acid). As a result of this study, it was determined that the pod varieties, which are
moderately sensitive to salt, were affected by ambient salinity, although not very severely, and that the pods do
not have an inhibitory and protective mechanism against salinity (Bulut, 2007). Starting from 25 mM salt dose,
Na accumulated in the above-ground plant parts. However, it was determined that 25 mM NaCl dose had a
positive effect on some traits examined in some varieties. However, it was reported that increasing salt doses
negatively affected plant growth (Zambi, 2019). It was reported that increasing salt doses prolonged the
germination rate and emergence rate and therefore negatively affected seedling development (Balci and Boydak,
2021). When characteristics (plant height, first pod height, number of pods per plant, number of grains per plant,
100 grain weight and grain yield) were examined, 100 kg da* leonardite application gave the highest values in
both years of the study (Ucar et al., 2020). It was concluded that as the dose of organic materials increased, the
amount of organic matter (OM), total nitrogen, plant-useful phosphorus, potassium and pH (except FZ) of the
soil increased while the amount of plant-useful copper decreased, and iron decreased at the application level of
6 tonnes da-1. Plant-useful manganese and zinc contents of soils decreased as the biochar application dose
increased. As a result of the research, among all the properties examined, the highest effect of organic material
applications, except for pH and nitrogen, was obtained from hazelnut husk and the lowest effect was obtained
from biochar applications (Tarakgioglu et al., 2019). While the positive effect of irrigation water with salt content
less than 4 dS m™ was determined (on plant growth and development parameters), the negative effect was
determined in plants irrigated with saline irrigation water higher than 4 dS m™. The increase in the salt content
of irrigation water affected the increase of sodium content in the leaf and root parts of the plant (Aydinsakir et
al., 2015). Leonardite and salt doses were statistically significant in terms of root length, shoot length, root wet
weight and shoot wet weight. In the uptake of macro and micro elements, potassium and phosphorus decreased
while sodium increased. In leonardite applications, there was an increase in the amount of potassium and sodium
and no change in the amount of phosphorus. It was reported that leonardite application had a positive effect on
plant growth and ion uptake in bean plants exposed to salt (Kiyas, 2020). It was determined that the biochar
applied to the soil positively affected the total weight and green parts weight of tomato plants with increasing
biochar application dose, while green parts length, flowering period, number of leaves and stem diameters varied
statistically according to the biochar application dose. It was reported that Leonardite biochar positively affected
the green parts of the plant, while oak charcoal positively affected the root part of the plant seedling (Oztiirk,
2022). It was reported that 3000 kg/da applications caused an increase in the amounts of micro and macro
elements in the plant, and 1000 kg/da application had the highest effect on grain yield and grain weight of the
plant. When the effect of leonardite on the wet weight and biomass of the plant was examined, it was concluded
that the highest value was obtained from 3000 kg/da dose (Girocak, 2022).

The aim of the presnet study is to have an idea about whether groundnut grown in soils containing
excessive amounts of NaCl can contribute to the reduction of the negative effect of salt in the soil by using orange
biochars.

MATERIAL AND METHOD

The research was conducted as a pot experiment under open air conditions in 2021 at Bingdl University,
Faculty of Agriculture, Department of Field Crops. In the experiment, NC-7 peanut variety NaCl salt (4 doses),
Orange biochar (5 doses) were used as materials and established on 12 June 2021. The soil used was taken from
a depth of 0-30 cm in the field in Glivegli village of Bingdl province and sieved through a 4 mm sieve, and 5 kg of
soil was weighed and used for each pot. Characteristics of the pots used: Low specific gravity , floatable in water,
good dimensional stability against high humidity and temperature. It is an insulating material. Surface roughness
value is low. Expansion coefficient is high after exposure to temperature. It is not resistant to weather conditions.
It may oxidise. It interacts with solvents containing chlorine, nitric acid and other strong oxidisers. Melting
temperature is 130-170 degrees. It is non-toxic. Characteristics of irrigation water; salinity is low (470 mS/cm),
Ph value is close to neutral (7,41), Ca (2,67 mEq/It) and Mg (3,88 mEq/It) contents are at medium level, carbonate
is absent, bicarbonate is at low level (0,49 mEq/It), Cl content is low (1,33 mEq/It), Na content (25,29 ppm) is at
medium level (Avci, 2019).
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Table 1. Soil analysis results

pH Salinity Organic matter Lime (%) P (kg/da) K (kg/da)
8,09 0,011 0,36 6,91 2,86 18,18
Slightly alkaline  Unsalted Low Medium Low Medium

According to the results of soil analyses presented in Table 1, the soil structure of the research area was
slightly alkaline and moderately calcareous, non-saline, with moderate potassium content, moderate
phosphorus content and low organic matter content.

Table 2. Climate data of Bingdl province

Monthly average Monthly total precipitation (mm) Monthly relative humidity (%)
Months temperature (°C)
2021 Long years 2021 Long years 2021 Long years
average average average
June 24,4 22,2 1,8 21,1 30,2 44,3
July 28,4 26,7 0,2 6,9 28,6 37,2
August 27,3 26,7 3,9 4,9 31,0 36,0

Thirty-one years of data, averaged over many years, between 1990 and 2020, were evaluated.

The average temperature recorded during the months of the experiment (June - July) was 24.4 - 28.4°C
in 2021 and 22.2 - 26.7°C for over years. The amount of precipitation is 1.8 - 0.2 mm in 2021 and the long-term
average is 21.1- 6.9 mm. Relative humidity is 30.2-28.6% in 2021 and 44.3 - 37.2% for over years. The experiment
was carried out according to the factorial design in randomised plots with 4 replications, 5 different biochar doses
(0 kg/da 250 kg/da 500 kg/da 750 kg/da and 1000 kg/da) and 4 different NaCl doses (0 Mm, 50 Mm, 100 Mm
and 150 Mm) were used. Grouping was done according to TUKEYS. After soil analysis, N-P-K fertilisers were
applied to each pot at the rate of 6 kg/ha per decare by mixing with soil. 5 kg of soil was added to the pots and 5
peanut seeds were sown in each pot. After emergence, 3 plants were left in each pot by thinning. After the pots
were first irrigated with normal tap water until the field capacity was reached, the solutions prepared according
to 4 different NaCl doses (0 Mm, 50 Mm, 100 Mm and 150 Mm) were added to the pots. Subsequent irrigations
were carried out with drip irrigation method once a week until the soil reached the field capacity. Necessary
measurements were made when the plants started to flower. Plant height (cm), number of branches (pcs/plant),
root length (cm), leaf area (cm?), seedling wet weight (g), seedling dry weight (g), root wet weight (g), plant K
(potassium) determination, plant Na (sodium) determination, plant P (phosphorus) determination were
analysed.

RESULTS AND DISCUSSION
Plant Height (cm)

The groups of Biochar and NaCl treatments on the mean values of plant height of groundnut are given in
Table 4.2. The highest mean plant height value was obtained from B;so Biochar treatment with 11,78 cm and the
lowest value was obtained from Bsgp and Bigoo treatments with 11,20 cm. The highest average plant height was
obtained from No with 11,59 cm and the lowest average was obtained from N3 with 11,07 cm. It was determined
that salinity negatively affected plant growth and decreased plant height, and biochar did not significantly reduce
this negative effect (Table 3).

Table 3. Average values of the plant height and groups formed in Biochar and NaCl applications of peanut

Biochar NaCl
NO N1 N2 N3 Average

BO 12,11 10,96 10,91 11,28 11,32
B250 11,48 11,99 12,13 11,51 11,78
B500 12,11 10,92 11,258 10,49 11,20
B750 11,07 11,49 12,02 11,09 11,42
B1000 11,19 11,27 11,36 11,00 11,20
Average 11,59 11,33 11,54 11,07
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Yolci et al. (2021), the effect of different amounts of salt applied to peanut on plant growth was
investigated. As a result of the study, the effect of salt stress on stem length was found to be statistically
insignificant. In the study on groundnut, it was determined that increasing salt amounts did not significantly
affect plant height. In the study conducted by Ozbay (2012), the effect of humic acid application on plant height
in pickled cucumber grown in still water culture was not statistically significant. Biochar applied to peanut did
not significantly affect plant height, which is in parallel with the study in which humic acid was applied.

Number of Branches (pcs./Plant)

The mean values of the number of branches of peanut for biochar and NaCl treatments are given in Table
4. The highest average number of branches was obtained from B;so treatment with 3,28 and the lowest value
was obtained from By treatment with 2,83. The highest average number of branches of NaCl treatment was
obtained from Ng treatment with 3,33 and the lowest average was obtained from N3 treatment with 2,82. It is
known that salinity has a negative effect on plant growth. In order to overcome or reduce this negativity, biochar
material treatments used in this study increased the number of plant branches under non-saline conditions (Np).
It was determined that this positive effect continued to decrease with the increase in the amount of salt.

Table 4. Average values of the number of branches and groups formed in Biochar and NaCl applications of peanut

Biochar NaCl
NO N1 N2 N3 Average

BO 3,33 2,58 2,57 2,83 2,83
B250 2,91 3,22 3,56 2,22 2,98
B500 3,06 3,00 3,00 3,33 3,10
B750 3,55 3,22 3,44 2,91 3,28
B1000 3,81 3,07 2,78 2,78 3,11
Average 3,33 3,02 3,07 2,82

Gursoy and Kolsarici (2017) reported that the effect of different humic acid doses applied to summer rape
(Brassica napus ssp. oleifera L.) in Leonardite-coated soil on the number of branches of the plant was significant
at p<0.01 level in the first year, while a significant difference was found at p<0.05 level in the number of side
branches in the second year. When the effect of biochar on the number of branches of peanut on the number of
branches was examined, it was found to be significant at the level of 0.01, although the treatments were not the
same, it is in parallel with the study. As a result of many previous studies on biochar, it was reported that the
number of branches of the plant increased with the increase in the amount of biochar. Demirkiran et al. (2012)
reported that leonardite application used as fertiliser had a significant effect on the number of leaves of tomato
plant. Oztiirk (2022) reported that the number of branches increased with the increase in the dose of Leonardite
and oak charcoal applied to tomato plant. In parallel with the results of the research, it was reported that biochar
applied to peanut also had a significant effect on the number of branches. The findings obtained from the
researches and the results of this study show that orange charcoal, like leonardite, can be used as a fertiliser in
organic and sustainable agriculture.

Seedling Fresh Weight (g)

The mean values of seedling wet weight (g) of peanut for biochar and NaCl treatments are given in Table
4.6. The highest average seedling wet weight (g) of biochar treatment was obtained from Bigo treatment with
7,56 g and the lowest value was obtained from By treatment with 6,05 g. The highest average seedling wet weight
of NaCl treatment was obtained from N, treatment with 7,06 g and the lowest average was obtained from N;
treatment with 6,61 g. The biochar material used to reduce the negative effect of salinity on plant growth had a
positive and significant effect on seedling wet weight measurements (Table 5).

Table 5. Average values of seedling fresh weight and groups formed in Biochar and NaCl applications of peanut

Biochar NaCl

NO N1 N2 N3 Average
BO 7,47 abc 5,38 bc 4,81 c 6,55 abc 6,05B
B250 6,25 bc 6,56 abc 7,63 ab 7,06 abc 6,87 AB
B500 6,44 abc 6,78 abc 6,22 bc 6,80 abc 6,56 AB
B750 7,41 abc 7,11 abc 7,58 ab 6,97 abc 7,27 A
B1000 6,14bc 7,22 abc 9,05a 7,82 ab 7,56 A
Average 6,74 6,61 7,06 7,04
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Previous studies have also reported that biochar used to reduce the negative effect of salt has a positive
effect. In Kiyas 2020, it was determined that the effect of salt and leonardite doses applied on bean plants on
seedling wet weight of the plant was significant. It was determined that an increase in seedling wet weight was
observed in parallel with the increase in the amount of leonardite. Oztiirk 2022 reported an increase in seedling
wet weight with the increase of oak and leonardite charcoal doses applied to tomato plants. Giirocak 2022
determined that leonardite applied to chickpea (Cicer arietinum L.) plant significantly affected seedling wet
weight. The increase in seedling wet weight with the increase of biochar applied to groundnut is similar to the
studies on the positive effect of biochar application on seedling wet weight.

Leaf Area (cm?)

The mean values of leaf area (cm?) of peanut for biochar and NaCl treatments are given in Table 6. The
highest average leaf area was obtained from Bo treatment with 45,85 cm2 and the lowest value was obtained
from B;so treatment with 38,72 cm?. The highest average leaf area of NaCl treatment was obtained from Ng
treatment with 42,68 cm2 and the lowest average was obtained from N; treatment with 39,52 cm? (Table 6).

Table 6. Average values of the leaf area and groups formed in Biochar and NaCl applications of peanut

Biochar NaCl

NO N1 N2 N3 Average
BO 45,96 45,96 46,72 44,73 45,85 A
B250 42,55 43,09 38,03 43,16 41,71
B500 40,17 36,25 39,10 40,82 39,098
B750 45,58 36,11 36,93 36,26 38,72B
B1000 39,13 36,20 44,45 44,06 40,96
Average 42,68 39,52 41,05 41,81

It is known that salinity has a negative effect on plant growth. In this study conducted under saline
conditions, it was understood that the effect of biochar material on the average leaf area of peanut was different,
while it gave the highest value in the By application, this effect decreased in the following applications, but
increased again in the Biggo application. Oral et al. 2020 determined that the amount of salt applied at different
rates affected the leaf area index in their study on bean plant. The highest leaf area index value was obtained
from the control (0 mM) application. In the study on peanut, No (0 mM) is in parallel with the measurement of
the highest leaf area index.

Seedling Dry Weight (g)

The mean values of seedling dry weight (g) of groundnut for biochar and NaCl treatments are given in
Table 4. The highest average seedling dry weight of biochar treatment was obtained from Bigoo treatment with
6,02 g and the lowest value was obtained from B, treatment with 5,60 g. The highest average seedling dry weight
of NaCl treatment was obtained from N, treatment with 6,15 and the lowest average was obtained from N;
treatment with 5,43 g. The effect of these levels of salinity on seedling dry weight was not negative.

Table 7. Average values of seedlig dry weight and groups formed in Biochar and NaCl applications of peanut

Biochar NaCl
NO N1 N2 N3 Average

BO 6,15 5,17 5,23 5,84 5,60
B250 5,15 5,65 6,64 6,13 5,89
B500 6,03 5,19 5,33 6,00 5,64
B750 5,72 5,71 6,37 5,99 5,95
B1000 5,16 5,43 7,19 6,31 6,02
Average 5,64 b 5,43 b 6,15 a 6,05 a

Kiyas 2020, it was reported that there was a decrease in seedling dry weight parallel to the increase in the
amount of salt, and an increase in seedling dry weight parallel to the increase in the amount of leonardite in bean
plants treated with different salt and leonardite levels. Ozyavuz 2017, when the seedling dry weight of eggplant
plant in saline and non-saline soils of biochar applications were examined, it was determined that the amount of
biochar increased the seedling dry weight in parallel with the increase in the amount of biochar, while saline soils
significantly decreased the seedling dry weight of the plant. Oztiirk 2022 stated that the increase in the amount
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of leonardite applied to tomato plant increased the seedling dry weight of the plant. The relationship between
the salt doses applied to groundnut and the effect on bean and aubergine plants were parallel to each other. In
parallel with the increase in the amount of biochar applied to tomato, aubergine and bean plants, it was
determined that the dry weight of seedlings increased in parallel with the biochar application applied to peanut.

Root Length (cm)

The mean values of root length of groundnut for biochar and NaCl treatments are given in Table 8. The
highest average root length of biochar treatment was obtained from B, treatment with 35,03 cm and the lowest
value was obtained from Bigoo treatment with 29,55 cm. The highest average root length of NaCl treatment was
obtained from N, treatment with 35,61 cm and the lowest average was obtained from N3 treatment with 30,24
cm. It was observed that biochar used to manage salinity stress had a positive effect on root length up to Bsso
application dose. It was determined that salinity stress could be managed in terms of root length until N3, the
last dose of salt application.

Table 8. Average values of the root lenght and groups formed in Biochar and NaCl applications of peanut

Biochar NaCl

NO N1 N2 N3 Average
BO 34,17 38,67 35,22 32,06 35,03 a
B250 33,77 37,56 35,33 28,50 33,79 a
B500 34,78 33,83 35,50 35,00 34,78 a
B750 32,67 28,78 39,72 25,83 31,75 b
B1000 27,00 29,14 32,25 29,80 29,55 b
Average 32,48 AB 33,60 AB 35,61 A 30,24 8B

In Kiyas 2020, a decrease in root length was found parallel to the increase in salt ratios. In parallel with
the increase in leonardite ratios, a positive relationship was found in root length. Oztiirk 2022, in his study,
stated that the use of leonardite and oak charcoal at different rates applied to tomato plants had a positive effect
on root length. The results of salt and biochar application at different rates applied in peanut are in parallel with
the studies. Balci and Boydak (2021) examined the effect of NaCl salt applied at different rates on the
development of plants in their study on rapeseed plant, Kurtulus and Boydak (2022) on safflower plant.
Considering the effect on root development, they determined that there was a decrease in root length parallel
to the increase in salt content. In many salinity studies conducted on peanut and other plants, it has been
reported that salinity restricts root development in plants and there is a decrease in root length in parallel with
the increase in salt doses applied (Aydinsakir et al., 2015; Kiyas, 2020; Oral et al., 2020; Ucar et al. 2020).

Root Wet Weight (g)

The mean values of root wet weight (g) of peanut for biochar and NaCl treatments are given in Table 9.
The highest root wet weight (g) was obtained from B treatment with 2,16 g and the lowest value was obtained
from Biooo treatment with 1,11 g. The highest root wet weight (g) of NaCl treatment was obtained from No
treatment with 1,84 g and the lowest value was obtained from Ns treatment with 1,56 g. It is known that salinity
has a negative effect on plant growth. In order to eliminate or reduce this negativity, a positive effect of biochar
material applications used in this study in terms of root wet weight was observed at N; and N, salt levels of Byso
dose, but this effect could not be observed in other applications.

Table 9. Average values of the root wet weight and groups formed in Biochar and NaCl applications of peanut

Biochar NaCl
NO N1 N2 N3 Average

BO 2,81a 2,01 bed 1,86 bcd 1,57 bed 2,16 A
B250 1,95 bcd 1,57 d-g 1,94 bcd 1,62 c-g 1,77 8B
B500 1,77 b-e 1,48 d-g 1,91 bcd 1,78 bcd 1,74 B
B750 1,72 b-f 2,38 ab 2,29 abc 1,06 fg 1,87 B
B1000 097g 1,10 efg 101g 1,36 d-g 1,11C
Average 1,84 A 1,71 AB 1,80 A 1,56 B

Balci and Boydak (2021) reported a decrease in plant root wet weight in parallel with the increase in the
amount of salt at different rates applied to different rapeseed varieties. Zambi (2019), it was reported that there
was a decrease in the root wet weight of the plant in parallel with the increase in the amount of salt when looking
at different rates of salt doses applied to some pea varieties. (2020), the effect of different rates of silicon and
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salt doses on bean (Phaseolus vulgaris L.) plant was investigated. It was reported that increasing salt doses
stressed the plant and affected the water intake, which negatively affected the development of the plant and
caused a decrease in wet root weight. Ozyavuz (2017), the mean values on the root wet weight of aubergine
plants grown in saline and saline soils showed a significant difference. It was determined that there was a
significant decrease in the root wet weight of eggplant plants grown in saline soils. When the results of two
different biochar applications were examined in the study, it was stated that there was not much difference
between the biochars in the increase of plant root wet weight, but when the general averages of the doses were
examined, it was stated that there was an increase between the doses compared to the control. When the effects
of biochar and salt concentrations applied to peanut were analysed, it was found to be in parallel with previous
studies. It was observed that parallel to the increase in the amount of salt applied to peanut, there was a decrease
in the root wet weight of the plant, and parallel to the increase in the amount of biochar, there was an increase
in the root wet weight.

Ratio of K (Potassium) in Plant (%)

The mean values of K (%) of peanut for biochar and NaCl treatments are given in Table 10. The highest
average K (%) of biochar application was obtained from By application with 1,177% and the lowest value was
obtained from Bsgo application with 0,953%. The highest mean K (%) of NaCl application was obtained from Ny
application with 1,09% and the lowest mean was obtained from N; application with 1,05%. When the effect of
salinity on the potassium uptake of the plant was analysed, it was observed that this effect was not significant,
and Bo and Bysg applications of biochar treatments provided the most positive increase in K content averages. It
was determined that Byso application decreased the salinity stress, which was also understood from the
interaction values.

Table 10. Average values of the ratio of potassium and groups formed in Biochar and NaCl applications of peanut

Biochar NaCl

NO N1 N2 N3 Average
BO 1,197 1,256 a 1,197 1,057 b- 1,177 A
B250 1,210 ab 1,160 a-e 1,120 a-g 1,200 1,173 A
B500 1,017 e- 0,777 0,970 fgh 1,047 b- 0,953 C
B750 1,130 a- 1,090 a-g 1,030 c-h 0,900 hi 1,038 B
B1000 0,900 hi 0,957 gh 1,027 d- 1,160 a-c 1,011 B
Average 1,09 1,05 1,07 1,07

Kiyas (2020), in a study on bean plant, it was determined that leonardite application had a significant
effect on K (potassium) value, leonardite applied at certain ratios increased K content, and the positive effect of
leonardite decreased in parallel with the increase in salt content. Yilmaz (2015) reported that the use of coal ash
in agricultural soils increased the potassium concentration in the soil with 5% or less ash. Tarakgloglu et al. (2019)
reported that biochar produced from hazelnut shell increased the K (potassium) that the plant can use in the soil
in a certain incubation period. When we look at the biochar application applied to peanut, it shows that the most
positive result was obtained from the B,sp application against salinity and thus there is a similarity between the
studies and the results found.

Ratio of Na (sodium) in plant (mg/kg)

The mean values of Na (mg/kg) of peanut for biochar and NaCl treatments are given in Table 11. The
highest mean value of Na (mg/kg) of biochar application was obtained from B1oo application with 521,00 mg/kg
and the lowest value was obtained from B,so application with 417,86 mg/kg. The highest mean of NaCl application
was obtained from N, application with 508,17 mg/kg and the lowest mean was obtained from Noapplication with
422,46 mg/kg. It is known that salinity has a negative effect on plant growth. In addition, it is also known that
sodium is a plant nutrient element and the plant needs this element to some extent. When evaluated in this
context, it was observed that sodium element increased with salt applications, but decreased again at N3 dose.
In addition, it was observed that biochar applications had a positive effect on Na uptake of the plant.
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Table 11. Average values of the ratio of sodium and groups formed in Biochar and NaCl applications of peanut

Biochar NaCl
NO N1 N2 N3 Average

BO 408,40 450,00 487,20 595,95 485,39
B250 360,45 490,65 426,95 393,40 417,86
B500 503,35 344,60 497,85 465,90 452,93
B750 412,70 550,45 458,05 487,65 477,21
B1000 427,40 501,10 670,80 484,70 521,00
Average 422,46 467,36 508,17 485,52

Kiyas (2020) reported a positive correlation between the increase in the amount of Na with the increase
in leonardite and salt doses applied to bean plants. Zambi (2019) reported that the amount of Na accumulated
in the above-ground parts generally increased as the salt doses applied to pea plants at different rates increased.
Bulut (2007), when the seedling development of broad bean plant was examined, it was determined that a high
amount of Na accumulated in roots, stems and leaves with increasing salinity. Ozcan et al. (2000) reported that
salt stress applied to three different chickpea varieties increased Na accumulation in the plant. Aydinsakir et al.
(2015), as a result of the research on how salt stress affects the development of peanut, stated that the increase
in the salt content of irrigation water caused an increase in the amount of Na in the leaves and roots. The findings
we obtained as a result of the applications applied to peanut are in parallel with the previous studies. EImasoglu
et al. (2022) stated that biochar can be used to improve saline soils and increase soil fertility. They stated that
carbonisation of the wastes generated as a result of agricultural practices and reapplication to the soil will
contribute positively to our soils which are poor in organic matter.

Ratio of P (Phosphorus) in plant (%)

The effects of salt stress on phosphorus content in the plant and the effects of biochar applications in
reducing it were examined and found to be statistically significant. The average phosphorus content decreased
at N; dose and increased at N, and N3 doses (Table 12).

Table 12. Average values of the ratio of Phosphorus and groups formed in Biochar and NaCl applications of
peanut

Biochar Nacl
No N1 N> N3 average
BPo 0,368 a 0,300 bcd 0,307 bc 0,303 bc 0,320 A
BP1 0,267 c-f 0,267 c-f 0,280 cde 0,270 cde 0,271 CD
BP, 0,247 ef 0,227 f 0,283 cde 0,272 cde 0,257 D
BP3 0,259 def 0,287 cde 0,299 bcd 0,300 bcd 0,286 BC
BP4 0,267 c-f 0,291 cd 0,301 bcd 0,338 ab 0,299 B
Average 0,282 BC 0,275 C 0,294 AB 0,297 A

The average phosphorus content of biochar treatments was highest in the control, decreased in BP; and
BP, treatments, and increased slightly in BP; and BP, treatments. When the effects of interaction were analysed,
the lowest phosphorus content was found in BP,N; treatment and the highest phosphorus content was found in
the control (BPgNp) treatment (Table 12). Salinity quitely impairs the growth and physiology of plants. The
responses of plants to salinity stress may be different. Biochar applications have attracted increasing interest in
recent years as a potential soil amendment agent under stress conditions. Our findings are in parallel with the
following studies. Biochar (2, 4 and 6%) obtained from maize was used to increase this resistance of Glycyrrhiza
uralensis Fisch. (liquorice), a legume and salt-tolerant plant, and it was found that biochar increased nodule, root
length, N and K concentrations in the plant under saline conditions (Egamberdieva et al. 2021). The growth of
Suaeda salsa treated with biochar derived from wheat straw and phosphorus fertilisation in saline-sodic soil was
investigated and it was found that the treatments showed a significant (P < 0.05) negative (antagonistic)
interaction on plant P concentration. This was explained by the fact that when biochar and P fertilisation were
applied together, phosphate precipitation/sorption reaction occurred in saline-sodic soil and plant P availability
decreased in saline-sodic soil (Xu et al. 2016). In a study, the use of biochar (control, 10% and 20% addition) to
ameliorate saline soil (non-saline, 6, 12 dS m-1 NaCl) was considered and the development of bean (Phaseolus
vulgaris L.) seedlings was examined for this purpose. The results showed that salt increased sodium (Na)
concentration in leaves and roots. (Farhangi-Abriz, S., & Torabian, S. (2018).
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In a study investigating the plant growth and nutrient content status of the application of biochar (0,
30 and 45 g) in saline conditions (0, 1 and 1.5%), as a result, B4551.5 application had an effect on plant height,
number of plant leaves, leaf area and above-ground fresh -It was determined that it increased dry biomass and
root fresh-dry biomass. Similarly, the highest total phosphorus (TP) in maize shoot was observed in B30S1, B0OS1.5,
CK and BOS1.5. It has been reported that the highest TN, TP, TK and Na concentrations in the root were obtained
in the BOS1 application, respectively (Soothar et al. 2021).

CONCLUSIONS AND RECOMMENDATIONS

According to the results of the present research, the application of a certain amount of orange charcoal
to the soil had an important effect on some physiological properties of peanut plant. It was concluded that it
reduces the negative effect of salt. It was concluded that the use of materials containing organic matter has a
positive effect on soil fertility and plant growth in many ways. It can be said that the stress caused by increasing
the salt concentration in the seedling stage of peanut plant can be reduced by the application of orange biochar.
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oz

Bitkiler bulunduklari ¢evre iginde bliyiime, gelisim ve fotosentezini engelleyen farkh sekillerde
meydana gelebilen olumsuz kosullara maruz kalabilmektedirler. Kursun (Il) asetat, bitkilerin bliyiime ve
gelismesini sinirlayan toksik bir agir metaldir. Salisilik asit, bitkiler tarafindan sentezlenebilen ve
bitkilerin bliylime ve gelisiminde 6nemli rol oynayan bir fitohormondur. Bu ¢alismada, materyal olarak
Tlrkiye’de tarimi en fazla yapilan ve hayvan beslenmesinde kullanilan yem bitki tiirii baklagillerinden
yonca (Medicago sativa L.) bitkisinin Erzurum genotipi kullaniimis ve kursun (ll) asetat (Pb(CH3COO),),
salisilik asit (SA) ve kombinasyon uygulamalarinin bitki Gzerinde cesitli bitki blyliime parametreleri,
biyokimyasal analiz ve miRNA ifadesi Uzerine etkileri arastinlmistir. Bitkiler, 25°C sicakhk 16/8
fotoperiyot ve %60 neme ayarlanmis bitki blylitme kabini icerisinde 28 giin boyunca biyutilmus ve
ardindan uygulama asamasina gegcilmistir. Bitkilere uygulanan konsantrasyon uygulamalari kursun (1)
asetat (100 ve 1000 ppm), salisilik asit (0.5 mM ve 2 mM) ve kombinasyonlari seklinde olup,
konsantrasyonlar bitkilerin topragina 8 giin boyunca 40 ml ¢6zelti seklinde uygulanmistir. Bu siire
sonunda bitkiler hasat edilerek yapilan uygulamalarin kok ve bitki uzunluklari (cm) ile kdk ve yaprak yas
agirhklari (g), MDA icerigi ve miRNA156 gen anlatim seviyesi lzerine olan etkileri arastirilmistir. Calisma
sonucunda, kursun (Il) asetat (100 ve 1000 ppm), uygulamalarinin bitkinin kék ve bitki uzunluklari ile
yaprak ve kok yas agirhklarini azalttigi, MDA igerigini siddetli artirdigi ve miRNA156 gen anlatim
seviyesini asagl regiile ederek bitkinin bliylime ve gelismesini olumsuz etkiledigi, buna karsin salisilik asit
(0,5 mM ve 2 mM) uygulamalari bitkinin kék ve bitki uzunluklari ile yaprak ve kok yas agirliklarini
artirdigl, MDA igerigini azalttigi ve miRNA156 gen anlatim seviyesini yukari regiile ederek bitkinin
blylme ve gelismesini sagladigi tespit edilmistir.

Anahtar kelimeler: Medicago sativa L., Kursun (1) asetat, Salisilik asit, Lipit peroksidasyonu, miRNA156

Effects of Lead (1) Acetate and Salicylic Acid on Growth, Biochemical Parameters and
miRNA156 Gene Expression in Medicago sativa L.

ABSTRACT

Plants can be exposed to unfavourable conditions in their environment that can occur in
different ways that prevent them from growing, developing and photosynthesising. Lead (Il) acetate is a
toxic heavy metal that limits the growth and development of plants. Salicylic acid is a phytohormone
that can be synthesised by plants and plays an important role in plant growth and development. In this
study, Erzurum genotype of alfalfa (Medicago sativa L.), one of the most widely cultivated forage
legume plants in Tirkiye and used in animal nutrition, was used as material and the effects of lead (ll)
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acetate (Pb(CHsCOO),), salicylic acid (SA) and combination treatments on various plant growth
parameters, biochemical analyses and miRNA expression were investigated. Plants were grown for 28
days in a plant growth chamber adjusted to 25°C temperature, 16/8 photoperiod and 60% humidity and
then the application phase was started. Concentrations of lead (ll) acetate (100 and 1000 ppm), salicylic
acid (0.5 mM and 2 mM) and their combinations were applied to the soil of the plants as 40 ml solution
for 8 days. At the end of this period, the plants were harvested and the effects of the treatments on root
and plant lengths (cm), root and leaf wet weights (g), MDA content and miRNA 156 gene expression
level were investigated. As a result of the study, lead (ll) acetate (100 and 1000 ppm) treatments
decreased the root and plant lengths and leaf and root wet weights, increased the MDA content
severely and down-regulated the miRNA156 gene expression level and negatively affected the growth
and development of the plant, On the other hand, salicylic acid (0.5 mM and 2 mM) treatments
increased root and plant lengths, leaf and root wet weights, decreased MDA content, and up-regulated
miRNA156 gene expression level and promoted plant growth and development.

Key words: Medicago sativa L., Lead (1) acetate, Salicylic acid, Lipid peroxidation, miRNA156

GIRIS

Yonca (Medicago sativa L.), baklagiller familyasina ait yem bitkileri icerisinde 6énemli bir yere
sahip olan ve llkemizde ekim alani en fazla yapilan bir bitkidir (Yolcu ve Tan, 2008). Yonca, yem
bitkilerinin kraligesi olarak bilinir ve diinya ¢apinda yaklasik 32 milyon hektarda yetistirilen dnemli bir
yem baklagilidir (Song ve ark., 2019). Yonca, yiiksek protein, mineraller (Ca, Mg, S, K ve Zn) ve vitamin
icerigi ile en iyi yem bitkileri arasinda yer alir ve hayvanlarda lezzetli bir yem olusturur (Radovic ve ark.,
20009). Yil igerisinde birkag kez hasat edilebilen yonca, verimi yiksek, islenebilir glicli bir bitkidir. Bundan
dolayi da hayvancilikta direkt yem, saman, silaj ve yesil glibre olarak kullanilmaktadir (Ozkose, 2018).
Dahasi, kokleri derinlemesine niifuz eder, béylece daha derin toprak seviyelerinden Ca, K ve P saglayarak
verimli Ust toprak alanini zenginlestirir (Zhang ve ark., 2019). Ayrica Rhizobium bakterilerinin simbiyotik
ozellikleriyle iliskili azot emme kabiliyeti nedeniyle toprak verimliligini artirdigi i¢in stirdirdlebilir tarim
icin de oOnemlidir (Tabande ve ark., 2022). Yonca ve iliskili gram-negatif toprak bakterileri
(Rhizobium tiirleri), agir metallerden ciddi sekilde etkilenir ¢linki agir metaller simbiyozun verimliligini
ve dolayisiyla yoncanin azot baglama yetenegini azaltir (Li ve ark., 2014). Yoncanin agir metal
kontaminasyonu, hayvancilikta da yaygin olarak kullanildigi i¢in hayati 6neme sahiptir. Diinya ¢apindaki
mahsul bitkilerinin kalitesini ve UGretkenligini etkileyen cevresel kirleticilerin diizeylerinin artmasina
insanoglunun tarimsal ve endistriyel faaliyetleri yol agmaktadir. Bu nedenle gevresel kirleticilerin zararli
etkilerini azaltma ya da ortadan kaldirma olanaklarini anlamak ve incelemek hayati 6nem tasimaktadir
(Alloway, 2013). Biyosfere salinan zehirli maddeler bitkiler dahil tim canh organizmalari etkiler. Agir
metaller, topragin butinlGgi ile bitki saghgl acisindan 6nemli bir sorun olusturmaktadir. Mahsullerin
kirlenmis olmasi gida veya yem pazarlarinda kiiresel riskler olusturmaktadir (Gan ve ark., 2020). Agir
metal kelimesi, bilim camiasinda farkli tanim ve yorumlar ile tartismalar yaratmis olsa da genel olarak
metalik 6zelliklere sahip kimyasal elementler grubu olarak tanimlanmaktadir (Duffus, 2002). Agir
metallerin temel ve zorunlu olmayan iki ana kategorisi mevcuttur. Bitkilerde temel agir metaller mikro
elementler olarak da islev gorurler ve en 6nemlileri; demir (Fe), ¢inko (Zn), bakir (Cu), kobalt (Co),
molibden (Mo), manganez (Mn), vanadyum (V) ve nikeldir (Ni) (Rai ve ark., 2019). Temel agir metallerle
ilgili olarak iki buyik endise s6z konusudur. Birincisi, bitkilerin gelismesinde basarisizliga yol agabilecek
ve fotosentetik tretimde azalmaya neden olabilecek element eksikligidir. ikincisi ise elementlerin toksik
semptomlara ve 6liime sebebiyet verebilecek yiiksek doz ya da uzun siireli diislik dozda asiri kullanimidir
(Dimkpa ve Bindraban, 2016). Zorunlu olmayan agir metaller ise, kadmiyum (Cd), krom (Cr), civa (Hg),
kursun (Pb) ve arsenik (As) olup bu elementler toksik etki gdsterebilmektedir (Rascio ve Nvari-izzo,
2011). Agir metaller icerisinde yer alan gevresel kirlilige neden olan ve toksik madde bulunduran kursun
bulundugu ortamlardan bitkiler araciligiyla absorbe edilerek doku ve organlarda biriktirilmektedir
(Nriagu, 1992). Pb, As'tan sonra ikinci en tehlikeli maddedir (Pourrut ve ark., 2011). Kursunun, kaynaklari
olarak kémirin yakilmasi, depolama bataryalari, cevherlerinin madenciligi ve eritilmesi, endustri atik
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sulari, metal kaplama gibi ¢ok sayida 6rnek verilebilmektedir (Gottesfeld ve ark., 2018). Bitkiler igin
zorunlu olmayan kursun elementi bitln bitkilerde dogal olarak bulunmaktadir (Dere ve Dogan, 2020).
Ancak kursun stresine maruz kalan bitkilerde kursunun asiri birikmesi durumunda bitkilerde kok
uzamasinda, biyokitlede, enzim aktivitelerinde, klorofil biyosentezinde (Kieffer ve ark., 2008), tohum
cimlenmesinde (Yang ve ark., 2010), fide biylmesinde ve mineral besin aliminda azalma (Kopittke ve
ark., 2007) gibi ¢cok sayida fizyolojik ve biyokimyasal olumsuz sonuglar ortaya ¢ikmaktadir. Salisilik asit
(SA), 2-hidroksi benzoik asit olarak da bilinir ve renksiz, kristal bir yapiya sahiptir (Arteca, 1996). Bitkiler
tarafindan sentezlenen salisilik asit, bitkinin tim organlarinda mevcuttur (Raskin, 1992). Aromatik bir
halkaya sahip olan salisilik asit bitkiler tarafindan Gretilen sinyaller olarak gérev almaktadir (Li ve ark.,
2002). Bitki hormonlarindan biri olan salisilik asit, bitkilerin blyiime ve gelismesinde, olgunlasma ve
ciceklenmesinde, biyotik ve abiyotik (sicaklik, kurakhk, tuzluluk, disiik sicaklik, agir metal gibi) streslere
karsi tepkilerin dizenlemesinde énemli rol oynamaktadir (Hara ve ark., 2012). Salisilik asit, bitkide stoma
kapanmasini ve gen ekspresyonunu etkilemektedir (Fu ve ark., 2012). Agir metallerin neden oldugu
reaktif oksijen tirleri (ROT) hasarlarina karsi antioksidan savunma sistemini calistirarak bitki korumasi
saglamaktadir (Chen ve ark., 2016). Yapilan ¢alismalar salisilik asidin bitki Gzerindeki etkisinin ¢evresel
faktorlere, uygulama sekline, doz uygulamasina ve bitki cesidine gore degistigini gostermistir. Salisilik
asidin dusik dozlarda biyimeyi uyardigl buna karsin yiksek doz kullaniminda biyimeyi engelledigi ileri
surtlmistir (Bagautdinova ve ark., 2022). Bitin bu bulgular salisilik asidin agir stres kosullarinda
bitkinin toleransini artirabilecegini gostermektedir. miRNA, (mikroRNA) 20-24 nikleotid uzunlugunda,
kiigik, tek sarmala sahip, protein kodlamayan ve gen ifadesinin temel denetleyicisi olan RNA
molekulleridir. miRNA’lar hedef mRNA’lara baglanarak mRNA’yi1 keserek veya inhibe ederek gen
ifadesinin negatif yonde dizenlenmesini saglarlar (Jones-Rhoades, 2012). Biyotik ve abiyotik stres
faktorlerine karsi ¢cok sayida miRNA’lar tanimlanmistir (Zhou ve ark., 2008). Son dénemlerde yapilan
cahismalar miRNA’larin stres faktorlerine karsi 6nemli rol oynadigini gostermektedir. Kuraklik, tuzluluk,
disuk ve ylksek sicakhk gibi abiyotik stres faktorleri bitkilerin bliyime ve gelismesinden sorumlu
miRNA’larin ifadelerini degistirmektedir (Shriram ve ark., 2016). miRNA’larin aktivitesi hem yukari hem
de asagl regiilasyon olmak Uzere iki sekilde gerceklesmektedir. miRNA aracili gen regiilasyonu, bitkilerin
abiyotik strese verdigi yanitlar da dahil olmak tizere farkli yollarda kritik neme sahiptir. Agir metal stresi
sirasinda miRNA’lar sulfatlarin asimilasyonu ve tahsisi, fitohormonlarin sinyalizasyonu, antioksidan
temizleyicilerin aktivasyonu ve biyogenez miRNA'lari igin metal stresine duyarli metabolik yollarda yer
alan cesitli genleri hedef alirlar. Agir metal strese yanit veren bazi miRNAlar; miR156, miR159, miR162,
miR166, miR171, miR390, miR393, miR395 ve miR396 olmak Uzere cesitli bitki tlirlerinde Brassica
juncea, B. napus, M. truncatula, O. sativa ve Phaseolus vulgaris gibi genom ¢apinda tanimlama yoluyla
tanimlanmistir (Yang ve Chen, 2013). Cogu miRNA'larin, metalik strese yanit olarak bitkilerin dogal
bliyime ve gelisme sirecine katilan transkripsiyon faktorlerini hedef aldigi gézlemlenmistir. miRNA156,
bitkilerde bolca bulunan, miRNA ailesi icerisinde yliksek oranda korunan ve ilk olarak da Arabidopsis
thaliana bitkisinde kesfedilmis, 20 nikleotit uzunlugundaki miRNA’dir. miRNA156’nin 2 hedef geni
vardir. Bunlar; SBP/SPL (SQUAMOSA promotor baglayici protein) gen ailesidir. miRNA156, SPL gen ailesi
tyelerinin ifadesini diizenleyerek bitkilerin blyiime ve gelismesini saglar (Xie ve ark., 2006).

Yonca (Medicago sativa L.) bitkileri, agir metal etkilerini ve bunlarin hafifletilme potansiyelini
inceleyen nispeten az sayida ¢alismanin konusu olmustur. Bu baglamda, bu c¢alismada (Pb(CH3COO),)’nin
farkh konsantrasyon (100 ve 1000 ppm) toksisitelerine maruz kalan yonca (Medicago sativa L.)
bitkilerinde tolerans mekanizmalarinin gelistirilmesi hedefi ile SA’nin farkh konsantrasyon (0.5 ve 2 mM)
uygulamalarinin blyime parametreleri, biyokimyasal analiz ve molekiler diizeyde etkilerinin
belirlenmesi amaglanmistir.

76



Tiurk Tarim ve Doga Bilimleri Dergisi 12(1): 74—86, 2025

MATERYAL ve METOT
Bitki Materyali, Biiyiime Kogullari ve Uygulamalar

Bu calisma, 2024 yilinda Kafkas Universitesi Yasam Bilimleri ve Teknolojileri Uygulama ve
Arastirma Merkezinde yapilmistir. Materyal olarak Ulkemizde tarimi en fazla yapilmakta olan yonca
(Medicago sativa L.)’nin (Avcioglu ve ark., 2009) Erzurum genotipine ait tohumlari kullaniimistir.
Tohumlar bolgenin yerel giftgilerinden temin edilmistir. Medicago sativa L. tohumlari dncelikle %75’lik
etil alkol igerisinde yikanmis ardindan %5’lik sodyum hipoklorit (NaClO) ticari gamasir suyunda 15 dk
sterilize edilmistir. Son olarak tohumlar saf su ile birka¢ kez yikanarak ekime hazir hale getirilmistir.
Tohumlarin ekimi daha 6nceden hazirlanmis olan toprak:perlit:torf (1:1:1) karisimi iceren viyollerde
yapilmis ve her bir viyole esit sayida tohum ekilmistir. Ekim sonrasi viyoller 25°C sicaklik 16/8 uzun giin
fotoperiyodu ve %60 neme sahip bitki bliylitme kabini igerisine alinarak yetistirilmeye birakilmislardir.
Her bir viyolde bulunan fideler hasat edilinceye kadar (4 hafta) yalnizca esit miktarda su ile
sulanmiglardir. 28. giin bitkilere kursun (Il) asetat (Pb(CHsCOO),), salisilik asit (SA) ve kombinasyon
uygulamalari yapilmaya baslanmistir. Uygulamalarin konsantrasyonlar literatlir arastirmalarina ve 6n
¢alismaya gore belirlenmistir (Altun ve Orcan, 2024). Kontrol dahil toplam dokuz grup olusturulmustur.
Gruplar; Pb(CH3COO), (100 ve 1000 ppm), SA (0.5 mM ve 2 mM) ve kombinasyonlar (100 ppm
Pb(CH3COO0); + 0.5 mM SA, 100 ppm Pb(CH3COO0), + 2 mM SA, 1000 ppm Pb(CH3C0O0), + 0.5 mM SA ve
1000 ppm Pb(CH3COO0); + 2 mM SA) seklindedir. Konsantrasyon ¢ozeltileri ise (Pb(CH3COO), ve SA) su ile
¢Ozdirulerek hazirlanmistir. Her bir viyole 40 ml ilgili ¢bzeltiler topraktan ilave edilmis ve uygulamalar 8.
gin sonlandinlmistir. Uygulama siiresi boyunca kontrol bitkileri olarak esas alinan viyole ise yalnizca su
uygulamasi yapilmistir.

Biilyiime Parametreleri

8. guin sonunda bitkiler hasat edilerek kok ve bitki uzunluklari hassas bir cetvel ile 6l¢lilmus, kok
ve yaprak yas agirliklar ise hassas terazi ile belirlenmistir. Hasat edilen bitkilerin kokleri analiz
yapilincaya kadar -80°C’de muhafaza edilmistir.

Lipit Peroksidasyonunun Belirlenmesi

Bitkilerde malondialdehit (MDA) igerigi lipid peroksidasyonun son Urlni olarak ifade edilir
(nmol g Taze Agirlik). MDA icerigini belirlemede Heath ve Packer (1968) tarafindan anlatilan yontem
kullanilmistir. Oncelikle 0.2 g taze bitki 6rnegi tartildiktan sonra sivi nitrojen kullanilarak havan igerisinde
ezme islemi yapilmistir. 2 ml %0.1’lik trikloro asetik asit (TCA) ile homojenize edildikten sonra homojenat
15000 rpm’de 15 dakika santriflij edilmistir. Sipernatant kismindan 1 ml alinip, Gzerine 1 ml %20’lik TCA
ve 1 ml %0.5'lik tiobarbitirik asit (TBA) eklenmistir. 100°C’lik su banyosunda 40 dk inkiibe edildikten
sonra buz banyosuna hizlica alinarak sogutuldu ve 10000 rpm’de 10 dk santrifiij yapildiktan sonra
sipernatant kismi alinarak 532 ve 600 nm dalga boylarinda 3’li biyolojik tekrar seklinde absorbans
olcima yapilmistir (Heath ve Packer, 1968).

RNA izolasyonu ve cDNA Sentezi

Toplam RNA izolasyonu, RNA Mini Kit kullanilarak Greticinin talimatlarina gore yapilmis ve
bitkilerin kéklerinden elde edilmistir (PureLink™/Cat. No. 12183018A). izole edilen kok RNA érneklerinin
kalite ve miktarlari (260/280) nanodrop (Thermo Scientific Multiscan) cihazi kullanilarak belirlenmistir.
cDNA sentezi i¢in izole edilen RNA o6rnekleri ile stem loop primer ve “RevertAid First Strand cDNA
Synthesis Kit (Thermoscientific/Cat. No. K1622)” protokilt kullanilmistir. miRNA156 stem loop primer
(GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA CACTGGATACGACTGTGCT) NCBI veri tabanina gore
dizayn edilmistir.
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Real-Time qPCR

miRNA156’nin gen ifadesindeki degisikligini tespit edebilmek icin “Hot Firepol Evagreen Real-
Time gPCR Supermix 5x (Solis Biodyne/Cat. No. 08-36-00001)” kullanilmis ve kit protokoliine gore
gerceklestirilmistir. Protokol kisaca, Solis Biodyne Evagreen Supermix 2 pl, ileri primer (F-
5'ACCGGGGTGACAGAAGAGAGAG-3') 0.2 pl, geri primer (R-5CCAGTGCAGGGTCCGAGGTA-3') 0.2 ul,
cDNA 2 pl, Nukleaz Free Water (distile su) 5.6 ul olmak tizere toplam 10 pl hacimde gergeklestirilmistir.
Reaksiyon protokoliinde kullanilan miRNA156 ileri ve geri primer setleri miRbase (mikroRNA dizisi
veritabani kullanilarak tasarlanmistir. Referans gen olarak 6U (F-5' TCGGGGACATCCGATAAAAT-3' ile R-5'
TTTGTGCGTGTCATCCTTGC-3") kullanilmistir (Shu ve ark., 2016). Reaksiyon kosullari ise, 95°C'de 12 dk
pre-denetlirasyon asamasini takiben, 40 dongi 95°C'de 15 sn, 58°C’de 20 sn, 72°C’'de 20 sn seklinde
gerceklestirilmistir. PCR reaksiyonunun spesifikligini kontrol etmek igin PCR Urlnleri erime egrisi analizi
ile kontrol edilmistir. Reaksiyonlar her bir 6rnek icin 3 biyolojik tekrar seklinde galisilmistir. Reaksiyon
sonucunda elde edilen veriler ile gen ifadesindeki degisiklikler (2-22¢t) yéntemiyle hesaplanmistir (Livak
ve Schmittgen, 2001).

istatistiksel Analiz

istatistiksel degerlendirme igin SPSS 17.0 paket programi kullanilmistir. Calisma 3 tekrarli olarak
yapilmis verilerin ortalamasi; Ug tekrarin ortalamasi + standart sapma seklinde verilmistir. Elde edilen
veriler Gzerinde tek yonli varyans analizi testi (ANOVA) yapilmis ve ortalamalar arasindaki farkliliklar
Duncan Testi ile karsilagtiriimistir. P<0.05 olan degerler istatistiksel bakimdan anlamli kabul edilmigtir.

BULGULAR ve TARTISMA

Pb(CH3COO0);, SA ve Kombinasyon Uygulamalarinin Medicago sativa L. bitkisinde
Biiyiime Parametreleri Uzerine Etkileri

Medicago sativa L. fideleri Uzerine uygulanan Pb(CH3COO),, SA ve kombinasyon
uygulamalarinin biyime parametreleri Gzerine etkisi (bitki ve kok uzunlugu) Cizelge 1’ de, kok ve yaprak
yas agirhgi ise Cizelge 2’de verilmistir.

Bitki ve kok uzunlugu (cm)

Tim uygulamalar arasindaki bitki uzunluklari Cizelge 1’e bakildiginda 9.16 ile 24.5 cm araliginda
degisiklik gostermistir. Pb(CH3COO),'nin iki farkli konsantrasyonunun da bitkinin boyunu azalttigl,
konsantrasyon miktari arttikca bitki boyundaki azalmanin daha siddetli gerceklestigi goriilmustir. SA’nin
uygulanan iki farkli konsantrasyonlari ise kontrol grubuna goére karsilastirildiginda bitki uzunlugunu
artirmistir. Konsantrasyon arttikca bu artisin daha fazla oldugu gorilmektedir (p<0.05). En distk bitki
uzunlugu kontrole gore %56 azalma ile Pb(CH3COO),'nin yiksek konsantrasyonu 1000 ppm
uygulamasinda goriliirken, bitki uzunlugundaki en yiksek artis %17 oranla SA’nin  yiksek
konsantrasyonu olan 2 mM uygulamasinda gergeklesmistir. Pb(CH3COOQ), ve SA’nin kombinasyon
uygulamalari degerlendirildiginde,kombinasyon uygulamalarinin kontrole goére bitki uzunluklarini
azalttig fakat Pb(CH3COO);'nin her iki konsantrasyonu ile karsilastirildiginda bitki uzunluklarini artirdigi
gorialmustar. Agir metal stresinin bitki uzunluklari Gzerine olan etkileri ile ilgili yapilan calismalara
bakildiginda kursunun farkli konsantrasyonlarinin 11 farkli susam (Sesamum indicum) bitkisi Gzerinde
yapilan bir arastirmasinda artan konsantrasyona bagl olarak bitki uzunluklarinin azaldigi ve biiyiimenin
olumsuz etkilendigi bildirilmistir (Kaya ve ark., 2019). Kivircik salata (Lactuca sativa var. crispa) bitkisi
Gzerinde kursunun 150 ve 300 ppm’lik uygulamasinin yapildigi bir calismada 300 ppm kursun
uygulamasinin bitkinin uzunlugunu en fazla etkiledigi bildirilmistir (Kiran, 2015). Benzer sekilde Alzahrani
ve ark. (2020) yildiz gicegi (Dahlia variabilis Cav) Uzerinde yapmis olduklar bir calismada kursun agir
metalinin tim konsantrasyonlari (0, 100, 500 ve 5000 mg kg) bitki uzunluklarini, kontrole gére 6nemli
derecede azalttigini bildirmislerdir. Kok uzunluklari degerlendirildiginde, kdk uzunluklari 4.85 ile 14.80
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cm araliginda degisiklik gostermistir (Cizelge 1). En distk kok wuzunlugu kontrol grubu ile
karsilastinildiginda %58 azalma ile Pb(CHsCOO),'nin yilksek konsantrasyonu olan 1000 ppm
uygulamasinda gerceklesmistir. K6k uzunluklarindaki en yliksek artis ise bitki uzunlugunda oldugu gibi SA
uygulamasinin yiiksek konsantrasyonu 2 mM’da %28 artis orani ile gerceklesmistir. Pb(CHsCOO);'nin her
iki konsantrasyon uygulamasi (100 ve 1000 ppm) bitki kék uzunluklarindaki biyimeyi azaltmis ve
konsantrasyon miktari arttikca kok uzunlugundaki azalma siddetli derecede artmistir (p<0.05). SA’nin 2
mM konsantrasyon uygulamasinda bitkilerin kék uzunluklari kontrole gore artmistir. (p<0.05). Bitkilerin
Pb’yi metal bulas ¢ozeltilerden aldiklari ve bliyime ve gelismeyi olumsuz etkiledikleri bilinmektedir. Pb
uygulamalarinin kék uzunluklarinda azalmalara yol agtigini gésteren literatiir ¢calismalarina bakildiginda,
Ghani ve ark. (2010) iki misir (Zea mays L.) gesidini (Neelam ve Desi) 10, 20 ve 30 ppm Pb’ye maruz
birakmislar ve kok biliylimesi inhibisyonunun gergeklestigini bildirmislerdir. (Kopittke ve ark. (2007)
bérilcede (Vigna unguiculata) yapmis olduklar ¢alismada uygulamis olduklari Pb’nin (3 ve 5 uM) kok
uzunlugunu azalttigini rapor etmislerdir. Benzer sekilde Matkowski ve ark. (2002) yaptigi bir calismada
misir (Zea mays L.) fidelerine uygulanan kursun agir metalinin tim konsantrasyonlarinin (10, 100 ve
1000 uM) kok biylmesini inhibe ettigini bildirmislerdir. Obroucheva ve ark. (1998) gen¢ misir (Zea mays
L.) fidelerinde yapmis olduklari calismada (102ve 10°M) Pb uygulamasinin bitkinin kék gelisimini
engelledigini bildirmislerdir. Benzer sekilde Godbold ve Kettner (1991), avrupa ladini (Picea abies)
izerine yapmis olduklari galismada, 0.5 uM Pb uygulamasinin sonucunda bitki kék gelisiminin kontrole
gore azaldigini bildirmislerdir. Bhatti ve ark. (2013) bugdaya (Triticum aestivum L.) uygulamis olduklari
40 ve 60 ppm’lik Pb ¢ozeltisinin kék uzunlugunu azalttigini rapor etmiglerdir.

Bitki ve kok uzunluklari ile ilgili elde ettigimiz bulgulara gére Medicago sativa L. bitkilerinde
artan Pb(CH5COO); konsantrasyon uygulamasiyla kok ve bitki uzunluklari 6nemli derecede azalmis, artan
SA konsantrasyon uygulamasiyla da kok ve bitki uzunluklari 6nemli derecede artis gostermistir.
Pb(CH3COO0), konsantrasyonunun kok ve bitki uzunluklarinda azalmaya neden olmasi Pb tarafindan
indiklenen hiicre boliinmesinin bir inhibisyonundan kaynakli olabilecegini disiindirmektedir (Eun ve
ark., 2000).

Cizelge 1. Medicago sativa L. fideleri Uzerine uygulanan Pb(CH3;C0O0),, SA ve kombinasyon
uygulamalarinin bitki ve kdk uzunlugu tzerine etkisi.

Uygulamalar Bitki uzunlugu Kok uzunlugu
Kontrol 20.93+1.63" 11.53+0.97°
100 ppm Pb(CH;C0O0), 16.25+3.72f 8.30£1047¢

1000 ppm Pb(CH;CO0), 9.16+1.578 4.85+1.02¢

0.5mMSA 23.10%1,89% 13.1443.33%
2 mM SA 24.50+2.57° 14.80+3.59°

100 ppm Pb(CH3C0OO0); + 0.5 mM SA 19.65+1.85%e 10.85+1.59°
100 ppm Pb(CH5CO0); + 2 mM SA 20,33%3.80 11.12+3.56°
1000 ppm Pb(CH3COO0); + 0.5 mM SA 17,55+2.45¢f 11.04+3.34°
1000 ppm Pb(CH3COO0); + 2 mM SA 18.4042.437%f 11.45+2.88°

*Pb(CHsCOO0),: Kursun (l1) asetat, SA: Salisilik asit
*Degerler li¢ paralel 6l¢imun ortalama * standart sapmasi olarak verilmistir (n=3).
*Ayni situndaki farkl harfleri tagiyan grup ortalamalari arasindaki fark, istatistiksel olarak 6nemlidir (p<0.05).

Kok ve yaprak yas agirhgi (g)

Bitkilerin kok yas agirligi, Cizelge 2’ye bakildiginda 0.07 ile 0.27 g araliginda degisiklik
gostermistir. Pb(CH3COO); uygulamasinin konsantrasyon miktari arttik¢a kok yas agirliginda azalma, SA
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uygulamasinin konsantrasyon miktari arttikca kok yas agirhginda artis gergeklesmistir. Kontrol grubu ile
karsilastinildiginda en dusuk kok yas agirhigi Pb(CH3COO), uygulamasinin yiiksek konsantrasyonu olan
1000 ppm’de %61 ile en disik agirhga sahip iken en ylksek kok yas agirligi SA’nin yiksek
konsantrasyonu 2 mM uygulamasiyla %50 artis oraninda gerceklesmistir (p<0.05). Bitkideki bliyime
parametresi agirhk artisi ile yakindan iliskilidir. Bitkilerdeki agirlik artisinin metal stresiyle azaldigini
bircok arastirmaci rapor etmistir (Abdelgawad ve ark., 2020;Ahmad ve ark., 2012). Ouzounidou ve ark.
(1997), yilinda g ginliik bugday (Triticum aestivum L.) bitkileriyle yapmis olduklari calismalarinda artan
Cd stresi ile kok, stirgiin ve yaprak agirliklarinin azaldigini, biyime ve gelismenin neredeyse durdugunu
bildirmislerdir. Akinci ve ark. (2010), yilinda domates (Solanum lycopersicum L.) bitkisi Gzerinde yapmis
olduklari galismada Pb’nin farkl konsantrasyonlarinin (75, 150 ve 300 mg |) bitkinin kok yas agirliklarini
azalttigini ve konsantrasyon arttikga bu azalmanin daha siddetli oldugunu bildirmiglerdir.

Bitkilerin yaprak yas agirhg degerlendirildiginde ise, yaprak yas agirliklari 0.01 ile 0.08 g
araliginda degisiklik gostermistir (Cizelge 2). Genel olarak Pb(CH3COO), uygulamasinin konsantrasyon
miktar arttikga kok yas agirliginda azalma, SA uygulamasinin konsantrasyon miktari arttikga da kok yas
agirhginda artis gergeklesmistir. Pb(CHsCOO), uygulamasinin her iki dozunda (100 ve 1000 ppm) yaprak
yas agirligi kontrole gore kiyaslandiginda azalmistir (p<0.05). Yaprak yas agirhginda ki en fazla azalma
kontrol grubuyla karsilastirildiginda Pb(CH3COO), 1000 ppm uygulamasinda %83 oraniyla
gerceklesmistir. SA uygulamasinin her iki dozu (0.5 ve 2 mM) ise kontrole gére kiyaslandiginda yaprak
yas agirhgini artirmistir. Yaprak yas agirligindaki en yiksek artis SA’'nin 2 mM uygulamasinda %33
oraniyla gergeklesmistir (p<0.05). Yaprak yas agirliginin metal stresiyle azaldigini bildiren ¢alismalar s6z
konusudur. Deswal ve ark. (2018) yilinda bezelye (Pisum sativum L.) bitkisi Gzerine kadmiyum (Cd), nikel
(Ni) ve kursunun (Pb) cesitli konsantrasyonlarini uygulamis ve bitkilerin organlarinin yas agirliklarinin
azaldigini ve bu azalmanin konsantrasyon artisi ile arttigini bildirmislerdir. Hussain ve ark. (2018) misir
(Zea mays L.) bitkisinde kursunun farkh konsantrasyonlarinin (0, 25, 50, 100, 200, 500 mM) biyime
zerine etkisini arastirmis ve bitkilerin yas agirliklarinin azaldigini rapor etmislerdir.

Kok ve yaprak yas agirliklari ile ilgili elde ettigimiz bulgulara gére Medicago sativa L. bitkilerinde
artan Pb(CH3COO), konsantrasyon uygulamasiyla kok ve yaprak yas agirliklari 6nemli derecede azalmis,
artan SA konsantrasyon uygulamasiyla da kok ve yaprak yas agirliklari 6nemli derecede artis
gostermistir.

Cizelge 2. Medicago sativa L. fideleri Uzerine uygulanan Pb(CH3;COO0),, SA ve kombinasyon
uygulamalarinin kdk ve yaprak yas agirhigi tizerine etkisi.

Uygulamalar Kok yas agirligi Yaprak yas agirhig
Kontrol 0.18+0.09° 0.06+0.01b¢
100 ppm Pb(CH3C0O0), 0.13+0.01¢ 0.03+0.01°
1000 ppm Pb(CH;CO0), 0.07+0.01¢ 0.01+0.01f
0.5 mM SA 0.1940.02° 0.07+0.00°
2 mM SA 0.27+0.02° 0.08+0.01°
100 ppm Pb(CH3COO0); + 0.5 mM SA 0.15+0.03" 0.05+0.01¢
100 ppm Pb(CH5CO0); + 2 mM SA 0.16+0.06" 0.05+0.01¢
1000 ppm Pb(CH3COO0); + 0.5 mM SA 0.09+0.05¢% 0.0520.00¢¢
1000 ppm Pb(CH3COO0); + 2 mM SA 0.13+0.01° 0.05%0.00°¢

*Pb(CH3COO0),: Kursun (l1) asetat, SA: Salisilik asit
*Degerler li¢ paralel 6l¢imun ortalama * standart sapmasi olarak verilmistir (n=3).
*Ayni situndaki farkl harfleri tagiyan grup ortalamalari arasindaki fark, istatistiksel olarak 6nemlidir (p<0.05).
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Lipit Peroksidasyonunun Belirlenmesi

Hem biyotik hemde abiyotik stres faktorleri lipidlerde peroksidasyona (LPO) neden olurlar
(Rama Devi ve Prasad, 2004). Reaktif oksijen turlerinin tetiklenmesi sonucunda meydana gelen oksidatif
stres kursun agir metalinin neden oldugu etkilerden biridir. Oksidatif stres; karbonhidrat, lipit, protein ve
DNA’nIn yapisini bozabilir stres stresi uzadikca da geri doniisii olmayan tahribatlara neden olabilir. Lipit
peroksidasyon dizeyini belirlemek igin malondialdehit (MDA) diizeyinin tespiti 6nemlidir. MDA, lipit
peroksidasyonunun son Urtiniidiir. Sekil 1’e bakildiginda MDA icerigi 0.379 ile 1.049 nmol g* arasinda
degisiklik gostermistir. Pb(CH3COO), uygulamasinin konsantrasyon uygulamasi arttikca MDA igeriginde
artis, SA uygulamasinin konsantrasyon uygulamasi arttikca da MDA iceriginde azalma gergeklesmistir.
Kontrol grubuyla karsilastirildiginda Pb(CHsCOO);’nin 100 ppm uygulamasinda %77 (0.8293 nmol g?),
1000 ppm uygulamasinda %123 (1.049 nmol g) oraniyla MDA iceriginde artis gerceklesmistir (p<0.05).
Buna karsin kontrol grubuyla karsilastinldiginda SA’nin 0.5 mM uygulamasinda %12 (0.4133 nmol g), 2
mM uygulamasinda %19 (0.3790 nmol g) oraniyla MDA iceriginde azalma gerceklesmistir. Pb(CH3COO),
ve SA’'nin kombinasyon uygulamalari, MDA igerigi artisina neden olan Pb(CH3COO);'nin her iki
konsantrasyon uygulamasiyla karsilastirildiginda ise Pb(CH3COO);’nin  her iki konsantrasyon
uygulamasindan daha diisik MDA icerigi gostermistir. Pb ve SA ile yapilan literatir calismalarina
bakildiginda, Pb’nin farkh konsantrasyonlari (2, 4, 8, 16, 32 ve 64 ppm) ile sorgum (Sorghum bicolor L.)
bitkisi Uzerinde yapilan bir calismada MDA igeriginin bitkide hem kokte hemde yaprakta onemli
derecede arttigi bildirilmistir (Yilmaz, 2015). Benzer sekilde iki arpa (Hordeum vulgare L.) gesidine
(Tarm/Tokak) uygulanan Pb’nin 15 mM konsantrasyon uygulamasinin kontrole gére MDA igerigini
artirdigi bildirilmistir (Gezer, 2011). Song ve ark. (2012) bugday (Triticum aestivum) bitkisinde yapmis
olduklari ¢alismada Pb uygulamasinin MDA igerigini artirdigini buna karsin SA uygulamasinin Pb’nin
etkisini azaltigini bildirmislerdir. MDA ile ilgili elde ettigimiz bulgulara gbére Medicago sativa L.
bitkilerinde artan Pb(CHsCOO), konsantrasyon uygulamasiyla MDA iceriginde dnemli derecede bir artis
gerceklestirerek bitkide hiicresel hasara sebebiyet vermistir. SA konsantrasyon uygulamasiyla da MDA
iceriginde azalma ile bitkide Pb(CH3;COQ), ‘nin olusturmus oldugu hasarin etkisini hafiflettigi
goralmustar.
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*Pb 1: Pb(CH3COO); 100 ppm, Pb 2: Pb(CH3COO0), 1000 ppm, SA 1: SA 0.5 mM, SA 2: SA 2mM, Pb 1+ SAl:
Pb(CH3COO0), 100 ppm + SA 0.5 mM, Pb 1+ SA 2: Pb(CH5COO0), 100 ppm + SA 2 mM, Pb 2+SA 1: Pb(CH5COO0), 1000
ppm + SA 0,5 mM, Pb 2+ SA 2: Pb(CH3C0O0), 1000 ppm + SA 2 mM

*Ayni sutundaki farkl harfleri tasiyan grup ortalamalari arasindaki fark, istatistiksel olarak 6nemlidir (p<0.05).

Sekil 1. Medicago sativa L. kdklerindeki lipit peroksidasyon (MDA) dizeyi.
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Real-Time qPCR

Medicago sativa L. Pb(CH3COO), SA ve kombinasyon uygulamalariyla miRNA156 gen anlatim
seviyesinde farkli sonuglar vermistir (Sekil 2). Pb(CH3COO),'nin 100 ve 1000 ppm uygulamalari kontrol
grubu ile karsilastirildiginda gen anlatim seviyesinde azalma, SA’nin 0.5 ve 2 mM uygulamalari kontrol
grubu ile kargilastinldiginda gen anlatim seviyesinde artis gergeklesmistir. Kombinasyon uygulamalarinda
ise gen anlatim seviyesinde artis ve azalis seklinde uygulamalara gore farkh sonuglar ortaya ¢ikmistir.
Kontrol grubuyla karsilastirildiginda Pb(CH3;COO);'nin 100 ppm uygulamasi %53.3 orani ve 0.46 kat
degisimi ile gen anlatim seviyesinde asagi regiile olurken, 1000 ppm uygulamasi %74 orani ve 0.26 kat
degisimi ile en diusiik gen anlatim seviyesinde asagi regiile olmustur (p<0.05). SA’nin 0.5 mM uygulamasi
%21 orani ve 1.21 kat degisimi ile gen anlatim seviyesinde yukari regiile olurken, 2 mM uygulamasi
%196 orani ve 2.97 kat degisimi ile en yiiksek gen anlatim seviyesinde yukari regile olmustur (p<0.05).
Kombinasyon uygulamalari ise Pb(CHsCOO); ‘nin 100 ppm uygulamasi SA’nin her iki konsantrasyon
uygulamasiyla sirasiyla (1.08-1.55) kat degisimi ile yukari regiile olurken, Pb(CH3COO), ‘nin 1000 ppm
yiksek konsantrasyonu SA’nin her iki konsantrasyon uygulamasiyla sirasiyla (0.72-0.65) kat
degisimleriyle asagi regile olmustur (p<0.05) (Sekil 2). Bitkilerde, miRNA'lar gen ifadesini esas olarak
kesme icin mRNA'lari hedef alarak diizenler; bu nedenle, belirli bir miRNA'nin ifadesinin seviyesi ile
hedeflerinin ifadesinin seviyesi arasinda ters bir korelasyon olabilir. miRNA156, transkripsiyon
faktorlerini kodlayan promoter baglama benzeri SPL genlerini hedefler ve SPL gen ailesi Uyelerinin
ekspresyonunu dizenleyerek bitkinin blylime ve gelismesini saglar (Xu ve ark., 2016). Pb(CH3COO);'nin
100 ve 1000 ppm uygulamalarinin gen anlatim seviyelerinin asagl dogru regiile olmasi muhtemelen
hedefledigi genin yukari dogru diizenlenmesine neden olarak bitkinin biylime ve gelismesini olumsuz
etkiledigi distinilmektedir. Ayni sekilde SA’nin 0.5 ve 2 mM uygulamalarinin gen anlatim seviyelerinin
yukari dogru reglle olmasi muhtemelen hedefledigi genin asagl dogru dizenlenmesine neden olarak
bitkinin buylime ve gelismesine olumlu yonde etki ettigi duslinilmektedir. Agir metal stres ile ilgili
yapilan miRNA gen anlatim seviyesi calismalarina bakildiginda, agir metal stresi ve bitki ¢esidine gére
miRNA gen anlatim seviyesinde farkh degisiklikler s6z konusudur. Oryza sativa (piring) bitkisinin 60 pM
Cd ile muamele edilmis koklerinde miRNA156 asagl reglle (Ding ve ark. (2011), Zea mays (misir)
koklerinde 200 ppm Cd stresi ile miRNA156'nin asagi regiile (Gao ve ark. (2019), Pb kaynakl strese karsi
Gossypium hirsutum L. (pamuk) bitkisinin koklerinde miRNA156 25 ve 50 ppm uygulamasinda yukari,
100 ve 200 ppm uygulamasinda asagi dogru regtile oldugu bildirilmistir (He ve ark., 2014). Wang ve ark.
(2015) yilinda Raphanus sativus L. (turp) ile yapmis olduklar ¢alismada Pb stresinde miRNA156'nin
yukari regiile oldugunu bildirmislerdir.
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*Pb 1: Pb(CHsCOO0), 100 ppm, Pb 2: Pb(CH3COO), 1000 ppm, SA 1: SA 0.5 mM, SA 2: SA 2-mM, Pb 1+ SAl:
Pb(CH3COO0); 100 ppm + SA 0.5 mM, Pb 1+ SA 2: Pb(CH3CO0), 100 ppm + SA 2 mM, Pb 2+SA 1: Pb(CH;COO), 1000
ppm + SA 0,5 mM, Pb 2+ SA 2: Pb(CH3COO), 1000 ppm + SA 2 mM

*Ayni sttundaki farkli harfleri tagiyan grup ortalamalari arasindaki fark, istatistiksel olarak 6nemlidir (p<0.05).

Sekil 2. Medicago sativa L. kdklerindeki miRNA156 mRNA seviyesindeki degisiklik

SONUC ve ONERILER

Medicago sativa L. bitkileri Gzerine uygulanan Pb(CH3COO),, SA ve kombinasyonlarinin etkileri
degerlendirildiginde, Pb(CHsCOO),’'nin her iki konsantrasyonununda (100 ve 1000 ppm) bitkinin kok ve
bitki uzunluklarini, kék ve yaprak yas agirlklarini azalttigi, MDA igerigini artirdigi ve miRNA156 gen
anlatim seviyesini asagl regile ettigi gorulmistir. Calismada 1000 ppm Pb(CH3COO), uygulamasinin
daha siddetli etki gosterdigi ve bitkilerde stres olusturdugu bununla beraber toksik etki yaratarak
bliylime ve gelismeyi olumsuz etkiledigi gérilmistiir. SA uygulamalarinin her iki konsantrasyonununda
(0.5 ve 2 mM) MDA icerigini azalttigi, bitkinin kok ve bitki uzunluklarini, kok ve yaprak yas agirliklarini
artirdigl ve miRNA156 gen anlatim seviyesini yukari regile ettigi gorilmistir. SA’nin Pb(CH3COO0), ile
olan kombinasyon uygulamalarina bakildiginda ise Pb(CH3COO),'nin MDA igerigi, kok, bitki uzunluklari ile
kok ve yaprak yas agirliklarinda neden oldugu olumsuz etkiyi iyilestirdigi gortlmustiir. SA uygulamalari,
Pb(CH3COO0),’nin  bitki Uzerindeki yaratmis oldugu olumsuz etkilerin azaltilmasinda etkili oldugu ve
bitkiye bir koruma gorevi sagladigi gorilmistir. SA’nin olumlu etkisinin daha fazla net bir sekilde ortaya
cikarilabilmesi icin farkh cesitlerde farkh stres ve SA konsantrasyonlarini igeren galismalarin yapilmasi
onem arz etmektedir.
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oz

Calisma, 2021-2022 yillarinda Isparta ekolojik kosullarinda yetistirilen Heracleum platytaenium
tlrintn bazi tarimsal 6zellikleri, protein oranlari, sabit yag oran ve bilesenlerinin belirlenmesi amaciyla
ylratilmstir. Calismada tirin tarimsal 6zellikleri bakiminda ana dal, yan dal, meyve veren ve vermeyen
semsiye sayilari ile meyve verimleri belirlenmistir. Meyvelerin ham protein orani Kjeldahl yontemi, ham
yag oranlari sokholet, sabit yag icerigi ise GC/FID cihazi kullanilarak tespit edilmistir. Tariin 2021-2022
yillarinda meyve verimi 542-500 g/bitki, ham protein orani %12.77-12.07, ham yag orani %14.46-14.44
olarak belirlenmistir. Tiir(in baslica yag asitlerini, petroselinik (%47.63-44,61), linoleik (%16.09-15.46),
oleik (%9.52-7.91) ve palmitik asit (%3.75-4.00) olusturmustur. Sonug olarak endemik H. platytaenium
tlrtnin ilerleyen yillarda cesitli 1slah ve yetistiricilik calismalari yapilarak ekonomik 6neme sahip tirler
arasinda yer alabilecegi diisliniilmektedir.

Anahtar kelimeler: Sabit yag icerigi, Protein orani, Ham yag orani, Tohum verimi

Determination of Agricultural Charactareristics of Heracleum platytaenium Boiss.
(Endemic) Species Grown Under Culture Condition

ABSTRACT

This study was conducted to determine the agronomic characteristics, crude oil and protein
content, and fatty acid content of Heracelum platytaenium species cultivated under Isparta ecological
conditions in 2021-2022. The main branch, sub-branch, fruit-bearing, and non-fruiting insurance parts of
the species, and fruit yields were determined as agronomic characteristics. The crude protein content of
fruits was determined using the Kjeldahl method, crude oil content was assessed using Soxhlet extraction,
and fatty acid content was quantified using a GC/FID device. The fruit yield of the species was 542-500
g/plant, the crude protein rate was 12.77-12.07%, and the crude oil rate was 14.46-14.44%, respectively,
in 2021-2022. The main fatty acids of the species were petroselinic (47.63-44.61%), linoleic (16.09-
15.46%), oleic (9.52-7.91%), and palmitic (3.75-4.00%). Consequently, it is thought that it can be among
the species of economic importance to conduct various breeding and cultivation studies in future years.

Key words: Fatty acid content, Protein rate, Crude oil rate, Seed yield
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GiRiS

Apiaceae familyasi, diinyada yetistiriciligi yapilan bitki tirleri arasinda ekonomik éneme sahip familyalar
arasinda yer almaktadir. Familyaya ait kimyon, anason, rezene, kisnis gibi tiirlerin Gilkemizde tarimi yapiimaktadir.
Tarimi yapilan bu tirlerin meyveleri genellikle gidalarda baharat veya ugucu yag kaynagi olarak kullaniimalarinin
yani sira yan Uriin olarak tokoferol, sabit yaglar ve fenolik maddeler elde edilme olanagi sunmaktadir (Kooti ve
ark., 2015). Tarimi yapilan tirlerin meyveleri damitildiktan sonra kalan posalarindan (ham yag orani %8-30)
petroselinik yag asidi bakimdan zengin (% 55-90) ham yag elde edilebilmektedir (Bayrak ve Korkut 1995; Reiter
ve ark., 1998a). Cesitli arastirmacilar tarafindan familyaya ait tlrlerin ham yaginin doymamis yag asitleri
bakimdan zengin oldugu ve sabit yagin biyik bir kismini ise petroselinik yag asidinin (18:1, cis-6) olusturdugu
bildirilmistir (Reiter ve ark., 1998b; Bagci, 2007; Keskin ve Baydar, 2016; Tosun ve Karadogan, 2024). Petroselenik
asit (A6-oktadekenoik asit), esas olarak Apiacae, Araliaceae ve Garryaceae familyalarina ait tiirlerin tohumlarinda
meydana gelen sira disi bir yag asididir. (Harwood, 1996). Petroselinik asidinde arasinda yer aldig1i C18 doymamis
yag asidi gruplari bitkiler icin hem abiyotik hem de biyotik stresle iligskisinin yani sira jasmonik asit ve salisilik asit
salgilanmasina onciilik ederek bitki savunmasinda diizenleyici olarak rol oynamaktadirlar. (Lim ve ark., 2017;
Kachroo ve ark., 2001). Doymamis yag asitleri ( C18 gubu yag asitleri) gliserolipidlerdeki membran bilesenleri ve
modiilatorlerinin yanisira trigliserollerdeki karbon ve enerji rezervinin, i¢sel antioksidanlar, cesitli biyoaktif
molekdllerin 6nculeri ve kitin ve suberin gibi hiicre disi bariyer bilesenlerine de kaynaklik etmektedir (Ohlrogge
ve Browse, 1995; Harwood, 1996; He ve ark., 2018). Ayni zamanda doymamis yag asidine sahip bu bitkiler; hem
yemeklik hem de endistriyel yag olarak ve ayrica biyoyakit, kozmetik, deterjan, farmasotik gibi ¢ok cesitli
kullanim olanagi saglamaktadir (Bayrak ve Korkut, 1995; Harwood, 1996; Reiter ve ark., 1998a; Ozbucak ve ark.,
2007; Tosun ve Karadogan, 2024).

Apiaceae familyasina ait Heracleum L., cinsi tlkemiz florasinda 8 i endemik olmak iizere toplamda 23
taksonla temsil edilmektedir. Arastirmaya konu olan Heracleum platytaenium Boiss endemik, monokarpik bir tir
olup beyaz cicekli, 1-2 m uzunlukta ve sari meyvelere sahiptir. TUriin yayilis alanlari karisik ormanlar, kayalik
yamaglar, dere kenarlari ve kiyilar olarak bildirilmistir. (Davis, 1972). H. platytaenium tiri Glkemizde yoresel
olarak “tavsancil otu, 6grek otu (Baytop, 1994), havlan otu, havlan (Kizilarslan ve Ozhatay, 2012), ve tavsan otu (
Ozbucak ve ark., 2007)” isimleri ile bilinmektedir.

Daha Once H. platytaenium tiri izerine yapilan galismalarda tiriin dogadan toplanan meyvelerinin sabit
yag orani ve ugucu yag icerigi hakkinda bilgiler sunulmustur. Bu galismada ise tirin sabit yag orani ve igerigine
ek olarak kiiltir sartlarindaki tarimsal ozellikleri ile protein orani belirlenmistir. Calismadan elde edilen veriler
tartn kaltdr sartlarindaki ilk kayidi olarak literatiire katki saglayacak ve ilerleyen ¢alismalara isik tutacaktir.

MATERYAL ve METOT

Calismaya konu olan H. platytaenium tirinin ilk 6rnekleri “Goller Yoresinde Yer Alan Isparta ve Burdur
illerindeki Umbelliferae Familyasina Dahil Bitki Tiirlerinin Tespiti ve Ugucu Yag Degerlerinin Belirlenmesi” isimli
proje ile 2014-2016 yillar arasinda Isparta Gokgay mevkinden toplanmistir. Baslangic bitki materyalleri tam
ciceklenme déneminde toplanarak Prof. Dr. Hasan Ozgelik tarafindan “Flora of Turkey Volume 4” dayanarak
teshis edilmistir. Tiire ait tip 6rnekleri ise Siileyman Demirel Universitesi Giil Herbaryumunda 63.75.3.1-2 kod
numaralari ile muhafaza edilmektedir. Calisma Isparta Uygulamali Bilimler Universitesi, Ziraat Fakiiltesi,
arastirma ve uygulama alanlarinda 2021-2022 yillari arasinda yirGtialmustir. 2016 yillinda tam olum déneminde
toplanan tohumlar +4°C’de bir yil muhafaza edilmistir. Muhafaza edilen tohumlar 2017 sonbahar ayinda 32’li
viyollarin icerisinde 3:1 pertlit ve torf karisiminda ekimleri gerceklestirilmistir. Denme alani tiopragi 2017 yilinda
sonbaharda pullukla derin stiriim yapilmis ve 2018 yilinda ikileme islemi yapildiktan sonra rétavator ile ekim alani
hazirlanmistir. 2018 yili ilkbahar déneminde ise elde edilen fideler arazi kosularina 60 cm sira (izeri ve 140 cm
sira arasi olacak sekilde dikilmistir. Dikim 2 sira halinde, 20 m uzunlugunda yapilmistir. Yabanci ot kontroli ise
elle capalanarak gergeklestirilmistir. Sulama araligi toprak ylizeyi 10 cm derinlikte kurudugunda damla sulama
yontemiyle bitkilere verilmistir. Tlrin genel 6zellikleri 2019 ve 2020 yillarinda incelenmis olup 2021-2022
yillarinda Temmuz ayinda ise tohumlari tam olgunluga erdiginde hasat edilmistir.

Deneme Yerinin iklim ve Toprak Ozellikleri

Uzun yillar ortalama sicakhgi 12.32 °C iken, denemenin yapildigi 2021 yilinda 14.65 °C ve 2022 yilinda ise
14.03 °C olarak belirlenmistir. Uzun yillar sicaklik ortalamasi aylara gére incelendiginde 2021 ve 2022 yillarindaki
ortalama sicaklik 2021 yili mart ayi hari¢ genel olarak yiksek bulunmustur. Uzun yillar toplam yagis miktarina
bakildiginda ortalama toplam yagis miktari 568 mm olurken 2021 (468 mm) ve 2022 (456 mm) yillarinda yaklasik
olarak 100 mm azalis yoniinde kaydedilmistir. Uzun yillar yagis ortalamalari ele alindiginda ise; 2021 yilinda Ocak,
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Haziran ve Aralik aylarinda ve 2022 Subat ve Mart aylarinda ortalamanin Gizerinde olugu gortlirken, diger aylarda
uzun yillar ortalamasinin altinda kaldigi belirlenmistir (Sekil 1).
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Sekil 1. Arastirma yillarinda ve uzun yillara ait iklim verileri

Deneme alaninin toprak tekstiird killi-tinl, pH’si 8.2 olup, topragin kireg icerigi % 7.1 (Scheibler
kalsimetresi), organik madde igerigi % 1.3 (Walcley-Black yontemi) ve toplam tuz % 0.29'dur. Toplam azot igerigi
% 0.29 (Kjelhdal yontemi), ekstrakte edilebilir fosfor ve degistirilebilir potasyum icerikleri sirasiyla (0.4 N NaHCO3
ekstraksiyonu ile) 16.7 mg kg ve (1 N NH40Ac ile) 179 mg kg ve kullanilabilir silfat 17.3 mg kg? olarak
belirlenmistir.
Bitkinin;
Ana dal sayisi:

Belirlenmis olan 10 bitkiden ¢ikan ana dallar sayillmis ve ortalama “adet/bitki” olarak ana dal sayilar
hesaplanmistir.

Yan dal sayisi:

Belirlenmis olan 10 bitkiden g¢ikan ana dallardan gikan ikincil dallar sayilmis ve ortalama “adet/bitki”
olarak kaydedilmistir.
Meyve veren semsiye ve meyve vermeyen semsiye sayisi:

Belirlenmis olan 10 bitkiden alinan semsiyeler meyve veren ve vermeyen olarak sayilmis ortalamasi
alinarak hesaplanmistir.

Tohum verimi:

Belirlenmis olan 10 bitkiden meyveler tam olum déneminde toplanmis ve tartildiktan sonra ortalamasi
alinarak “g/bitki” olacak sekilde belirlenmistir.
Ham yag orani ve bilesenleri:

Tiurlin meyveleri 6gltildikten sonra kurutulan 6rnekler kartuslara yerlestirildikten sonra petrol eteri
kullanilarak soxhlet cihazinda 4 saat ekstraksiyon edilmistir. Daha sonra kartuslar kurutulup tartildiktan sonra
agirhk kayiplarindan faydalanarak ham yag orani hesaplanmistir.Kurutulmus tohumlar 6gitilerek 5 g tartilmis ve
Gzerine 10 ml n-hekzan eklenerek ham yag elde edilmesiicin 24 saat bekletilecek sekilde ekstraksiyon yapilmistir.
Daha sonra filtre edilerek sizlintiden solventin uzaklastiriimasi icin 45 °C’de kurutulmustur. Solvent
ucurulduktan sonra elde edilen ham yag AOAC tarafindan énerilen yontemle % 0.5’lik Sodyum Metilat (NaoMe)
ile metil esterlerine (FAME) donlstlirmustir. Esterlesmis yag asitlerinin (FAME) toplandig Gst fazdan 1 pL
cekilerek gaz kromatografisi (GC-FID) cihazina enjekte edilmistir. Yag asitlerine iliskin kromatogramlar elde
edilerek yag asitlerinin oranlari belirlenmistir. Shimadzu GC-2010 Plus (Shimadzu Corporation, Kyoto, Japan)
model cihazinin galisma kosullari su sekilde ifade edilebilir; Kolon Restek Rtx-2330 (50 m x 0.25 mmiID, 0.20 um),
enjektor sicakhgi 250 °C, detektor sicakhigr 200 °C, akis hizi (psi) 10, tasiyici gaz H2 (40 ml/dk), enjektér kapasitesi
1.0 pl’dir. Firin sicakhgl 140 °C’de 10 dakika bekledikten sonra 240 °C’'ye dakikada 3 °C'lik artisla ulasiyor ve bu
sicakhkta 10 dakika bekliyor. Elde edilen kromotogramlardaki pikler ticari standart yag asidi metil ester karisimina
(Sigma, Supelco® 37 Component FAME Mix) gére isimlendirilmistir.
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Ham protein orani:

Kurutulmus ve 6glitilmis 6rneklerin ham protein orani Kjedahl metodu kullanilarak belirlenmistir.
(KJELDATHERM KT 20 s Unitesi ve VAPODEST 50 s Distilasyon ve titarsyon Unitesi, C. Gerhardt GmbH & Co. KG,
Konigswinter, Germany)

istatistik Analizler

Calismada 2021-2022 yillarinda elde edilen ana dal, yan dal, meyve veren semsiye ve meyve vermeyen
semsiye saylilari ile meyve verimleri Minitab istatistik paket programinda t testi kullanilarak analiz edilmis, ham
yag ve ham protein oranlari ait verilerin standart sapmalari hesaplanmistir.

BULGULAR ve TARTISMA

H. platytaenium tiriinin ana dal, yan dal, meyve veren ve vermeyen gsemsiye sayilari ile tohum
verimlerinde yillara bagh olarak istatiksel farklilik tespit edilememistir (Cizelgel). Bu durum tirln yetistirme
yillarinda meydana gelen iklim degisiklerini tolere edebileceginizi gdstermektedir.

H. platytaenium tiriniin ana dal sayisi 2021 yilinda 1.5+0.52 adet/bitki, 2022 yilinda ise 1.30+0.48
adet/bitki olarak belirlenmistir. Yan dal sayisi ise 2021 yilinda 10.0+2.95 adet/bitki, 2022 yilinda 10.0%£1.05
adet/bitki olarak tespit edilmistir. Takson 2021 yilinda bitki basina 10.2+3.33 adet/bitki semsiye meyve verriken
13.2+1.6 adet/bitki semsiyenin meyve baglamadigi belirlenmistir. H. platytaenium tiirii 2022 yilinda ise 11+1.25
adet/bitki semsiyesi meyve baglarken, 19.5+0.85 adet/bitki semsiyesinin meyve baglamadigi tespit edilmistir.
Tirlin meyve vermeyen semsiyeleri arasindaki farkliligin iklim kosullarindan ileri geldigi diisiintilmektedir. Tirln
meyve verimi 2021 yilinda 550 g/bitki olarak gerceklesirken 2022 yilinda 542 g/bitki olarak gergeklesmistir
(Cizelge 1).

Cizelge 1. H. platytaenium tirlne t testi sonuglari ve tarimsal 6zellikleri
Meyve veren Meyve vermeyen

Ana dal sayisi Yan dal sayisi semyise saylsi semsiye sayisi Tohum verimi
(adet/bitki) (adet/bitki) (adet/bitki) (adet/bitki) (gr/bitki)
Hasat Yillari 2021 2022 2021 2022 2021 2022 2021 2022 2021 2022
Ornek sayisi 10 10 10 10 10 10 10 10 10 10
Ortalama 1.50 1.30 10.0 10.0 10.2 11 13.2 19.5 550 542
Standart sapma 0.52 0.48 2.95 1.05 3.33 1.25 1.60 0.85 60.0 45.3
p degeri 0.389 0.694 0.491 * 0.750

H. platytaenium tiirinin sabit yag orani 2021 yilinda % 14.46, 2022 yilinda ise % 14.44 olarak tespit
edilmistir (Cizelge 2). Yillara bagh olarak ham yag oraninda istatiksel olarak farkhlk tespit edilememistir. Daha
once arastirmacilar tarafindan yuritilen ¢alismalarda tiirlin ham yag iceriginin % 11.2-23.1 araliginda degisim
gosterdigi belirlenmistir (Kleiman ve Spencer, 1982; Bagci, 2007; Kiiglikboyaci ve ark., 2016; Tosun ve Karadogan
2024).

Tirlin meyvelerinde ham protein orani 2021 yilinda %12.77 ve 2022 yilinda % 12.07 olarak tespit edilmis
olup yillara bagli olarak istatiksel olarak farklik tespit edilememistir (Cizelge 2).

Ham yag ekstrelerinde ise toplamda 30 farkl yag asidi tespit edilmis olup 24 tanesi yetistirme yillarina
bagli olarak benzerlik géstermistir. H. platytaenium turinin ham yaginin % 4.94-5.53 doymus, % 57.65-52.90
tekli doymamis ve % 1.58-0.79 ¢oklu yag asitlerinden meydana gelmistir. Diinya Saglik Orgiitiine gére yaglarin
tiketilebilir olabilmesi icin aranan kriterler arasindan doymamis yag asitlerinin (P) oraninin doymus yag (S)
asitlerine orani 2 veya 2’nin lizerinde olmasi gerekmektedir (Daghan ve Vardin 2019). H. platytaenium tiirlinde
ise bu oran 2021 yilinda 11.98, 2022 yilinda ise 9.7 olarak belirlenmistir. Tirin ham yaginin ana bilesenlerini
petroselinik (% 47.63-44,61), linoleik (% 16.09-15.46), oleik (% 9.52-7.91) ve palmitik asitleri (% 3.75-4.00)
olusturmustur . Turlin yag asidi bilesenlerinin % 80.67 (2021 yilinda) ve % 75.98 (2022 yilinda) tanimlanirken, %
19.33 ve % 24.36 kisimlari ise tanimlanamamigstir. Tespit edilemeyen yag asidi bilesenleri 2021 ve 2022 yillarinda
siraslyla 12.625 dakikada % 0.4-0.9, 13.456 dakikada % 18.1-22.63, 57.419 dakikada % 0.61-0.61 ve 60.117
dakikada %0.22-0.22 olarak belirlenmisgtir.

Cizelge 2. H. platytaenium tirinin yag asidi kompozisyonu, protein ve sabit yag orani (%)
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Zarc\-]'wzlrllsl‘arl '\ﬁgﬂ(z:zr Yag Asidi Bilesenleri 2021 2022 RZ];:%TS Referanslar
6.227 C4:0 Butirik Asit ME - 0.37
7.553 - 0.04
8.460 C6:0 Kaproik Asit ME - 0.09 1.43 1
12.625 0.40 0.90
13.456 18.1 22.63 11.39 1
14.334 C10:0 Kaprik Asit ME 0.11 0.04 0.03 1
20.076 C14:0 Miristik Asit ME - 0.04 0.04-0.1 1,2,3
21.957 C15:0 Pentadekanoik Asit ME 0.01 0.03 0.0500 1
24.401 C16:0 Palmitik Asit ME 3.75 4.00 4.49-6.80 1,2,3,4
26.101 Ci16:1 Palmitoleik Asit ME 0.12 0.12 0.1-0.14 1,3
27.332 C17:0 Heptadekanoik Asit ME 0.04 0.04 0.05-02 1,2,3
29.590 C17:1 cis-10-Heptadekanoik Asit ME 0.05 0.03 0.04 1
31.350 C18:0 Stearik Asit ME 0.91 1.07 0.97-1.60 1,2,3,4
33.440 C18:1n6c Petroselinik asit ME 47.63 44.61 47.8-64.2 1,2,3,4
33.823 C18:1n9c Oleik Asit ME 9.52 7.91 3.92-14.70 1,2,3,4
36.541 C18:2n6t Linolelaik Asit ME 0.05 0.02 0.04 1
38.321 C18:2n6¢ Linoleik Asit ME 16.09 15.46  18.42-27.10 1,2,3,4
41.537 C20:0 Arasidik Asit ME 0.14 0.07 0.12-0.2 1,2,3
43.353 C20:1 cis-11- Aikosenoik Asit ME 0.20 0.12 0.14-0.3 1,3
47.534 C20:2 cis-11,14 Aikosadienoik Asit ME 0.19 0.19 0.05 1
49.453 C22:0 Behenik Asit ME 0.09 0.07 0.02-0.4 1,2
50.048 €20:3n6 cis-8,11,14 Ail;/cl)éatrienoik Asit 0.05 0.04
50.907 C22:1n9 Erusik Asit ME 0.01 0.01
53.290 C20:4n6 Arasidonik Asit ME - 0.01 0.04
54.268 C23:0 Trikosanoik Asit ME - 0.25 0.06
54.325 C22:2 cis-13,16 Dokosadienoik Asit ME 1.17 0.53 0.04
57.419 0.61 0.61
57.950 C24:1 Nervonik Asit ME 0.13 0.11 0.03 4
60.117 0.22 0.22
cis-4,7,10,11,16,19-
62.140 C22:6n3 Dokosahekzaenoik Asit ME 0.41 0.26 0.07 1
Toplam tanimlanmis bilesen orani 80.67 75.98
Yag asidi sayisi 24 30
Toplam doymus yag asidi orani (3DY) 4.94 5.53
Toplam tekli doymamis yag asidi orani (3DY) 57.65 52.90
Toplam ¢oklu doymamis yag asidi orani (3CDY) 1.58 0.79
Ham yag orani 1446+ 1444+
0.16 0.22
Ham Protein orani 1277+ 12.07%
0.23 0.31

Dogal flordan toplanan meyve érneklerine ait referanslar 1: Tosun ve Karadogan 2024, 2: Bagci 2007, 3: Kiigiikboyaci 2016,
4: Kleiman ve Spencer, 1982

Calismada elde edilen bulgulara benzer olarak arastirmacilar tiirin ham yaginin baslica yag asitlerinin
petroselinik (% 47.80-64.00), linoleik (% 18.42-27.10), oleik (% 3.92-14.70) ve palmitik (% 4.49-6.80) yag
asitlerinden olustugunu bildirmislerdir (Kleiman ve Spencer, 1982; Bagci 2007; Kiclikboyaci 2016; Tosun ve
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Karadogan 2024). Bitkiler arasindaki yag asidi kompozisyonlari farklihgini hidrokarbon zincirlerdeki karbon sayisi,
cift baglarinin yeri ve sayisi belirlemektedir (Baydar, 2000) Bitkisel yag asitleri, basta sicaklik olmak tzere gesitli
cevre kosullarina karsi oldukc¢a hassastir (Rahmatalla ve ark., 1998). Ayrica meyve olusumlarinin bitki Gzerindeki
konumlari, olgunlasma donemleri iginde yag asitleri agisindan buyiik bir varyasyona neden olabilmektedir. C18
yag asitlerinin bilesimi cevresel etkilere, embriyonun genetik kontrol izerine, sitoplazmik ve maternal etkilerinin
oldugu belirtilmistir (Pleines ve Friedt 1989; Karaca ve Aytag, 2007). Petroselinik asit Apiaceae, Araliaceae, ve
Garryaceae familyalarina ait bazi tohumlarda toplam yagin % 85 ini olusturabilmektedir (Ohlrogge, 1994).
Petroseilinik asit, yag asidi molekilinin karoksil ucundan itibaren dokuzundu karbon yerine altinci karbon cift
bagina sahip bir oelik izomeridir. Oliek asit cis A9-18:1, petroselinik asit ise cis A6-18:1 pozisyonuna sahiptir.
Petroselinik asidin ¢ift bagini acil zincirinin karboksil ucuna tg¢ karbon daha yakin konumlandiriimasi, belirgin
sekilde daha yiiksek bir erime noktasina olusmasina sebep olmaktadir. (Ohlrogge, 1994). Petroselinik yag asidi
bitkilerin ¢esitli kisimlarinda yer alirken yag asidinin miktarini tohumlarin olgunlasma dénemi, toprak ve iklim
sartlarindan etkilenebilmektedir (Laribi ve ark., 2009; Rebey ve ark., 2019; Rebey ve ark., 2012). Familyaya ait
tirlerde yag asitleri genel olarak stearik, petroselinik ve oleik yag asitleri sirasi ile yeralmaktadir (Kleiman ve
Spencer, 1982; Reiter ve ark., 1998a; Reiter ve ark., 1998b; Bagci 2007; Kiiglikboyaci 2016; Tosun ve Karadogan
2024). Petroselinik asit kosmetik formillerinde, sa¢ dékilmesine karsi, anitidiabeitk, antibakteriel ve antifungal
olarak degerlendirilmektedir (Tong ve ark., 2010; Sayed-hmed ve ark., 2017; Lee ve ark., 202). Ayrica petroselinik
asit, ¢ift bagin oksidasyonu yoluyla laurik (12:0) ve adipik (6:0) asitlere ayrilabilir; bunlarin her ikisi de naylon ve
yumusaticilar, emulgatorler, deterjanlar ve sabun Gretiminde 6nemli uygulamalara sahiptir (Kenar ve ark., 2017).
Arastirma sonuglari ve diger ¢calismalarla ele alindiginda tiirGin hasat yillari arasindaki farkhhgi gcevre kosullarindan
ileri geldigi dusunilmektedir.

SONUC ve ONERILER

Kiltir sartlarindan yetistirilen H. platytaenium tirinden elde edilen veriler 1s18inda degerlendirildiginde
bitki basina tohum veriminin oldukga ylksek oldugu gorilmektedir. H. platytaenium tirinin bir bitki yaklasik
olarak 72 g ham yag lretmektedir. Tiriin 60x140 ekim normunda yetistiriciligi yapildiginda ise yaklasik olarak
dekarda 1190 bitki yer alabilmekte olup, yaklasik olarak dekara 85 kg ham yaga karsilik gelmektedir. H.
platytaenium tirinin ham yaginin farkh endistri kollarinda degerlendirebilme olanagina sahip olmasi tird 6n
plana gikarmaktadir. Sonug olarak endemik H. platytaenium tiiri dogal florada monokarpik 6zellik gosterirken
kiltir sartlarinda segilen bitkilerde bu 6zelligini kaybederek yetistirme yillar boyunca generatif donem gegmistir.
ilerleyen yillarda cesitli i1slah ve vyetistiricilik calismalari yapilarak ekonomik éneme sahip tiirler arasinda yer
alabilecegi duslinilmektedir.

Cikar Catismasi Beyani: Makale yazarlari aralarinda herhangi bir ¢ikar catismasi olmadigini beyan ederler.

Arastirmacilarin Katki Orani Beyan Ozeti: Yazarlar makaleye esit oranda katki saglamis olduklarini beyan ederler.
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Bir alanin biyolojik cesitliligi mevcut dogal envanterin devamhligi icin 6nemlidir. Benzer sekilde tarim
alanlarinda verimi st diizeyde tutabilmek insanoglu icin zorunluluk haline gelmistir. istilaci bitkiler biyolojik
cesitliligi ve tarimi, olumsuz etkilemektedir. Bu calismaya konu olan Begonia cucullata Willd. var. hookeri
(A.DC.) L.B.Sm. & B.G.Schub taksonu, Rize ilindeki bazi ¢ay bahgelerinde (Camellia sinensis (L.) Kuntze) dogal
yollarla yayilmaya bagladigi tespit edilmistir. Yerel diizeyde ¢ay bahgelerinin ekonomik ve tarimsal 6nemi goz
oniinde bulunduruldugunda, bu kaydin ne denli 6nem arz ettigi gérilmektedir.

Anahtar kelimeler: Begonia, Begonia cucullata, istilaci bitki, Yeni kayit, Rize.

A New Invasive Plant Threat for Rize Tea Gardens (Turkey): Begonia cucullata Willd. var.
hookeri (A.DC.) L.B.Sm. & B.G.Schub

ABSTRACT

The biodiversity of an area is important for the continuity of the existing natural inventory. Similarly,
maintaining high agricultural productivity is now imperative for humanity. Invasive plants negatively affect
biodiversity and agriculture. The Begonia cucullata Willd. var. hookeri (A.DC.) L.B.Sm. & B.G.Schub taxon, which
is the subject of this study, has been detected to have started to spread naturally in some tea gardens
(Camellia sinensis (L.) Kuntze) in Rize province. When the economic and agricultural importance of tea gardens
at the local level is considered, it is seen how important this record is.

Key words: Begonia, Begonia cucullata, Invasive plant, New record, Rize.

GIRIS

istilaci bitkiler sahip olduklari genetik cesitlilikleri ve rekabet giicleri sayesinde, tarim yapilan alanlardan,
cayir, mera, parklar, bahgeler, tarihi ve sulak alanlar, yol kenarlarindan demir yollarina kadar bircok alanda
kolaylikla yetismektedirler (Ozer ve ark., 2001; Uygur ve Uygur, 2010). Bitkilerin ait olmadiklari farkli alanlara
(habitatlara) tasinmasinda antropojenik faaliyetler dzellikle etkili olmaktadir (Sefali ve ark., 2020). insanlar bu
istilaci karakterli bitkileri tibbi, ekonomik, gida ve peyzaj amacgl olarak tasiyabilmektedirler.

Ulkemizde vyerli oldugu halde istilaci karakterli bitkiler de bulunmaktadir. Ornegin Brassicaceae
familyasina ait Sisymbrium tiirlerinin istilaci karakterli olduklari bilinmektedir (Sefali ve Unal, 2023). Uludag ve
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arkadaslar (2017) yaptiklari arastirmada llkemizde yaklasik 92 familya ile 251 cinse ait 340 kadar istilaci bitki
cesidinin bulundugunu belirlemislerdir. Turkiye’de 2020 yilindan bu yana istilaci, yabanci ot veya egzotik gibi
isimlerle adlandirilan azimsanmayacak sayida bitki taksonu kaydi verilmistir (Terzioglu, 2020; Terzioglu ve
Ozkan, 2020; Karaer ve ark., 2020; Eker ve Tuzlaci, 2021; Yilmaz, 2021; Yazlk, 2021; Bozkurt ve ark., 2021; Onen
ve ark., 2021; Tuncgkol, 2022; Coskungelebi ve Terzioglu, 2022; Sefali ve Eroglu, 2022; Asal ve ark., 2022; Giinal
ve ark., 2023; Sefali ve Uzun, 2023; Merrick ve ark., 2024). Ulkemizden verilen istilaci ve yeni bitki kayitlari
incelendiginde arastirmacilarin yabanci ot, egzotik ve istilaci terimleri birbirlerinin yerine kullandiklar tespit
edilmistir (Sefali ve Uzun, 2023). Bu arastirmada istilaci kavraminin kullanilmasi uygun gorilmastir (Asal ve
ark., 2022).

Theaceae familyasi Uyesi olan Camellia sinensis (L.) Kuntze, yapraklar ve yaprak tomurcuklari Cin gayi
Uretmek icin kullanilan bir bitki tirGdir. Beyaz gay, yesil cay ve siyah ¢ay bu tiirden hasat edilmektedir. Yaygin
isimleri arasinda ¢ay bitkisi, cay agaci ve ¢ay ¢alisi bulunur (Namita ve ark., 2012). Cay, sudan sonra diinyada en
cok tiiketilen icecektir (O’Malley, 1997).

Dogu Karadeniz Bolgesi’'nde son yapilan dlgimlerde yaklasik 800.000 dekar alanda 205.000 kadar uretici
cay tarimi yapmaktadir. Yas cayin son dort yilda ortalama 1.250 -1.400 bin ton arasinda degistigi ve 2023 yilinda
rekoltenin 1.355 bin tonun Uzerine ¢iktig1 rapor edilmistir (Rize Ticaret Borsasi, 2023). Tirkiye’de ¢ay, Orta
Karadeniz’den (Ordu ili Fatsa ilgesi) baslayarak Giircistan sinir bolgesine kadar uzanan alanlarda yetismektedir
(Yildiz ve Midilli, 2022). Cay, ilk 6nceleri keyif verici ozelligi ile Turklerin damak zevkine hitap eden ve giiniin
farkhh zamanlarinda tiiketilmenin yani sira tlkemizde kisi basl tiketim miktariyla diinya ortalamasinin en
tistiinde yer almaktadir (Yildiz ve Midilli, 2022). Ulkemiz icin bu denli nemli olan ¢ay bitkisinin yetistirilmesi ve
fabrikalara ulastiriimasi oldukga zahmetlidir. Cayin fabrikaya olan yolculugunda bagslica zorluklardan biri de
toplandigl bahgedeki yabanci otlarin bulunmasi olacaktir. Dinyadaki bazi cay bahgelerinde oldugu gibi,
Ulkemizde ak telgrafcicegi (Tradescantia fluminensis Vell.) olarak bilinen (Bidarlord ve ark., 2021) bitki cay
bahcelerimizde 6nemli bir yabanci ottur.

Begonia L., 70 seksiyonda siniflanan yaklasik 2110 tirle temsil edilmekte olup, kapali tohumlular
icerisinde tur zenginligi bakimindan altinci biylk cins olarak kabul edilmektedir (Moonlight ve ark., 2018).
Kiltlir begonyalarinin en popliler liyesi olan B. cucullata var. hookeri, 30 cm'ye kadar uzayabilen, hastaliklara
karsi direngli ve iklimin sifirn altinda oldugu sezonlar hari¢ surekli gigeklenebilen avantajlari nedeniyle
bahcecilikte yaygin olarak kullanilmaktadir (Chen ve Mii, 2012). Arjantin, Brezilya, Bolivya, Paraguay ve
Uruguay, B. cucullata’nin dogal olarak yetistigi yerlerdir (POWO, 2024). Fakat bitki Alabama, Banglades, Borneo,
Cape Eyaletleri, Kolombiya, Kiiba, Dominik Cumhuriyeti, Himalaya, Eritre, Etiyopya, Florida, Fransiz Guyanasi,
Glrcistan, Haiti, Hawaii, Kore, Leeward Adalari, Mauritius, Meksika Kérfezi, Meksika, Porto Riko, Réunion, St.
Helena, Venezuella’ya tasinmistir (POWO, 2024).

Bu calismada 2023-2024 yilari vejetasyon déneminde Rize, Derepazari’'ndaki ¢ay bahgelerinde Greme
yetenegine sahip ve dagilmaya baslamis bir sis bitkisi toplanmistir. Bitki 6rneklerinin detayl incelemesi
sonucunda Tirkiye’de kaydi olmayan Begonia cucullata var. hookeri, oldugu tespit edilmistir.

MATERYAL ve METOT

Herbaryum materyallerini 2023-2024 yillilarinda Rize iline bagli Derepazari ilgesinde Cesme kdyii’nde
yol kenarlari ve cay bahgelerinden toplanan bitkiler olusturmaktadir. Bu materyaller Bingdl Universitesi
Herbaryumu (BIN)'nda muhafaza altina alinmistir. Bitkinin Tirkiye florasina ait olup olmadigini tespit etmek igin
sirastyla “Turkiye ve Dogu Ege Adalari Florasi (Davis 1965-1985; Davis ve ark., 1988; Giner ve ark., 2000)”,
“Turkiye Bitkileri Listesi (Damarh Bitkiler)” (Gliner ve ark., 2012) ve Tirkiye’nin yabanc (istilaci) bitki florasi
listesi (Uludag ve ark., 2017) eserleri incelenmistir. B. cucullata var. hookeri’nin teshisi ve cins/ tir
tanimlamalari icin Walters ve ark. (2011) “Naturalised and invasive succulents of southern Africa” isimli eserden
faydala'nilmistir (Golding, 1982; Tebbitt, 1997).
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Sekil 1. A. Camellia sinensis’in genel gorlinimi ve diinya genelindeki dagilimi, B. Begonia cucullata var.
hookeri’'ye ait genel goriinimi ve diinya genelindeki dagilimi. Yesil renk bitkinin dogal olarak bulundugu,
bordo renk ise bitkinin tasindigi ve tarimi veya payzaji yapilan bolgeleri gostermektedir. (Royal Botanic
Gardens Kew, (POWO, 2024)'den alinmistir.

BULGULAR ve TARTISMA

Bu calismada Tirkiye’nin Rize ilinde tespit edilen Begonia cinsine ait B. cucullata var. hookeri’'nin
tanimlamalarina asagida sirasiyla yer verilmistir.

Begonia L. First published in Sp. Pl.: 1056 (1753). TYPE: Begonia obliqua L.

Cins betimi: Govdeli veya govdesiz otsular bazen bodur ¢ali formunda olup sukulent gévde yapraklara
sahiptirler. Rizom veya yumrulu olan, genellikle yerden yiikselici bazen kérelmis olabilse de bazen tirmanici
ozellik gostermektedir. Yapraklar genellikle almagli, sapli, genellikle asimetrik, kenarlar diiz, loblu veya
parcalanmig dlizensiz disli olup yesil veya bazen gozalici renklerle noktalanmis bir gériiniime sahip. Bazen kiigiik
aksiller bulblar olabilir. Erkek gicekler: tepaller 2 veya 4, nadiren fazla veya hig¢ yok, Petaloid: Stamenler ¢ok
sayida flamentler serbest veya tabanda birlesmis durumda. Disi gicekler: tepaller genellikle 5 veya 6 bazen 4,
petaloid; ovaryum genellikle 3-, nadiren 2-, 4- veya 5-lokilli; oviller ¢cok sayida, stillus nerdeyse locul kadar,
serbest veya tabanda birlesik, iki pargali; stigma diz veya dallanmis, genellikle biikiilmis ve pappilli. Meyve
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genellikle kapsiil, 3-kanatli ve 3-kdseli, nadiren diiz veya 4-koseli veya dutsu. Tohumlar kiiclk ve ¢ok sayida olup
besidoku ihtiva etmez (Golding, 1982; Tebbitt, 1997; Walters ve ark., 2011).

Begonia cucullata Willd. var. hookeri (A.DC.) L.B.Sm. & B.G.Schub, Darwiniana 5: 104 (1941).

= Begonia sellowii Klotzsch in Abh. Konigl. Akad. Wiss. Berlin 1855: 148 (1855)

=Begonia semperflorens var. sellowii (Klotzsch) C.DC. in C.F.P.von Martius & auct. suc. (eds.), Fl. Bras.
4(1): 342 (1861)

= Begonia hookeri Sweet in Hort. Brit., ed. 2: 437 (1830)

= Begonia semperflorens Hook. in Bot. Mag. 56: t. 2920 (1829), nom. illeg.

= Begonia semperflorens var. hookeri A.DC. in C.F.P.von Martius & auct. suc. (eds.), Fl. Bras. 4(1): 342
(1861)

..............
.......
......
o .

; .:‘1."  v -, .
Sekil 2. Begonia cucullata var. hookeri'ye ait genel goriinim: A. Toprak Ustl kisimlar, B. Habitatindaki genel
gorinimd, C. Cicek yapisi, D. Yaprak sapi ve stipiil, E. Tohumdan gelismis olan geng bireyler, F. Olgun

meyve yapisl.
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Tiir betimi: Yumrulu, stolonlu ¢ok yillik bir bitki, govde diiz veya yiikselici, tiysiiz, 40 cm kadar. Saph
yapraklar (sap: en fazla 2.5 cm uzunlugunda), yaprak ayasi hafifce asimetrik, genisce yumurtamsi, en fazla 8 x 7
cm, yaprak tabani kesik ve ice kivrik belirgin disli, silli, parmak sekilli damarlanma mevcut, parlak ve etli bir
yapida, Stipuller oblong, obtus, 2-3 cm uzunlugunda kalici olup kenarlari disli. Cigek durumu aksillar, birkag veya
¢ok sayida cicek kimozleri mevcut. Cigek durum sapi 3-5 cm uzunlugunda, gicek saplari esnek; brakteler kalici,
yumurtamsi, 5mm uzunlugunda, testere disli. Erkek cicekler: tepaller 4, distaki ¢ift yuvarlagimsi ile bobrek sekilli
arasinda, 8-13 mm uzunlugunda, igteki ¢ift daha kiiglik ve darca ters yumurtamsi, beyaz veya pembe; stamenler
serbest, cok sayida; flamentler kisa; anterler linear. Disi cecekler: brakteoller dokilici, eliptik ile spatulat arasi
sekilli, 3.5-4 mm uzunlugunda, kenarlar silli; tepaller 4-5, ters yumurtamsi, 6-9 mm uzunlugunda, beyaz veya
pembe; ovaryum 3-lokiillG; stillis 3; stigma linear olup spiral sekilli devam eder. Meyve kapsil, 24-30 mm
uzunlugunda, esit olmayan 3-kanatli, en biliylik kanat tGg¢genimsi, akuta yakin. Tohumlar kiigiik ve ¢ok sayida
(Golding, 1982; Tebbitt, 1997; Walters ve ark., 2011) (Sekil 2, 3).

Ciceklenme zamani: Mayis- Haziran

Habitat: Nemli yol kenarlari ve gay bahgeleri.

Tlirkce ismi: Begonia cins ismi icin begonya, B. cucullata var. hookeri icin de cinsin en yaygin peyzajl
yapilan taksonu oldugundan Tirkge isim olarak yine begonya 6nerilmektedir (Menemen, ve ark., 2016).

incelenen &rnekler: Rize, Derepazari, Cesme Koy, yol kenarlari ve cay bahceleri, 330 m, 29.05.2024,
Sefali 1043 (Bingdl Universitesi Herbaryumu (BIN)!).

L - - e § 3 N . 3 .
Sekil 3. Begonia cucullata var. hookeri'ye ait farkli habitat secimi: A., B. Rize, Derepazari, Cesme koylinde
bulunan ¢ay bahgelerindeki goriiniim, C. Egimli kaya Uzeri yerlesmis bitkinin genel gériinim.

Ulkemizde son 5 yilda ¢ok sayida istilaci bitki kaydi verilmistir (Terzioglu, 2020; Terzioglu ve Ozkan, 2020;
Karaer ve ark., 2020; Eker ve Tuzlaci, 2021; Yilmaz, 2021; Yazlik, 2021; Bozkurt ve ark., 2021; Onen ve ark.,
2021; Tunckol, 2022; Coskuncelebi ve Terzioglu, 2022; Sefali ve Eroglu, 2022; Asal ve ark., 2022; Gunal ve ark.,
2023; Sefali ve Uzun, 2023; Merrick ve ark., 2024). Ulkemizde kaydi verilen bitkilerin % 67 kadarinin dogal
ortama uyum sagladig bilinmektedir (Uludag ve ark., 2017). istilaci bitki tirlerinin bazilari peyzaj ve saksi bitkisi
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olarak yetistiriimektedir. Begonia cucullata var. hookeri’nin en ¢ok satilan begonya tiri oldugu goz onilinde
bulunduruldugunda (Chen ve Mii, 2012), bu bitkinin ¢ogu llkede dogallasmis olmasi siirpriz olmayacaktir.
Begonia cucullata, bolgesel olarak potansiyel bir istilacidir ve yliksek tohum tutumu ve kalici ve stolonlu anag
nedeniyle uygun kosullar altinda hizla ¢ogalma potansiyeline sahiptir (Walters ve ark., 2011). McLellan ve ark.
(1994) gore Begonia cucullata kismen agik bir orman alti golgelik alanlarda dogallastigini rapor etmislerdir. Bu
rapordan hareketle Turkiye’den kaydi verilen Begonia cucullata var. hookeri’nin de Dogu Karadeniz’in Rize
ilinde, nemli ve ormanlik alanlara yakin yerlerde bulunmasi dogallagsma ihtimalini arttirmaktadir. B.
cucullata’nin dogal olarak Arjantin, Brezilya, Bolivya, Paraguay ve Uruguay’da yetistigi bilinmektedir (POWO,
2024). Bitkinin yetistigi alanlarin cay bitkisi (Camellia sinensis) ile benzer iklimlere sahip oldugu gorilmektedir
(POWO, 2024). Dolayisiyla diinya genelinde Begonia cucullata var. hookeri'nin ¢ay tarimi yapilan yerlerde
gorilmesi olagandir. Cay ve begonya bitkisinin diinyadaki yayilislarinin benzerlik gostermesi de bu kaniyi
glclendirmektedir (Sekil 1).

SONUC ve ONERILER

Begonia cucullata var. hookeri taksonu, Turkiye’nin Karadeniz Bolgesi'ndeki Rize ilinde dogal yayilisi
tespit edilmis ve yapilan taksonomik ¢alismalar ve literatlir taramasi sonucunda Turkiye icin yeni bir istilaci tur
kaydi olarak tanimlanmistir. Bitkinin cay bahgelerinde dogal yollarla yayilmaya basladigi g6zlemlenmistir. istilaci
bir takson olan Begonia cucullata var. hookeri ileriki donemlerde ¢ay alanlarinda sorun meydana getirebilecek
bir diizeye gelebilir.

Cikar Catismasi Beyani: Makale yazarlari aralarinda herhangi bir ¢ikar ¢catismasi olmadigini beyan ederler.

Arastirmacilarin Katki Orani Beyan Ozeti: Yazarlar makaleye esit oranda katki saglamis olduklarini beyan
ederler.
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Bu galisma, ginliik yastaki etlik piliclere ait bazi viicut dlgitlerinin (civciv agirligl, parmak uzunlugu, incik
uzunlugu, civciv uzunlugu) karkas ozellikleri ve yenilebilir i¢ organ agirliklari lGzerine etkilerini arastirmak
amaciyla yuritilmastir. Calismada, 192 adet glinlik yasta erkek broiler civcivi kullanilmistir. Etlik piligler 6nce
muamele gruplarina gore (civciv agirligi, parmak uzunlugu, incik uzunlugu, civciv uzunlugu) 4 gruba ayrilmis
olup, daha sonra her bir grup agirlk (agir-hafif) veya uzunluk (uzun-kisa) durumlarina gore ikiser gruba
ayrilmistir. Vicut olgitlerinden; civciv agirhgr 247.7 ve <47.7 g, parmak uzunlugu >2.01 ve <2.01 cm, incik
uzunlugu >2.9 ve <2.9 cm ve civciv uzunlugu >18.3 ve <18.3 cm olarak planlanmistir. 42 glnlik besi donemi
sonunda vicut agirligi bakimindan agir ve hafif gruplar arasinda, karkas agirligi, but agirligi, gégis agirhg ve
abdominal yag agirliklari arasinda énemli (P<0.05) farklliklar gézlenmistir. Parmak uzunlugu, incik uzunlugu ve
vicut uzunlugu bakimindan ise, uzun ve kisa gruplar arasinda, karkas agirligi, but agirhigi, gogis agirhigi, tashk
agirhigi, karaciger agirhgi, kalp agirligi ve abdominal yag agirliklari arasinda 6nemli (P<0.05, P<0.01) farkliliklar
saptanmistir. Ayrica, karkas 6zellikleri arasinda 6nemli ve pozitif korelasyonlar bulunmustur.

Anahtar kelimeler: Broiler, civciv agirligi, civciv uzunlugu, karkas 6zellikleri, i¢c organ, korelasyon

Effect of Day-Age Chick Weight, Finger Length, Shank Length and Chick Length on Carcass
Characteristics and Internal Organ Weights of Broiler Chickens

ABSTRACT

This study was carried out to investigate the effects of some body measurements (chick weight, finger
length, shank length, chick length) of day-old broiler chicks on carcass characteristics and edible yields. In the
study, 192 day-old male broiler chicks were used. Broiler chicks were first divided into 4 groups according to
treatment groups (chick weight, finger length, shank length, chick length), and then each group was divided
into two groups according to weight (heavy-light) or length (long-short). From body criteria; chick weight >47.7
and <47.7 g, finger length 22.01 and <2.01 cm, shank length 22.9 and <2.9 cm, and chick length >18.3 and <18.3
cm is planned as. At the end of the 42-day fattening period, in different body weight groups (heavy and light
groups) significant (P<0.05) differences were observed between carcass weights, thigh weights, breast weights
and abdominal fat weights. In terms of finger length, shank length and body length (long and short groups)
there were significant (P<0.05, P<0.01) differences between carcass weights, thigh weights, breast weights,
gizzard weights, liver weights, heart weights and abdominal fat weights. In addition, significant and positive
correlations were found between carcass characteristics.

Keywords: Broiler chick, body weight, body length, carcass characteristics, internal organs, correlation.
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INTRODUCTION

One of the important factors affecting profitability in chicken meat production is chick quality (Tona et
al., 2005). It is known that chick quality significantly affects fattening performance and carcass yield in broilers
(ipek and Sézcii, 2013; Zamani et al., 2017). In a production made with the use of poor quality chicks, the losses
in the fattening period can reach a level that cannot be compensated (Kamanli and Durmus, 2010). For this
reason, the necessity of producing quality chicks for hatcheries has come to the fore, as producers desire
higher slaughter weight, carcass weight and carcass yield at the end of the production process. For broilers
producing broilers, in addition to high hatchability, it is important that the survivability of the chicks and broiler
performance meet the expectations of the producer.

Many factors are effective on chick quality, and chick quality also changes depending on the effect levels
of these factors. Quality in chicks is measured by some quantitative and qualitative scoring methods. Factors
such as the age of the breeding flock, the storage conditions of the hatching eggs, the genotype and
hatchability affect the chick quality and therefore the growth rate of broiler chickens (Kamanh and Durmus,
2014; Alshelmani et al., 2016).

If the factors affecting the chick quality are taken into account, the chick quality increases. Genetic
factors affecting the quality are factors such as the shell thickness of the breeding eggs, the white height and
the resistance of the egg shell to breakage. The chick quality of the genotypes and lines with high egg quality is
also good. The age of the breeding flock affects chick quality and hatchability. If the breeder flocks are older,
especially depending on the storage conditions, a decrease in egg white height, an increase in embryo mortality
and poor quality chick rate are observed. Depending on the storage period of eggs belonging to this type of
flock, a decrease in Haugh unit and a decrease in chick quality are observed. Lower hatching power and chick
quality are obtained from very large or small hatching eggs compared to normal ones. Thin-shelled, cracked or
dirty eggs are not recommended to be used as hatching because they affect chick quality (Kamanh and Durmus,
2010).

Studies show that chick size is associated with broiler performance. In order to achieve the desired body
weight in chicks, it is important to pay attention to the optimum weight of hatching eggs. As the egg weight
increases, the chick weight also increases. Ould-Ali and Schulte-Driggelte (2016), Patbandha et al. (2017) and
Naring and Aydemir (2021) reported that body measurements such as chick weight and chick length are among
the important quality parameters. Reijrink and Molenaar (2006) reported that there is a positive correlation
between 7th day live weight and chick length in broiler chickens. Ketels (2011) reported that chick length is not
only associated with broiler performance, but also with the development of internal organs. He explained that
heart and liver weights showed significant differences in long and short chicks. He also stated that it is possible
to calculate flock uniformity by measuring the length of day-old chick. Petek et al., (2008) found a significant
correlation between body length at hatching and live weight in broiler chicks and reported that body length
could be used instead of body weight to determine growth potential in day-old chicks. Meijerhof (2005)
reported that daily chick weight is often considered an important indicator in determining chick quality in
broilers, and measuring chick weight is both easy and objective. He also emphasized that measuring chick
length or shank length is a more practical way to determine chick quality. In addition, he explained that the
correlation of day-old chick length with broiler performance at 6 weeks was higher than its relationship with
day-old chick weight.

Kamanh and Durmus, (2010) reported that determining chick quality by looking at one-day-old live
weight may not give accurate results for the following periods. In poultry, hatching weight is an important
criterion used to measure and determine hatchability (Hill, 2001). Incubation quality is important as it provides
information about embryo development and subsequent performance during the incubation period (Molenaar
et al., 2008). Some studies showed that 7-day-old body weight has a greater effect on performance in the
following weeks rather than starting weight. Willemsen et al., (2008) reported that the relationship between
live weight and carcass weight at 7-10 days of age was higher than the relationship between hatching weight
and carcass weight.

In this study, it was aimed to determine the effects of some body criteria such as chick weight, shank
length, finger length and chick length on carcass characteristics in day-old broiler chickens.

MATERIAL and METHODS

A total of 192 Ross 308 hybrid male chicks were used in the study. The experiment was carried out for
42 days in a windowed coop. The chicks were housed in multi-level broiler cages for the first 2 weeks and were
transferred to the litter system at the end of the 2nd week. The feeds used during the fattening were obtained
from a commercial enterprise. Broilers, 1-14. They were fed with feeds containing 24% crude protein and 3000
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kcal/kg ME between days, and 22% crude protein and 3200 kcal/kg ME from the 15th day to slaughter. The
feed and water needs of the animals were supplied as ad libitum during the fattening period. The chicks were
illuminated 24 hours a day for the first 3 days. The lighting program was applied as 23 hours of light and 1 hour
of darkness from the third day to the cutting. The temperature was kept between 32-33 °C in the first week,
and from the second week it was reduced by 3 °C every week to 18-20 °C towards slaughter.

Chicks were divided into 4 different groups at the age of one day according to 4 different body criteria
(body weight, finger length, shank length, chick length). In order to form the body weight group, 48 chicks
selected randomly were divided into two groups, 24 heavy and 24 light, according to their weight. 24 chicks in
the heavy chick group were randomly divided into 3 and three replication groups of 8 were formed (14
bird/m2). The same method was applied for the light group, and a light group with 3 replications was formed.
In order to determine the length of the chick, 48 chicks were stretched on the ruler, respectively, and the part
of the beak and middle finger of the right foot to the beginning of the nail was measured. The chicks, whose
measurements were completed, were formed in the same way as the body weight group, this time as long and
short groups, with the same number of repetitions. In order to form the shank length group, the distance
between the elbow of the right leg and the starting point of the ankle of 48 chicks was measured with the help
of electronic caliper, and long and short groups were formed. In order to form the toe length groups, long and
short groups were formed by measuring the middle finger of the right foot of 48 chicks to the point of the nail
start with an electronic caliper.

At the end of the fattening period, all broilers were slaughtered and carcass traits were measured. In the
current study, the carcass characteristics of broilers slaughtered at the end of the 42-day fattening period;
carcass weight, carcass percentage, thigh weight, breast weight, wing weight, ridge weight, neck weight and
edible internal organ weights were determined. The study was designed as randomized experimental design.
Data of the examined features were analyzed in the SPSS 22.0 statistical package program. T-test was
performed to determine the differences between groups.

RESULTS and DISCUSSION

Carcass characteristics

The averages of carcass weight, carcass yield, thigh weight, breast weight, wing weight, ridge weight,
neck weight, edible internal organ (gizzard, liver and heart) weights and abdominal fat weights of broiler
chickens at the end of the 6-week fattening period are given in Table 1.

Differences between the mean weights of thigh weight, breast weight and abdominal fat weight
between the heavy and light groups were significant (P<0.05). Values related to the carcass characteristics
were affected by the live weights of day-old chicks. The thigh weight was found to be higher in the heavy
group, and this value was 509.5 g in the heavy group and 487.5 g in the light group. In terms of breast weight, a
higher value (574.5 g) was observed in the light group, while a lower value (545.5 g) was measured in the heavy
group. In terms of abdominal fat content, the heavy group had a higher value (30.0 g), while the light group had
a significantly lower value (26.0 g).

In terms of finger length, the differences between the long and short groups were significant in terms of
carcass weight (P<0.01), thigh weight, breast weight, gizzard weight and abdominal fat weight (P<0.05). The
group with long fingers (1876.5 g) had a higher carcass weight (1575.5 g) than the group with short fingers
(P<0.01). Similarly, higher values (502.5 and 452.5 g) were obtained in terms of thigh weight than the long-
fingered group (P<0.05). While the breast weight was 568.5 g in the long-fingered group, it was 547.5 g in the
short-fingered group (P<0.05). There was also a significant difference between finger length groups in terms of
gizzard weight (P<0.05) and the long finger group had higher gizzard weight (39.5 g). In terms of abdominal fat
level, the heavy group had a higher value (28.5 g), while the light group had a significantly lower value (25.5 g).
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Table 1. Means and standard errors of carcass characteristics and internal organ weights of broiler chickens belonging to experimental groups.

Body weight (g)

Finger length (cm)

Shank length (cm)

Body length (cm)

Heavy Light Long Short Long Short Long Short
Characteristics 247.7 <47.7 P >22.01 <2.01 P 229 <29 P 229 <29 P
Final weight (g) 2269.0+64.1a 2063.5#97.1b ** 2177.5#43.7a 2305.0+53.4b * 2224.5+52.0a 2290.5+61.3a NS 1945.5+66.6a 2113.5+46.4b *
Carcass weight (g)  1707.5#36.5  1709.5#38.2 NS 1876.5#41.2° 1575.5#39.4> ** 1632.0#38.5° 1701.5439.2° *  1432.5#41.2 1548.0#35.2 *
Carcass perc. (%) 7406 74+0.7 NS 69 0.6 69 0.7 NS 70 0.6 69 0.7 NS 71+0.6 72 £0.7 NS
Thigh weight (g) 509.5+0.1° 487.5+04° * 502.5+04° 4525+03Y" * 477.5+0.2° 510.0+0.4° * 4285+0.2° 4695+03% *
Thigh ratio (%) 29.5+0.1 285+0.3 NS  29.5%06 295+0.7 NS  29.5%0.5 305+0.1 NS  29.0%0.3 285+0.8 NS
Breast weight (g) 5455+05° 5745+05° * 5685+03° 5475+0.1° * 5205+0.1" 557.5+0.1* * 470.5+0.1° 5255%0.2° **
Breast ratio (%) 31.5+0.2 335+0.2 NS  30.5%06 345+05 NS 31.5+0.4 325+0.2 NS  32.5%09 335+0.5 NS
Wing weight (g) 187.5+0.2 187.5+05 NS 182.5+0.4 180.0+£0.4 NS 188.0+0.4 184.5+0.7 NS 160.5+0.5 177.5+03 NS
Ridge weight (g) 359.0+0.3 360.5+0.8 NS 3285%0.3 311.5+0.7 NS 3455%0.6 350.5+04 NS 284.5%0.6 2940+0.3 NS
Neck weight (g) 105.5+0.2 99.5+0.1 NS  955+0.3 83.5+0.25 NS 100.5+0.4 99.5+0.2 NS  885%0.9 825+0.1 NS
Heart weight (g) 15.0+0.4 15500 NS  14.5%0.2 145+0.1 NS  14.5%0.5 155+0.9 NS 13.5+0.3° 15.0+0.2° *
Liver weight (g) 51.5+0.5 505+0.3 NS  50.5%0.3 540+04 NS 535%0.3 520+0.2 NS 47.5+0.7° 52.0 +0.1° *
Gizzard weight (g)  40.5+0.2 39.5+0.5 NS 39.5%0.2° 345+0.2°  * 35.5+0.2° 415+04°  * 33.5+0.1 345+0.1 NS
Abdominal fat (g) ~ 30.0£0.22 260+0.3>  * 28.5+0.4° 255+0.5°  * 27.5+0.4° 30.5+0.9°  * 25.5+0.4° 23.5+0.4°>  *

ab: Differences between means with different superscripts in the same row are significant. *: P<0.05, **: P<0.01, NS: Non-significant.
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The differences between the mean carcass weight, thigh weight, breast weight and gizzard weight and
abdominal fat weights of the groups with long and short shank length were found significant (P<0.05). These
properties were significantly (P<0.05) affected by the shank length. Higher carcass weight (1701.5 and 1632.0
g) was observed in the group with short shank length. The thigh weight was similarly higher (510.0 and 477.5 g)
in the short shank group. Breast weight was found to be higher (557.5 and 520.5 g) in the group with short
shanks than in the group with long shanks. In terms of both gizzard weight and abdominal fat weight, a higher
value was obtained in the short shank group compared to the other group (P<0.05).

The differences between the averages obtained from different body length groups in day-old chicks in
terms of characteristics such as carcass weight, thigh weight, breast weight (P<0.01), heart weight, liver weight
and abdominal fat weight were significant (P<0.05). These carcass characteristics were significantly affected by
body length. Carcass weight was higher (1548.0 and 1432.5 g) in the short-bodied group. Again, similar results
were obtained in terms of leg weight and the shorter body group had a higher value. Breast weight was found
to be higher with 525.5 g in the short group, while this value was measured as 470.5 g in the tall group
(P<0.01). In terms of both heart weight and liver weight, higher values were obtained in the short group
compared to the other group (P<0.05). In terms of abdominal fat level, the tall group had a higher (25.5 g)
value, while the short group had a significantly lower (23.5 g) value.

Correlations between carcass characteristics

The correlations of body weight and some carcass characteristics of the experimental groups were
calculated and given on the basis of groups. The correlations of the group with heavy body weight are shown in
Table 2.

Table 2. Correlation coefficients of the group with high body weight.

Traits BW cw cp T™™W BRW AF
BW 1 0.47* 0.63* 0.25 0.32* 0.96*
cwW 0.47* 1 0.26 0.36** 0.12** 0.41
Cp 0.63* 0.26 1 0.45 0.11 0.41
T™W 0.25 0.36** 0.45 1 0.19** 0.19

BRW 0.32* 0.12%** 0.11 0.19** 1 0.41
AF 0.96* 0.41 0.41 0.19 0.41 1

*: P<0.05, **: P<0.01. BW: Body weight, CW: Carcass weight, CP: Carcass percentage, TW: Thigh
weight, BRW: Breast weight, AF: Abdominal fat.

When Table 2 is examined, it is seen that there are significant correlations between some features of
the heavy group. There is a positive and significant relationship between live weight and carcass weight,
carcass percentage, breast weight, thigh weight and abdominal fat weight, between carcass weight and thigh
weight and breast weight, between leg weight and carcass weight and breast weight (P<0.05, P<0.01)
relationships were determined. The correlations of the light weight group are given in Table 3.

Table 3. Correlation coefficients of the group with light body weight.

Traits BW W cp T™W BRW AF
BW 1 0.13 0.45 0.16 0.19 0.43
cwW 0.13 1 0.12 -0.09** 0.14 0.33
cp 0.45 0.12 1 0.17 0.16 0.19
T™W 0.16 -0.09%** 0.17 1 0.64 0.14
BRW 0.19 0.14 0.16 0.64 1 0.17

AF 0.43 0.33 0.19 0.14 0.17 1

**. P<0.01. BW: Body weight, CW: Carcass weight, CP: Carcass percentage, TW: Thigh weight, BRW: Breast weight, AF:
Abdominal fat.
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In Table 3, it is seen that there are significant correlations between some characteristics of the light
group. There were positive and significant (P<0.01) relationships between carcass weight and thigh weight, and
between carcass weight and thigh weight. Correlations of the long-fingered group are given in Table 4.

Table 4. Correlation coefficients of the long-fingered group.

Traits BW cw Ccp T™W BRW AF
BW 1 0.05 0.16 0.41* 0.63 0.14
CcwW 0.05* 1 0.45 0.15** 0.41** 0.16*
cp 0.16 0.45 1 0.23 0.14 0.46
TW 0.41* 0.15** 0.23 1 0.15** 0.15

BRW 0.63 0.41** 0.14 0.15** 1 0.17**
AF 0.14 0.16* 0.46 0.15 0.17** 1

*: P<0.05, **: P<0.01. BW: Body weight, CW: Carcass weight, CP: Carcass percentage, TW: Thigh weight,
BRW: Breast weight, AF: Abdominal fat.

It is seen in Table 4, it is seen that there are significant correlations between some traits of the long-
fingered group. Positive and significant (P<0.05, P<0.01) correlations were found between body weight and
carcass weight, between carcass weight and thigh weight, breast weight and abdominal fat weight, and
between thigh weight and breast weight. Correlations of the short-fingered group are given in Table 5.

Table 5. Correlation coefficients of the short-fingered group.

Traits BW cwW Cp T™W BRW AF
BW 1 0.15 0.64 0.45* 0.41* 0.44
cw 0.15 1 0.12 0.13** 0.44* 0.19
CcP 0.64 0.12 1 0.41 0.13 0.41
T™W 0.45* 0.13** 0.41 1 0.41 0.12

BRW 0.41* 0.44* 0.13 0.41 1 0.41
AF 0.44 0.19 0.41 0.12 0.41 1

*: P<0.05, **: P<0.01. BW: Body weight, CW: Carcass weight, CP: Carcass percentage, TW: Thigh weight, BRW: Breast
weight, AF: Abdominal fat.

In Table 5, it is seen that there are significant correlations between some features of the short-fingered
group. There were positive and significant (P<0.05, P<0.01) correlations between thigh weight and breast

weight, and between thigh weight and breast weight. Correlations of the long shank group are given in Table 6.

Table 6. Correlation coefficients of the long shank group.

Traits BW cwW Cp T™W BRW AF
BW 1 0.19* 0.23 0.18* 0.49* 0.41
CwW 0.19* 1 0.14 0.46 0.74 0.81
CcpP 0.23 0.14 1 0.41 0.13 0.23
T™W™W 0.18* 0.46 0.41 1 0.19 0.86

BRW 0.49* 0.74 0.13 0.19 1 0.14
AF 0.41 0.821 0.23 0.86 0.14 1

*: P<0.05. BW: Body weight, CW: Carcass weight, CP: Carcass percentage, TW: Thigh weight, BRW: Breast weight, AF:
Abdominal fat.

When Table 6 is examined, it is seen that there are significant correlations between some
characteristics of the long shank group. It was observed that there were positive and significant (P<0.05)
relationships between body weight and carcass weight, thigh weight and breast weight. Correlation coefficients
of the short shank group are given in Table 7.
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Table 7. Correlation coefficients of the short-shank group.

Traits BW CcwW cp T™W BRW AF
BW 1 0.13 0.19 0.16 0.22 0.11
cw 0.13 1 0.19 0.36** 0.41** 0.14
cp 0.19 0.19 1 0.53 0.71 0.91
T™W 0.16 0.36** 0.53 1 0.49** 0.34

BRW 0.22 0.41** 0.71 0.49** 1 0.17
AF 0.11 0.14 0.91 0.34 0.17 1

**. P<0.01. BW: Body weight, CW: Carcass weight, CP: Carcass percentage, TW: Thigh weight, BRW: Breast weight, AF:
Abdominal fat.

In Table 7, it is seen that there are significant correlations between some characteristics of the short
shank group. Positive and significant (P<0.01) correlations were found between carcass weight and thigh
weight and breast weight, and between breast weight and thigh weight. Correlations of the tall group are given
in Table 8.

Table 8. Correlation coefficients of the tall group.

Traits BW CcwW cp T™W BRW AF
BW 1 0.15 0.16 0.55* 0.23* 0.41
W 0.15 1 0.19 0.44 0.32* 0.79
Cp 0.16 0.19 1 0.41 0.39 0.73
T™W 0.55* 0.44 0.41 1 0.41 0.13*

BRW 0.23* 0.32* 0.39 0.41 1 017
AF 0.41 0.79 0.73 0.13* 0.17 1

**. P<0.05. BW: Body weight, CW: Carcass weight, CP: Carcass percentage, TW: Thigh weight, BRW: Breast weight, AF:
Abdominal fat.

It is seen in Table 9, it is seen that there are significant correlations between some features of the long-
fingered group. There were positive and significant (P<0.05) relationships between body weight and carcass

weight, thigh weight, breast weight.

Table 9. Correlation coefficients of the short group.

Traits BW CW CpP TW BRW AF
BW 1 0.13* 0.63 0.46* 0.74* 0.11
cw 0.13* 1 0.41 0.33 0.41 0.12
CcP 0.63 0.41 1 0.11 0.14 0.74
T™W 0.46* 0.33 0.11 1 0.14 0.13

BRW 0.74* 0.41 0.14 0.14 1 0.14
AF 0.11 0.12 0.74 0.13 0.14 1

*: P<0.05. BW: Body weight, CW: Carcass weight, CP: Carcass percentage, TW: Thigh weight,
Abdominal fat.

BRW: Breast weight, AF:

SONUC ve ONERILER

It was determined that the selection of chicks according to their body weight on the first day affected
the thigh weight, breast weight and abdominal fat weight significantly (P<0.05) at the end of the 6-week
period. In terms of thigh weight, a higher value was obtained in the heavy group, while the breast weight was
higher in the light group. Abdominal fat weight was also affected by daily body weight and was higher in the
heavy group. Differences between other averages of carcass characteristics were found to be insignificant. The
results obtained were similar to studies showing that chicks with high daily body weight gain more thigh weight
in the following periods (Hill, 2001).

In the study, it was determined that the differences between carcass weight, thigh weight, breast
weight, gizzard weight and abdominal fat weight of the animals belonging to the finger length groups were
significant (P<0.01, P<0.05). The fact that day-old chicks have different finger lengths affects their carcass
characteristics. In terms of features such as carcass weight, leg weight, breast weight, gizzard weight and
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abdominal fat weight, higher values were determined than the group with long fingers. It can be said that
finger length can be an important criterion in the selection of day-old chicks.

In the study, it was observed that the selection of day-old broiler chicks according to shank length
affected some important carcass characteristics. According to the results obtained, properties such as carcass
weight, leg weight, breast weight, gizzard weight and abdominal fat weight were significantly (P<0.05) affected
by shank length. These characteristics were found to be higher in chickens in the group with short shank length.
According to this result, the short shank length in day-old chicks can be seen as an advantage. It can be said
that shank length can be a criterion in terms of chick quality in selection in broiler production. The results were
in agreement with the findings reported by Abiola, (2008).

The effect of chick length, which is another body criterion, on some carcass characteristics of broilers
was found to be significant (P<0.05, P<0.01). The attributes affected by this criterion were carcass weight, thigh
weight, breast weight, heart weight, liver weight, and abdominal fat weight. In the group with short chick
length, the values of carcass weight, leg weight, breast weight, heart weight and liver weight, except for
abdominal fat weight, were higher. Abdominal fat weight was measured more in the group with tall chicks.
Other carcass characteristics examined in the study were not significantly affected by chick size. According to
the results obtained, it can be said that body length is an important criterion affecting the carcass
characteristics in day-old chicks.

Considering the correlations between some characteristics of the groups, significant (P<0.05, P<0.01)
and positive correlations were found between carcass weight, thigh weight, breast weight, heart, liver and
abdominal fat for body weight, finger length, shank length and body length groups.

It was observed that 4 different body criteria such as chick weight, finger length, shank length and chick
length of the broiler chicks examined in this study were effective on the carcass characteristics of the chickens
slaughtered after the 6-week fattening period. The body criteria in question will facilitate the selection of chicks
and the determination of chick quality. However, it can be said that the studies on this subject are still
insufficient and it is necessary to carry out different studies.

Cikar Catismasi Beyani: Makale yazarlari aralarinda herhangi bir ¢ikar ¢atismasi olmadigini beyan ederler.

Arastirmacilarin Katki Orani Beyan Ozeti: Yazarlar makaleye esit oranda katki saglamis olduklarini beyan
ederler.
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Bu calismada, gokbas bitkisi (Cyanus depressus) ve mikroalg (Schizochytrium sp.) 6zitlerinin sinerjik
etkileri sazan baliginin (Cyprinus carpio) blylime performansi ve gen ifade dizeyleri Gizerinde incelenmistir.
Ortalama canl agirhig 3,71 £ 0,16 g olan sazanlar, 60 giin boyunca 0 (kontrol), 0,05 (CS0O5) ve 0,1 (CS1) g/kg
oranlarinda bu 6zitlerin karisimi (CS) ilave edilmis yemlerle beslenmistir. Arastirma sonuglari, 0,05 ve 0,1 CS g/kg
katkili yemlerin sazanlarin canh agirlik kazanci ve spesifik blilyiime oraninda 6nemli iyilesmeler sagladigini
gdstermistir (p<0,05). Ozellikle 0,05 CS g/kg katkili yemle beslenen baliklarda siiperoksit dismutaz (SOD) ve
katalaz (CAT) genlerinin ifade diizeylerinde anlamli artislar kaydedilmistir (p<0,05). Ayrica bagisiklik gostergesi
olarak degerlendirilen interlokin-1 beta (IL-1B) gen ekspresyonunun, CS iceren yemlerle beslenen tiim gruplarda
kontrol grubuna gore daha yiiksek oldugu belirlenmistir. Sonug olarak, Cyanus depressus ve Schizochytrium sp.
Ozutlerinin %0,05 seviyesinde yem katkisi olarak kullanilmasi, sazan baligi yetistiriciliginde bliyime ve bagisiklik
parametrelerini iyilestiren, verim artirici bir alternatif yem katki maddesi olarak énerilmektedir.

Anahtar kelimeler: Cyanus depressus, Ekstrakt, Yem takviyesi, Gen ifadesi, Schizochytrium sp.

Synergistic Effects of Cyanus depressus and Schizochytrium sp. Extracts on Growth Indices
and The Expression Levels of Antioxidant and Immunity-Related Genes in Common Carp
(Cyprinus carpio)

ABSTRACT

This study investigated the synergistic effects of cornflower (Cyanus depressus) and microalgae
(Schizochytrium sp.) extracts as alternative feed additives on the growth performance and expression levels of
antioxidant and immunity-related genes in common carp (Cyprinus carpio). Juvenile carp with an average weight
of 3.71 + 0.16 g were fed diets supplemented with 0 (Control), 0.5 (CS05), and 1 (CS1) g/kg of extract blend (CS)
for 60 days. The results revealed significant improvements in weight gain and specific growth rate in carp fed
diets containing 0.5 and 1 g/kg CS (p<0.05). Notably, fish fed the diet with 0.5 g/kg CS exhibited the highest
expression levels of superoxide dismutase (SOD) and catalase (CAT) genes (p<0.05). Additionally, the interleukin-
1 beta (IL-1B) gene, considered a marker of immune response, was upregulated in all experimental groups fed
CS-supplemented diets compared to the control. In conclusion, the supplementation of Cyanus depressus and
Schizochytrium sp. extracts at a level of 0.5 g/kg in the diet is recommended as an effective alternative feed
additive to enhance growth performance and immune health in common carp aquaculture.

Key words: Cyanus depressus, Extract, Feed supplement, Gene expression, Schizochytrium sp.
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111


mailto:borankaratas@yyu.edu.tr
https://orcid.org/0000-0003-4353-1293

Turk Tarim ve Doga Bilimleri Dergisi 12(1): 111-121, 2025

The growing global demand for high-quality fish products has positioned aquaculture as vital to food
security. This sector faces the challenge of ensuring sustainability while meeting consumer expectations for
health benefits and environmental responsibility (Boyd et al., 2020; Ababouch et al., 2023; Estim et al., 2024). To
address these challenges, innovative nutritional strategies focused on promoting growth, enhancing immunity,
and improving the overall health of farmed fish are essential (Dawood et al., 2018; Ahmadifar et al., 20213;
Sarker, 2023). Recent trends reveal a significant shift toward natural feed additives, particularly those derived
from marine algae and terrestrial plants, as viable alternatives to synthetic growth promoters and immune
stimulants (Idenyi et al., 2022; Rombenso et al., 2022; Eroldogan et al., 2023). These natural compounds not only
support fish physiology but also help reduce environmental impact, aligning with consumer preferences for
cleaner, more sustainable aquaculture practices (Gephart et al., 2020; Reverter et al., 2021; Wang et al., 2024).

Among promising natural additives, Schizochytrium sp., a marine microalga, has garnered particular
attention due to its high omega-3 PUFA content, especially docosahexaenoic acid (DHA) (Bélanger et al., 2021,
Trevi et al., 2023). DHA is an integral part of fish cell membranes, contributing to membrane fluidity, immune
modulation, and gene expression regulation (Hashimoto et al., 2017; Magalhdes et al., 2021; Koven et al., 2024).
Numerous studies have demonstrated that incorporating Schizochytrium sp. into fish diets enhances growth
metrics, boosts antioxidant defences, and strengthens immune responses across species, including Nile tilapia
(Souza et al., 2020), Atlantic salmon (Kousoulaki et al., 2022), and rainbow trout (Serrano et al., 2021).
Furthermore, DHA supplementation has been associated with enhanced antioxidant defences that mitigate
oxidative stress, a common concern in intensive aquaculture systems (Bi et al., 2018; Zhang et al., 2019; Ji et al.,
2025).

Parallel to research on marine-derived compounds, terrastial plant extracts rich in bioactive molecules,
such as phenolic compounds, have shown beneficial effects in aquaculture (Ahmadifar et al., 2021b; Tadese et
al.,, 2022; Naiel et al., 2023; Kalaiselvan et al., 2024). Cyanus depressus, a terrestrial plant noted for its high
phenolic and flavonoid content, exhibits strong antioxidant and immunomodulatory properties (Khammar &
Djeddi, 2012; Escher et al., 2018; Fattaheian-Dehkordi et al., 2021; Gawlik-Dziki et al., 2023). According to Karatas
(2024), this plant may serve as an effective alternative feed additive, with potential benefits for fish growth and
overall health. While previous research has established the individual benefits of each extract, there remains a
significant knowledge gap regarding their combined effects on enhancing growth and improving fish
physiological status, particularly through the regulation of antioxidant and immune-related pathways.
Investigating the interactions between these extracts and their effects on growth indices and key gene expression
markers is crucial for optimizing feed efficiency and fish health in commercial aquaculture. Including these
natural additives not only supports the physiological needs of fish but also aligns with increasing consumer
demand for chemical-free aquaculture products.

This study investigates the synergistic effects of Cyanus depressus and Schizochytrium sp. extracts on
growth and gene expression in common carp (Cyprinus carpio), a species of considerable commercial importance.
Like many aquaculture species, carp face challenges related to oxidative stress and disease susceptibility under
intensive farming conditions (Martos-Sitcha et al., 2020; Ciji & Akhtar, 2020; Song et al., 2023). By analyzing
growth indices and the expression of key antioxidant genes (SOD and CAT) and the immune-related gene IL-1,
this research aims to provide valuable insights into how these natural additives can support fish health. In
conclusion, this study evaluates the potential of Cyanus depressus and Schizochytrium sp. extracts as synergistic
dietary supplements for improving growth performance and enhancing the expression of antioxidant and
immune-related genes in carp. The findings aim to contribute to the development of sustainable and effective
dietary strategies in aquaculture, fostering healthier fish and optimizing production outcomes.

MATERIALS AND METHODS
Ethical approval

This experiment was approved by the Van Yiziincl Yil University Local Ethics Committee for Animal
Experiments (protocol no: 2023/13-31) and conducted in accordance with established ethical guidelines.
Preparation of extracts

The Cyanus depressus plants used in this study were collected from the campus of Van Yuzinci Yil
University (Van, Turkey). For preparing the ethanol extracts, dried flower parts were ground into powder, and a
total of 40 g of flower powder was combined with 1 L of 80% ethanol, shaken for 24 hours (Duman et al., 2022;
Karatas 2024). Schizochytrium sp. was obtained in powder form from Marine Biotechnology Products (Aydin,
Turkey). The microalgae powder was combined with 1 L of 80% ethanol at a ratio of 1:5 and gently shaken for 48
hours (Kiadaliri et al., 2020). Both mixtures were filtered initially through sterile cheesecloth, then centrifuged at
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3500 rpm for 5 minutes. The filtrates were further clarified using Whatman filter paper (No. 1). After filtration,
ethanol was evaporated at 40°C in a rotary evaporator to yield a concentrated extract. The concentrate was
freeze-dried at -85°C and stored at -20°C until further experimental applications (Karatas 2024).
Incorporation of extracts into experimental diets

The extract mixture was prepared by thoroughly mixing equal volumes of each extract. To formulate
experimental diets, basal diet (46% crude protein, 19% crude lipid, 2.7% crude fiber, 8.7% crude ash, 1.7%
calcium, 1.23% phosphorus, and 0.3% sodium; Skretting (Milas-Mugla/Turkey)) was supplemented with extract
mixtures at levels of 0 (Control), 0.5, and 1 g/kg. Briefly, the basal diet was moistened with 300 ml of water per
kg until a smooth dough formed, then the extract mixture was added and thoroughly mixed. The dough was
passed through a mincer to form sticks, which were dried under a fan at 22°C. These dried sticks were pelletized
(3 mm) and stored at 4°C in plastic bags until use (Hoseinifar et al., 2017; Rajabiesterabadi et al., 2020;
Ghafarifarsani et al., 2021).
Fish rearing and feeding protocols

The study was conducted at the Aquatic Organisms Research Unit of Van Ylzlinct Yil University (Van,
Turkey). Carp (C. carpio) were obtained from this facility and acclimated to experimental conditions for two
weeks. Afterward, 108 healthy fish with an average weight of 3.71 £ 0.16 g were randomly distributed into nine
aquaria (100 L each) at a density of 12 fish per aquarium, with three replicates. Fish were fed twice daily at 3%
of their body weight for 60 days (Ghafarifarsani et al., 2021). Bi-weekly, total fish weights per aquaria were
assessed, and feed amounts were adjusted based on the latest average weights. During the experiment, each
aquarium was aerated by a central air pump, and 50% of the water was replaced daily with dechlorinated water.
Additionally, waste materials were regularly siphoned from the aquaria bottom. Physicochemical parameters of
the rearing water were maintained at 22.46 *+ 0.33°C (temperature), 8.2 + 0.1 (pH), and 6.71 + 0.18 mg/L
(dissolved oxygen). A photoperiod of 12:12 h light-dark cycle was provided using artificial lighting.
Growth indices and sampling

Fish were weighed at the start of the feeding trial and after 60 days, and growth indices were calculated
using the following standard formulas:

Weight gain (WG; g/fish) = Final weight (g) - Initial weight (g),

Daily weight gain (DWG; g/fish) = (Final weight (g) - Initial weight (g)) / days,

Specific growth rate (SGR; %/day) = ((In (final weight) — In (initial weight)) / days) x 100,

Thermal growth coefficient (TGC) = (((final weight)1/3 — (initial weight)1/3) / temperature in °C x time in
days) x 1000,

Feed conversion ratio (FCR) = Total feed given (g) / Weight gain (g),

Survival rate (SR; %) = (Final number of fish / Initial number of fish) x 100.

Prior to sampling, fish were fasted for 24 hours to allow for gut clearance. For gene expression analyses,
six fish per treatment (two fish per aquarium) were randomly selected and anesthetized with clove powder (150
ppm) (Ghafarifarsani et al., 2021). Liver tissues were rapidly dissected from the sampled fish, with 25-50 mg of
liver tissue collected and preserved in RNAlater solution until RNA isolation.
Gene expression analysis

Total RNA isolation was performed using the DiaRex® Total RNA Extraction Kit (TR-0877-100, Diagen,
Ankara, Turkey) following the manufacturer’s protocol. RNA quantity and purity were evaluated using a
nanospectrophotometer (QlAxpert) at 260 and 280 nm. cDNA synthesis was subsequently performed with the
Solver ArGe cDNA Synthesis Kit (SLV-M-2021-10-100, Van, Turkey)(Onalan, 2019). Real-time PCR was conducted
on a RotorGene Q 9000 (Qiagen) using Solver ArGe qPCR Master Mix (SLV-M-2021-01-0.5ML Van, Turkey). A total
of four genes were analyzed, including three target genes and one reference gene. The PCR reaction mixture
consisted of 21 pL total volume: 12 plL SybrGreen gPCR Master Mix, 2.5 uL forward and reverse primers, 4 uL
H20, and 4 puL cDNA. The PCR protocol involved an initial incubation at 95°C for 10 minutes, followed by 45 cycles
of denaturation at 94°C for 15 seconds and annealing at 63°C for 45 seconds. Beta-actin served as the reference
gene to normalize Ct values from real-time PCR. Data analysis was conducted using the AACT method (Livak and
Schmittgen, 2001).

Table 1. Primer sequences used to determine the expression of antioxidant and immune response genes in carp.

Gene name Primer sequence (5" to 3°) Primer  Annealing Reference
Efficacy Tm (°C)
B-actin (Beta-actin) F: CCTGTATGCCAACACCGTGCTG %98 63 Hoseini et al., 2020;
R: CTTCATGGTGGAGGGAGCAAGG Fazelan et al., 2020
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CAT (Catalase) F: AGACGACACCCATCGCTGTTCG %99 63 Hoseini et al., 2020;

R: AAGGTCCCAGTTGCCCTCATCG Fazelan et al., 2020
SOD (Superoxide F: TGAGCTGTCGGAAGCCATCAAG %97 63 Hoseini et al., 2020;
dismutase) R: TTGGTTCCCACATGCAGCAATCC Fazelan et al., 2020
IL-1B (Interleukin-1 Beta) F: ACCAGCTGGATTTGTCAGAAG %99 55 Hoseini et al., 2020;

R: ACATACTGAATTGAACTTTG Fazelan et al., 2020

Statistical analysis

All statistical analyses were performed with SPSS version 20. Data were checked for normality and
homogeneity of variance before proceeding. Differences among groups were evaluated using one-way analysis
of variance (ANOVA). When significant differences (p <0.05) were found, Duncan’s multiple range test was
applied for post hoc comparisons. Results are reported as means + standard error.

RESULTS
Growth indices

Growth indices for carp are presented in Table 2. During the 60-day feeding trial, no mortality was
observed in the control or extract mixture groups (CS). The inclusion of a mixture of Cyanus depressus and
Schizochytrium sp. extracts in the diet significantly improved FW, WG, SGR, DWG, and TGC values in fish
compared to the control group (P < 0.05). Growth indices were highest in the CS1 group among the CS treatment
groups. The most favorable (i.e., lowest) FCR was observed in the CS05 and CS1 groups (P < 0.05).

Table 2. Growth performance parameters of carp fed diets supplemented with different levels of extract mixture
for 60 days.

Experimental diets

Growth performance

Control CS05 cs1
Initial weight (g) 3.71+£0.03 3.7140.01 3.71+0.02
Final weight (g) 17.67 £0.24" 21.84+0.78° 22.01+0.65°
WG (g) 13.96+0.25° 18.14+0.79° 18.30+0.65°
DWG (g) 0.24 +0.00° 0.32+0.01° 0.32+0.01°
SGR (%/day) 2.78+0.02° 3.16 £0.07 ® 3.17£0.05°
TGC 0.84+0.01° 0.99+0.02° 0.99+0.02°
FCR 2.19+0.01° 1.62+0.02° 1.58+0.01°
SR (%) 100 100 100

Results are presented as mean * S.E. (n = 3). Different superscript letters within the same row indicate significant treatment
differences. Letters a and b in the same row denote statistical significance (p<0.05).

Abbreviations: WG, Weight Gain; SGR, Specific Growth Rate; DWG, Daily Weight Gain; TGC, Thermal Growth Coefficient; FCR, Feed
Conversion Ratio; SR, Survival Rate.

Gene expression associated with antioxidant and immune responses

Changes in the expression levels of genes encoding the antioxidant enzymes CAT and SOD are presented
in Figure 1. Results indicate that CAT gene expression was significantly upregulated in the CS05 group compared
to the control and CSO1 groups (p < 0.05). For SOD expression levels, upregulation was observed in the CS05
group compared to the control, while downregulation was noted in the CS1 group relative to the control (p <
0.05). The expression levels of the IL-1B gene, associated with immune response, are shown in Figure 1. According
to these findings, IL-1B gene expression was significantly upregulated in the CS05 and CS1 groups compared to
the control group.
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Figure 1. Synergistic effects of Cyanus depressus and Schizochytrium sp. extracts on the expression levels of
antioxidant and immunity-related genes in carp after 60 days of feeding trial (n = 6).

DISCUSSION

With the increase in fish production in aquaculture, numerous microalgae and medicinal plants are now
commonly used as feed additives due to their beneficial effects (lvanova et al., 2024; Jitendrasinh et al., 2024;
Onomu and Okuthe, 2024; Vijayaram et al., 2024). Studies have reported that these additives, or their extracts,
improve growth indices, antioxidant status, and immune responses in aquatic animals (Vijayaram et al., 2022;
Tadese et al., 2022; Bahi et al., 2023). However, these effects mostly focus on the individual use of medicinal
plants and microalgae. To our knowledge, no prior research has examined the combined dietary
supplementation of Cyanus depressus and Schizochytrium sp. extracts in fish. Therefore, this study was designed
to evaluate the effects of combined dietary supplementation of Cyanus depressus and Schizochytrium sp. extracts
on growth indices and gene activities related to antioxidant and immune responses in carp.

Findings from the present study indicate that a combination of Cyanus depressus and Schizochytrium sp.
extracts added to carp diets had a beneficial effect on fish growth indices. Compared to the control (C) group,
fish fed diets containing a combination of plant and microalgae extracts (CS) demonstrated significant
improvements in growth indices such as WG and SGR, regardless of supplementation level. Additionally, all
groups receiving diets with CS extracts showed marked improvements in FCR values. The observed
improvements in growth indices may be attributed to various bioactive compounds found in plant and algae
extracts that enhance feed palatability and intake (Dawood et al., 2018; Nagarajan et al., 2021; Kuebutornye et
al., 2024). Previous studies have also shown that compounds like flavonoids and phenolic acids, present in Cyanus
depressus and Schizochytrium sp. extracts, positively influence growth indices in various fish species (das Neves
etal.,, 2021; Xu et al., 2022; Ghafarifarsani et al., 2023; Jin et al., 2023; Lin et al., 2024). Furthermore, as reported
in prior studies (das Neves et al., 2021; Zhang et al., 2023; Shang et al., 2024), these bioactive compounds can
stimulate digestive enzyme production, thereby improving feed digestibility and nutrient absorption. Improved
growth indices observed here may thus be linked to increased digestive enzyme activity and enhanced nutrient
absorption (Jeney et al., 2015; Yousefi et al., 2021; Karatas, 2024). Additionally, previous studies investigating
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Cyanus depressus (Karatas, 2024) and Schizochytrium sp. (Dos Santos et al., 2019; Xie et al., 2019; Li et al., 2023)
as individual feed additives reported their positive impact on fish development. To date, no data on the combined
effects of Cyanus depressus and Schizochytrium sp. extracts on fish growth indices exists. However, prior studies
on combined feed additives have highlighted the beneficial effects of combination applications over single
additives (Abu-Elala et al., 2016; Ghafarifarsani et al., 2021; Sattanathan et al., 2022; Yousefi et al., 2022;
Rashidian et al., 2023).

The efficacy of antioxidants in reducing oxidative stress is often influenced by specific aquaculture
conditions, dietary applications, and environmental parameters (Zhang et al., 2020; Mugwanya et al., 2023;
Karatas, 2024). In the present study, SOD and CAT gene expression levels were significantly elevated in the CS05
group compared to the control and CS1 groups. These findings suggest that the combination of Cyanus depressus
and Schizochytrium sp. extracts can enhance the capacity of the antioxidant system, potentially protecting
organisms from oxidative damage. However, determining the appropriate dosage is crucial in combination
applications. In this study, among the concentrations evaluated, the 0.5 g/kg treatment demonstrated the most
beneficial effect on antioxidant capacity, indicating that specific dosages can impact antioxidant status. The
increase in CAT and SOD levels in the CS05 group may be attributed to bioactive compounds present in Cyanus
depressus and Schizochytrium sp. extracts. These bioactive compounds function as potent antioxidants,
neutralizing reactive oxygen species (ROS) before they cause harmful physiological effects in cells (Pradhan et
al., 2021; Zhou et al., 2022). Furthermore, previous research has highlighted beneficial impacts of compounds
such as fumaric acid, quinic acid, 4-hydroxybenzoic acid, chlorogenic acid, luteolin, and gallic acid components
of the Cyanus depressus and Schizochytrium sp. extract blend on enhancing antioxidant capacity in aquatic
species (Ghafarifarsani et al., 2023; Jin et al., 2023; Zhang et al., 2023; Lin et al., 2024; Karatas, 2024).

IL-1B is a cytokine protein secreted by various immune cells, primarily monocytes and macrophages,
and plays a role in inflammatory processes (Hoseinifar et al., 2022). IL-1pB is essential for regulating the innate
immune response, and several studies have suggested that monitoring expression levels can provide insights into
immune response changes (Ahmadifar et al., 2023; Hoseinifar et al., 2023; Shang et al., 2024). In our study,
notable differences in IL-1B gene expression levels related to immunity were recorded among treatments, with
the highest IL-1B expression observed in fish subjected to CS containing diets, irrespective of supplementation
level. The elevated IL-1B levels compared to the control group may be attributed to compounds such as
flavonoids and antioxidants in the Cyanus depressus and Schizochytrium sp. extract combination. Research has
shown that specific phenolic compounds present in these materials possess immune-enhancing properties (Jin
etal., 2023; Zhang et al., 2023; Lin et al., 2024). Consistent with these findings, the elevated levels of the selected
immune gene in this study demonstrate the immunostimulatory effect of the dietary Cyanus depressus and
Schizochytrium sp. extract combination at a molecular level in carp.

CONCLUSION

In conclusion, this study demonstrates that the combined dietary supplementation of Cyanus depressus
and Schizochytrium sp. extracts significantly enhances growth performance, antioxidant capacity, and immune
responses in carp (Cyprinus carpio). The combination effectively improved growth indices, feed conversion ratio,
and upregulated the expression of key antioxidant genes (SOD, CAT) and the immune-related gene (IL-1PB),
suggesting enhanced nutrient utilization and immune function. Importantly, a dosage of 0.5 g/kg of the extract
blend proved to be the most beneficial in this study. These findings underscore the potential of this natural
extract combination as a sustainable and efficient feed additive, providing valuable insights for promoting fish
health and optimizing aquaculture practices.
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Bu calismada kulugkalik yumurtalarinda sekil indeksinin, civciv uzunlugu, cinsiyet, dolltlik orani,
kulucka randimani, cikis giicti izerine etkileri incelenmistir. Calismanin verilerini 1008 adet kuluckalik broyler
yumurtasi olusturmustur. Veriler SPSS paket programinda ki-kare kullanilarak analiz edilmistir. Calisma
sonucunda cikis glicli, embriyonik 6liimler, dollilik oraninda en iyi sonuglar sekil indeksinin %72-76 arasinda
oldugu gruptan elde edilmistir. Dolayisiyla kulugkalik yumurtalarda sekil indeksinin %72-76 arasinda (normal
sekilli) olmasi basarili bir kulugka i¢in 6nemli oldugu sonucuna variimistir. Calismada sekil indeksinin civciv
cinsiyeti Uzerinde bir etkisi olmadig tespit edilmistir.

Anahtar kelimeler: Civciv uzunlugu, cikis giicti, dolltluk orani, kulucka randimani, sekil indeksi.

Effect of egg shape index on hatching performance and gender

ABSTRACT

In this study, the effects of shape index on chick length, gender, fertility rate, hatchability and hatching
power in hatching eggs were investigated. The data of the study consisted of 1008 broiler hatching eggs. The
data were analyzed using chi-square in the SPSS package program. As a result of the study, the best results in
hatchability, embryonic deaths and fertility rates were obtained from the group where the shape index was
between 72-76%. Therefore, it was concluded that the shape index in hatching eggs should be between 72-76%
(normal shape) for successful incubation. In the study, it was determined that the shape index had no effect on
the chick gender.

Key words: Chick length, hatching power, fertility rate, hatchability, shape index.

INTRODUCTION

The livestock sector has an important and continuous role in the nutrition of societies, and poultry
breeding and feeding models strive to produce the healthiest solution for human nutrition in the shortest time
(Karakaya & inci, 2014).

Shape index is one of the external quality traits used to determine egg quality in poultry (Celik et al.
2017; Durmus, 2014). Egg shape index is the ratio of egg width to length (Tirkoglu & Sarica 2014; inci et al.
2015), and the “normal” chicken egg has an elliptical shape (Jacqueline et al. 2000). It is the egg shape that
remains unchanged throughout all stages of incubation. In order to ensure a high rate of chick hatching, in
addition to optimum incubation conditions, hatching eggs must also have appropriate characteristics. Any
abnormality in the physical properties of the egg leads to the deterioration of basic functions that will provide
the best conditions for embryo development (Durmus, 2014). Better hatching is achieved from eggs with a
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normal shape than from eggs with an abnormal shape. Therefore, better hatching results are obtained from
eggs with a shape index between 72-76% (Durmus, 2014).

Worldwide, early gender determination in eggs used in incubation of laying hens is a critical issue
related to the welfare of poultry animals. Gender determination is important in poultry farms depending on the
production objectives (Alasahan & Akpinar, 2014). Due to differences in nutritional requirements, growth rate,
marketing age, management and nutrition of male and female animals, raising males and females separately
requires sex determination (Kaleta & Redmann, 2008; Tran et al., 2010; Saatci et al., 2011; Sari et al., 2013;
Shafey et al., 2013; Alasahan & Akpinar 2014). Pastrana et al. (2019) reported that sex determination in chicks
can be used in planning conservation and breeding programs of endangered local breeds. This study was
conducted to investigate the effects of shape index on chick length, gender, fertility rate, hatchability and
hatching power in hatching eggs.

MATERIAL and METHOD

In the study, a total of 1008 hatching eggs obtained from a 53-week-old flock (ROSS 308) were divided
into 3 groups according to their shape index as 1) Shape index 72% and lower (SI<72), 2) Shape index 72-76%
range (72<SI<76), 3) Shape index 76% and above (SI276) and egg weights were determined. On the 18" day of
incubation, fertility control was performed on the eggs and they were transferred to the hatcher. Eggs that did
not hatch as a result of incubation were broken and early (<6 days), middle (7-15 days) and late (16 days+
bursting through the shell and dying) embryonic deaths were determined. Each chick was weighed with a scale
with a sensitivity of 0.01 g and the chick weight and chick length were determined with the help of a ruler
(Table 1). At the same time, the gender of the chicks was determined according to their wing feathers. In the
evaluation of hatching results (fertility rate, hatchability, hatching power), the formulas in Table 1 were used.
Data were analyzed using chi-square in the SPSS package program.

Table 1: Measurements used to determine the features

Features Formula

Shape index (SI) (%) Egg width / Egg length x 100 (Tirkoglu & Sarica, 2014; inci et al. 2015)
Egg weight (EW) (g) Measured with a scale with a sensitivity of 0.01 g.

Fertility rate (FR) (%) (Number of fertile eggs / Number of eggs placed in the machine) x 100

(Aksoy,1999)

Embryonic deaths (early, middle (Number of died embryos /Number of fertile eggs) x100

and late stages) Early period (EED): Deaths occurring between days 0-6 of incubation.
Mid-term (MED): Deaths occurring between days 7-18 of incubation.
Late term (LED): Deaths occurring between days 19-21 of incubation.

Hatchability (H) (%) (Number of hatched chicks / Number of eggs placed in the machine) x
100 (Aksoy, 1999)

Hatching power (HP) (%) (Number of hatched chicks / Number of fertile eggs placed in the
machine) x 100 (Aksoy, 1999)

Chick weight (CW) (g) Measured with a scale with a sensitivity of 0.01 g.

Chick length (CL) (cm) The length from the tip of the beak to the tip of the finger was taken.
(Aksoy, 1999; Wolanski et al. 2005).

Gender (G) It was determined according to the wing feathers.

RESULT and DISCUSSION

In the study, shape index did not have a significant (p<0.05) effect on chick weight, chick length, fertility
rate, hatchability, hatching power, embryonic mortality and gender.

Table 2: Effect of shape index on hatchability and chick gender

Feature Number EW  FR H HP aw ca EED MED LED G
of Egg () (%) (%) (%) () (em) (%) (%) (%) (%)

Sl (%) - - - - - - - - - -

<72 336 67,06 88,98 81,50 91,63 4657 20,00 3,30 0,70 1,70 M:49,6
F: 50,4

72-76 336 66,42 91,07 87,70 94,10 4560 20,00 2,60 000 1,60 M:52,4
F:47,6

>77 336 6540 90,77 8540 94,10 4532 19,52 3,60 000 1,00  M:53,7
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F:46,3
Mean 1008 66,29 90,30 84,20 93,30 45,83 19,84 3,20 0,20 1,40 M: 51,9
F:48,1
p-value 0,199 0,615 0,255 0,376 0,199 0,199 0,770 0,129 0,724 0,633

-: No significant (P>0.05) M:Male F: Female

As a result of the statistical analyzes, chick weight was found as 46.57, 45.60, 45.32 g in SI=<72, SI=72-76,
SI=>77 groups. Chick length was found as 20.00, 20.00, 19.52 cm, respectively. Gender was found as M: 49.6%,
F: 50.4 in SI=<72 group, M: 52.4%, F: 47.6% in SI=72-76 group, M.53.7%, F: 46.3% in SI=>77 group. As can be
seen in Table 2, the best results in terms of fertility rate and hatchability were obtained from the group with
shape index 72-76. The highest hatching power was obtained from the group with shape index 72-76 and >77.
The lowest early embryonic death was obtained from the group with shape index 72-76, mid-term embryonic
death was obtained from the group with shape index 72-76 and >77, and late embryonic death was obtained
from the group with shape index >77.

Chick Weight

In the study, chick weights in the groups SI=<72, SI=72-76, SI=>77 were found to be 46.57, 45.60, 45.32
g, respectively. These values are not statistically significant (p>0.05). Igbal et al. (2016) stated that chick weight
and chick length increased with increasing egg size, Abiola et al. (2008) stated that there was a positive
correlation between egg size and chick weight in broiler chickens, Alabi et al. (2012), Sabah & Sahan, (2018)
stated that heavier chicks were obtained from heavy eggs, and Vieira et al. (2005) stated that heavier chicks
were obtained from large eggs (72.7 + 2.5 g) compared to small eggs (57.7 + 1.8 g) in the 40-week-old Ross-38
flock. In several studies, slaughter weight results confirmed the importance of hatched egg size (Wyatt et al.
1985). Williams (1994) explained this situation by the fact that heavier eggs contain more nutrients than
smaller eggs and therefore embryos developing from heavier eggs tend to contain more nutrients for their
growth requirements. In a study conducted (Patbandha et al. 2017), initially heavier chicks gained significantly
more weight up to day 15 compared to lighter chicks. In Ross chickens, Suk (2014) did not observe any effect of
chick weight on post-hatch growth (between weeks 1 and 5) except on day 1. The presence of residual yolk sac
(0.8-10.6 g, 2—2-8 g) in the abdominal region of chicks may mislead their actual weight and this may be the
reason for the insignificant effect of chick weight on growth after two weeks of age. In addition, breeds of
chickens used in the studies may cause differences in results between studies. The gender of chicks used in
different studies may be another reason for the variability of the results (Molenaar et al. 2008). Broiler
performance depends on chick weight, ration and environmental conditions such as ambient temperature and
hygiene. Chick weight, which helps determine the ultimate performance of the broiler, depends on parent age,
nutritional level and egg weight (Tona et al., 2004; Alabi et al., 2012; Coskun et al. 2017).

Gender

In the study, the highest male chick hatching was in the SI=>77 group (round-ended eggs), and the
lowest male chick hatching was in the SI=<72 group (pointed eggs). The highest female chick hatching was in
the SI=<72 group (pointed eggs), and the lowest female chick hatching was in the SI=>77 group (round-ended
eggs). When all groups were considered, the average number of male chicks was 51.9 and the number of
female chicks was 48.1. No significant difference was found between the groups in terms of gender (p>0.05).
Yilmaz-Dikmen & Dikmen (2013) reported that the gender of the chick can be determined by morphological
measurements (shape index) of the egg before incubation in white layer hens. Various studies have reported
that pointed eggs are more likely to produce male chicks, while round eggs are more likely to produce female
chicks (Mulder & Wollan, 1974; Yilmaz-Dikmen & Dikmen, 2013; Maltsev et al., 2018; Indarsih et al. 2021).
Contrary to these studies, Gérecki et al. (2020), Asci & Durmus (2015), Idahor et al. (2015), Rutkowska et al.
(2014) reported that there is no relationship between egg size and chick gender. Alasahan & Akpinar (2014)
stated that egg weight and egg width have a positive effect on chick gender in quails. Although chick gender
can be determined before, during and after incubation (Kayadan & Uzun 2023), gender determinations made
before hatching are more advantageous, but the prediction rate is relatively low (Kayadan & Uzun 2023). Early
gender determination in hatching eggs has scientific and practical value in differentiating rearing technology
and reducing feed and costs per production unit and increasing the economic efficiency of poultry production,
determining the ration (Maltsev et al. 2018), and may be beneficial in increasing management, nutrition and
protection practices in endangered poultry breeds (Salgado Pardo et al. 2022).
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Chick Length

In the study, chick length was found to be the highest in the SI=<72 and SI=72-76 groups and the
lowest in the SI=>76 group. However, there was no significant difference in chick length between the groups
(p< 0.05). Since chick length is a fast, repeatable and harmless method for the animal, it is recommended to use
chick length to determine chick quality and predict performance. Chick length is an indicator of the yolk
absorption rate and may vary depending on the age of the breeders, chick weight or incubation conditions
(temperature, humidity, etc.). According to research, a positive correlation has been found between chick
length and chick weight for up to 7 days. A study on this subject has shown that the heart, liver and spleen
weights of tall chicks are higher than those of short chicks and that the digestive system is better developed in
tall chicks. Therefore, it can be said that the organs of tall chicks are better developed (Petek et al., 2008;
Willemsen et al., 2008; Meijerhof, 2009; Seremet, 2012; Sdzcii & ipek, 2013; Kamanl & Durmus, 2014; Pesmen,
2023). King’ori (2011), who reported that hatchability and chick weight may be closely related to egg weight,
suggested that it is not healthy to use chick weight as an indicator of growth performance due to the residual
egg yolk that is not absorbed in the abdomen, while Patbandha et al. (2017) suggested that chick length is
more important in predicting the growth performance of chickens. Chick length reflects the development of
the embryo at hatching. It was also found that there is a positive correlation between chick length and
performance at older ages. Again, chicks with high body length gained higher live weight until slaughter age
compared to chicks with low and medium body length. When all these are considered together, it can be
concluded that day-old chick length significantly affects growth performance in broilers. However, although
chick length significantly affects body weight at older ages, this effect gradually decreases towards marketing
age (Patbandha et al. 2017).

Fertility Rate

In the study, the fertility rate was found to be 88.98%, 91.07%, 90.77% in the SI=<72, SI=72-76, SI=>77
groups, respectively. No statistically significant difference was found between the groups (p>0.05). These
results are compatible with the results of the studies conducted by Elibol, (2009), Sar et al. (2010), Asci &
Durmus (2015). The infundibulum section of the oviduct is the section where fertilization occurs, and the
magnum is the section where the egg shape is formed (Elibol, 2009). Due to this situation, Asci & Durmus
(2015) reported that the shape index will not affect fertility. Fertility and hatchability may be affected by age
and egg size (Kruenti et al. 2022). Igbal et al. (2016) reported that in order to obtain high fertility and
hatchability in broiler breeder flocks (45 weeks of age), medium weight eggs (60-69 g) should be selected for
hatching. Kirk et al. (1980) observed that hatchability in eggs obtained from 60-week-old breeders decreased
by 9% in eggs weighing more than 70 g. This effect was partly explained by the relationship between breeder
age and egg weight (Igbal et al. 2016). Wilson (1991) suggested that the heritability of hatchability is low, that it
may take a long time to improve this trait by selection, and therefore, improving hatching egg weight and
hatchery management may be the most appropriate way to improve hatchability. (Abiola et al., 2008) reported
that medium-sized eggs should be selected to obtain better hatching results, Taskin et al. (2015) reported that
an increase in fertility and hatchability was observed in Japanese quails with egg weights over 11 g, and Kruenti
et al. (2022) reported that fertility was significantly affected by egg size.

Hatchability

In the study, hatchability was found to be 81.50%, 87.70%, 85.40% in the SI=<72, SI=72-76, SI=>77
groups, respectively. These values are not statistically significant (p<0.05). However, the highest hatchability
rate was obtained from the SI=72-76 group. King’ori (2011) reported that hatchability may be closely related to
egg weight, while Kruenti et al. (2022) reported that it may be affected by egg size. Khurshid et al. (2004)
reported in their study on quail eggs that the increase in shape index negatively affected hatchability
performance. Average values of internal and external egg quality characteristics have a more positive effect on
hatchability than extreme values (Durmus, 2014).

Hatching Power

In the study, the highest hatching power was seen in the SI=72-76 and SI=>77 groups. As¢l & Durmus
(2015) reported that it is important for the shape index to be between 72-76% for optimum hatching power in
hatching eggs. Maltsev et al. (2018) reported in their study that chick hatchability increased with the increase in
the egg shape index value. The low hatching power in deformed eggs is probably due to the embryo changing
its axial direction. However, it is estimated that the rotation of the embryo in the egg may be difficult in eggs
with narrow and very distinct oval structures (Durmus, 2014).

125



Turk Tarim ve Doga Bilimleri Dergisi 12(1): 122-128, 2025

Embryonic Deaths

In the study, the lowest embryonic death (early, middle, late period) occurred in the SI=72-76 group,
and the highest in the SI=<72 group. In a study conducted on the Cobb breed, small eggs were associated with
higher embryonic death rates, which resulted in lower hatchability (Tona et al. 2001). Mcloughlin & Gous
(1999) attributed this to insufficient nutrients and pores in small eggs, which could affect embryo development
and the hatching process. Durmus (2014) reported that this was due to the embryo changing its axial direction
in deformed eggs (Durmus, 2014).

CONCLUSION

In the study, when hatchability, embryonic deaths, fertility rate, hatchability were taken into
consideration, the best results were obtained from the group where the shape index was between 72-76%.
Therefore, it is important for the shape index to be between 72-76% in hatching and breeding eggs. With the
rapid increase in demand for methods of determining the sex of embryos during the incubation period and
research in this direction, more definite results will be obtained in studies on this subject.
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0z

Bu calisma, entansif (kapall) ve yari entansif (meraya dayal) besleme ydntemlerinin erkek kivircik
kuzularinin canli agirlik, canl agirlik artisi, kesim agirhig ve karkas ozellikleri lizerine etkilerini saptamak
amaciyla yuratilmastir. Calismada, 10’u entansif sistemde, 10’u ise yari entansif sistemde olmak lzere 2.5-3
aylik yasta toplam 20 adet erkek Kivircik kuzusu kullaniimistir. Deneme 56 giin siireyle devam ettirilmistir. Bir
grup besi sonuna kadar kapali agilda tutulurken, diger grup denemenin ilk gininden itibaren giindiz
saatlerinde meraya ¢ikarilmistir. Sonug olarak, gruplar arasinda canh agirlk, kesim agirhigi ve haftalik canh agirlik
artislari bakimindan 6nemli farkhliklar saptanmamistir. Glinlik ortalama canh agirhk artisi ve ortalama canh
agirlik artisi (besi boyunca) bakimindan gruplar arasindaki farkhliklar 6nemli (P<0.01) bulunmustur. Kuzulara ait,
soguk ve sicak karkas agirliklar, karkas randimanlari ve karkas fireleri bakimindan o6nemli farkhliklar
godzlenmemistir. ic yag1 agirhgl ve igyagl orani bakimindan entansif gruba ait kuzular merada beslenenlere
oranla daha yuksek (P<0.05, P<0.01) degerler géstermislerdir.

Anahtar kelimeler: Kivircik, kuzu besisi, yetistirme sistemi, mera, canli agirlik, karkas ozellikleri.

Comparison of Live Weight, Live Weight Gain, Carcass Characteristics and Internal Organ
Weights of Kivircik Male lambs fed under Intensive and Semi-Intensive Conditions

ABSTRACT

This study was conducted to determine the effects of intensive (indoor) and semi-intensive (pasture-
based) feeding methods on live weight, live weight gain, slaughter weight and carcass characteristics of Kivircik
male lambs. A total of 20 Kivircik male lambs, 2.5-3 months old, were used in the study, 10 in the intensive
system and 10 in the semi-intensive system. The treatment was continued for 56 days. While one group was
kept in a closed sheepfold until the end of the fattening, the other group was taken out to pasture during the
daytime from the first day of the experiment. As a result, no significant differences were detected between the
groups in terms of live weight, slaughter weight and weekly live weight gain. Differences between groups in
terms of daily average live weight gain and average live weight gain (over the course of fattening) were found
to be significant (P<0.01). No significant differences were observed in terms of cold and hot carcass weights,
carcass yields and carcass losses of the lambs. In terms of internal fat weight and internal fat ratio, lambs
belonging to the intensive group showed higher values (P<0.05, P<0.01) than those fed on pasture.

Key words: Kivircik, lamb fattening, rearing system, pasture, live weight, carcass characteristics.

GiRiS

Tirkiye, koyunculuk sektord agisindan genis bir potansiyele sahip olup, yerel irklarin desteklenmesi ve
gelistirilmesi, et ve sut Urlnleri arzinin sardirdlebilirligi icin 6nemlidir. Yerli koyun irklarinin besi kosullari
altinda performanslarini inceleyen arastirmalar, 6zellikle entansif ve yari entansif besleme yéntemlerinin bu

129


mailto:omersengul@uludag.edu.tr
http://orcid.org/0000-0001-5078-2002
http://orcid.org/0000-0003-1691-5996

Turk Tarim ve Doga Bilimleri Dergisi 12(1): 129-135, 2025

irklar Gzerindeki etkilerini anlamada 6nemli bir rol oynamaktadir (Diizglines ve ark., 2021). Koyun yetistiriciligi,
et ve st verimi agisindan oldukga énemli bir sektor olup, 6zellikle yerli irklar arasinda Kivircik koyunlari et
kalitesi ve adaptasyon kabiliyetiyle éne c¢ikmaktadir (Akcapinar ve Ozbeyaz, 1999; Kaymakel ve ark., 2010;
Karakaya ve Kiziloglu, 2014). Yerli koyun irklarinin besi performansini gelistirmeye yonelik entansif ve yari
entansif besleme yontemleri, modern hayvancilik sektoriinde daha verimli bir Giretim saglama agisindan giderek
artan bir ilgi gérmektedir. Entansif besleme, yiksek diizeyde enerji ve protein iceren yemlerle hayvanlarin hizl
blyume ve yiiksek karkas verimine ulagmasini hedeflerken; yari entansif kosullar, dogada otlama ile saglanan
besleme ile yogun yem kullaniminin dengelendigi daha disiik maliyetli bir besleme sistemini ifade eder (Sari ve
ark., 2018; Diizgiines ve ark., 2021).

Kivircik kuzulari, genetik yapilarindan kaynaklanan yilksek karkas kalitesi ve disik yag oranlari ile
Tirkiye'de dzellikle tercih edilen irklar arasindadir (Akgapinar ve Ozbeyaz, 1999). Ancak, farkli besi sistemlerinin
bu irk Gzerindeki etkilerini ayrintili olarak arastirmak, bolgesel yetistiricilikte stirdiirilebilir ve verimli iretim
stratejileri belirlenmesi agisindan 6nem arz etmektedir (Kaymakgi ve ark., 2012). Cesitli arastirmalar, yogun besi
programlari altinda Kivircik kuzularinin giinliik agirlik artisi ve karkas 6zelliklerinde kayda deger iyilesmeler
saglandigini belirtmektedir (Teke ve ark., 2018). Entansif ve yari entansif sistemlerde uygulanan farkli besi
programlarinin Kivircik kuzularinin karkas 6zellikleri Gzerindeki etkilerini degerlendirmek, koyun yetistiriciliginin
ekonomik yonlerini optimize etme agisindan kritik bir Sneme sahiptir (Sari ve ark., 2018).

Bu calismada, iki farkli besleme yonteminin (entansif ve yari entansif) kivircik kuzularinin canli agirlik,
canh agirhk artisi, karkas 6zellikleri ve bazi i¢ organ agirliklari tizerindeki etkilerinin saptanmasi amaglanmistir.

MATERYAL ve METOT

Deneme, Bursa Uludag Universitesi Tarimsal Uygulama ve Arastirma Merkezi'ne ait bir koyun ciftliginde
ylratilmistir. Denemede hayvan materyali olarak 2,5-3 aylik yasta 20 erkek Kivircik kuzu kullaniimistir.
Kuzularin canli agirhklari 23 ile 25 kg arasinda degismektedir. Arastirmada kullanilacak kuzular, entansif ve yari
entansif grup olacak sekilde 2 ayri bélime ayrilmis ve her grupta toplam 10’ar adet hayvan bulunacak sekilde
diizenlenmistir. Denemenin yari entansif grubundaki hayvanlar sabah 06:00°da meraya ¢ikarilmis aksam saat
19:00’a kadar merada serbest sekilde otlamaya birakilmistir. Hayvanlarin otladigi meranin kompozisyonu, ak
Uggll (Trifolium repens), cayir Ugglli (Trifolium pratense), domuz ayrigi (Dactylis glomerata), ingiliz ¢imi
(Lolium perenne), italyan ¢imi (Lolium multiflorum) ve adi fig (Vicia sativa) ‘den olusmaktadir. Meradan dénen
hayvanlarin 6nlerinde ad libitum olarak tuketebilecekleri yonca kuru otu bulundurulmustur. Entansif gruptaki
hayvanlar ise, deneme boyunca kapali bolmede tutulmustur ve ad libitum sekilde yogun yem karmasi ve hayvan
basina 200 g yonca kuru otu ile beslenmislerdir. Calisma, Nisan-Haziran 2023 déneminde ve 56 gln sireyle
yuratulmistar. Her iki gruptaki hayvanlara icme suyu, plastik kovalar icinde serbest olarak glinlik ve taze olarak
saglanmistir. Denemede kullanilan yogun yem, Bursa Uludag Universitesi Tarimsal Uygulama ve Arastirma
Merkezi'nin yem Unitesinde hazirlanmistir.

Tablo 1. Denemede kullanilan yogun yemin besin madde kompozisyonuna iliskin sonuglar.

Besin Maddeleri (% KM) Yogun Yem Yonca
Kuru madde 88.13 91.05
Organik Madde 91.03 90.84
Ham kil 8.97 9.16
Ham protein 21.65 18.75
Ham yag 1.02 2.98
Ham seliiloz 11.35 22.83
Nitrojensiz Oz Maddeler 57.01 46.28
Notr Deterjan Fiber (NDF) 27.13 36.11
Asit Deterjan Fiber (ADF) 15.69 25.38
Asit Deterjan Lignin (ADL) 4.98 6.02
Metabolik Enerji, Kcal/kg KM 2558 2249

KM: Kuru Madde.

Denemede kullanilan yogun yemin ve kuru yoncanin kimyasal analizleri, Bursa Uludag Universitesi Ziraat
Fakiltesi Hayvan Besleme Laboratuvari'nda yapilmistir. Kimyasal analizler igin yem hammaddeleri ve rasyonlar,
1 mm elek ¢apina sahip bir laboratuvar degirmeninde 6giitlilerek hazirlanmistir. Yem 6rneklerinin kuru madde
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(KM) icerikleri, 6rneklerin 105 °C’'de 4 saat kurutulmasiyla belirlenmis, ham kil icerikleri ise 550 °C’'de 4 saat kil
firminda yakilarak saptanmistir. Azot (N) icerikleri Kjeldahl yontemi ile, ham yag icerikleri ise AOAC (1990)
tarafindan bildirilen tekniklere gore eter ekstraksiyonu ile belirlenmistir. Denemede kullanilan yogun yem ve
yoncanin metabolik enerji degerleri TSE 1991'de belirtilen formiille hesaplanmistir.

Yem hammaddeleri ve rasyonlarin hicre duvari bilesenlerini olusturan notr deterjan lif (NDF), asit
deterjan lif (ADF) ve asit deterjan lignin (ADL) igerikleri Van Soest ve ark. (1991) tarafindan bildirilen yontemlere
gore belirlenmistir. Sellloz (ADF-ADL) ve hemiseliiloz (NDF-ADF) seviyeleri diger degerler kullanilarak
hesaplanmistir.

Tablo 2. Denemede kullanilan yogun yemin hammadde igerigine iliskin oransal degerler.

Yem hammaddeleri Diizey (%)
Arpa 73.0
ATK 25.0
Mermer tozu 14
Tuz 0.5

iz mineral+Vitamin karmasi* 0.1
TOPLAM 100.0

*Her kg icin; Vit. A 300.000 IU, Vit. D3 50.000 IU, Vit. E 1250 mg, mangan (oksit) 3000 mg, demir (stlfat) 3000 mg, ¢inko
(oksit) 4500 mg, bakir (stlfat) 1000 mg, kobalt (monokarbonat) 30 mg, iyot (kalsiyum iyodat) 45 mg, selenyum (sodyum
selenit) 12 mg, dolgu mad. (razmol veya CaCOs) 969.066 mg.

Deneme sonunda her gruptan 8’er adet hayvan olmak (izere toplam 16 adet hayvan kesilmistir.
Hayvanlar kesimden once 12 saat a¢ birakilmis ve mezbahada tartildiktan sonra kesilmistir. Kuzularin kesim
agirhgini 6lgmek igin 100 g hassasiyete sahip bir terazi kullaniimistir. Kesim isleminin hemen ardindan hayvanlar
yuzilmus ve i¢ organlari gikarilmigtir. Sicak karkas agirliklari alindiktan sonra karkaslar, +4°C'de soguk depoda
24 saat dinlendirilmistir. Karkaslarin parcalanmasi ve karkas 6zelliklerinin belirlenmesi i¢in Colomer-Rocher ve
ark. (1987) tarafindan tanimlanan karkas isleme yontemi kullaniimistir.

Calismaya ait verilerin istatistik analizinde Minitab 19.0 paket programi kullanilmistir. Ortalamalar
arasindaki farkliliklarin belirlenmesinde bagimsiz gruplara t testi uygulanmistir.

BULGULAR ve TARTISMA

Entansif ve yari entansif besleme yontemlerinin erkek kivircik kuzularinin 56 giinlik besi periyodundaki
canh agirlik ile canli agirhk degerleri ve standart hatalari Tablo 3’te verilmistir. Kuzular, besi baslangicinda 2
gruba ayrildiktan sonra, entansif ve yari entansif gruplarin ortalama canli agirliklari sirasiyla, 22.75 ve 23.63 kg
olarak bulunmustur. Her iki gruptaki hayvanlarin 14 giinde bir yapilan tartimlarla 2., 4. ve 6. hafta canli
agirhklari belirlenmis ve gerek besi basi canh agirliklari gerekse diger haftalarda olclilen canli agirliklar
arasindaki farkhliklar istatistiksel olarak onemli bulunmamistir. Elde edilen sonugclar, uygulanan farkli besi
yontemlerinin kuzularin canli agirlik ve canh agirlik artislari izerine istatistiksel agidan etkili olmadigini, fakat
kuzularin kesim agirhklar arasinda %12.7’lik bir farklihgin meydana geldigini gostermistir.

Kuzularin kesim agirliklari, entansif ve yari entansif beslenen gruplar igin sirasiyla, 37.51 ve 34.38 kg
olarak saptanmistir. Deneme gruplarinin kesim agirliklarina ait ortalamalar arasindaki farkhliklar ise istatistiksel
acidan 6nemsiz bulunmustur. Elde edilen kesim agirhg1 degerleri, Soysal (2007) ve Ekiz ve ark. (2019)'nin kivircik
kuzularla entansif besi sistemleri konusunda yaptiklari calismalarda bulduklari degerlerle benzerlik gosterirken,
Karabacak ve Boztepe (2007) nin degerlerinden yiiksek, Canbolat ve ark. (2015) ‘in bildirdikleri degerlerden ise
dusik olmustur. Bazi ¢alismalarin bulgulari ile farkhhgin nedeni, arastirmacilarin yaptiklari calismalarda yliksek
oranda yogun yem kullanmalarina atfedilmistir.
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Tablo 3. Entansif ve yari entansif sartlarda besiye alinan erkek kivircik kuzularinin canli agirhk ve canh agirlik
artislarina iliskin ortalama degerler.

Beslenme Tipi

Besi Performanslari P
Entansif Yari Entansif

Besi bagi canli agirhgi (kg) 22.75%1.9 23.6312.0 oD
2. hafta canli agirhgi (kg) 28.01+2.0 26.71+2.1 0D
4. hafta canli agirhg (kg) 32.02+2.4 29.00+2.2 oD
6. hafta canli agirhgi (kg) 33.91+2.6 35.85+2.1 0D
Kesim agirligi (kg) 35.99+2.3 31.97+2.0 oD
Ortalama canli agirhk artisi 13.24+1 1 8.35+0 36 -
(kg)
Gunlik ortalama canli agirlik 936.5.0419 149.146.5 -
artisi (g)

**: p<0.01, OD: Onemli degil.

Deneme gruplarinin ortalama canli agirlik artislari (CAA) ve ortalama glinlik canh agirhk artislarina
(GCAA) iliskin ortalama degerler sirasiyla, 13.78 ve 8.38 kg ile 246.0 ve 149.6 g olarak saptanmistir. Entansif ve
yari entansif sartlarda beslenen Kuzularin CAA ve GCAA degerleri arasindaki farkhlklar istatistiksel olarak
onemli (P<0.01) bulunmustur. S6z konusu 6zellikler bakimindan farkli besleme sistemlerinin etkili oldugu
soylenilebilir. Elde edilen GCAA degerleri Altin ve ark. (2005) ve Soysal (2007)’nin in bildirdigi degerlere paralel
iken Canbolat ve ark. (2015) ve Ekiz ve ark. (2019) "in bildirdigi degerlerden daha disiik bulunmustur. Bulgular
arasindaki farkliliklarin nedeni olarak, kullanilan yogun yemin orani ve enerjisinin yiksekligi distinilebilir. Sonug
olarak, tamamen kapali sartlarda veya meraya dayali olarak yapilan kuzu besiciliginde kuzularin kesim agirliklari
benzer olsa da, CAA ve GCAA degerleri dikkate alindiginda entansif grubun mera grubuna oranla énemli bir
avantaj sagladigi gorilmektedir. Entansif ve yari entansif besleme yéntemlerinin erkek kivircik kuzularinin besi
periyodu sonunda sicak ve soguk karkas agirliklari, karkas randimanlari ve karkas firelerine ait ortalamalar ve
standart hatalari Tablo 4’te verilmistir.

Tablo 4. Entansif ve yari entansif sartlarda besiye alinan erkek kivircik kuzularinin karkas agirliklari, karkas
randimanlari ve karkas firelerine iligkin ortalama degerler.

Beslenme Tipi

Karkas Kisimlari P

Entansif Yari Entansif
Sicak karkas agirhgi (kg) 16.88+1.1 15.02+0.7 0D
Sicak karkas randimani (%) 44.84+0.73 43.60+0.67 OD
Soguk karkas agirligi (kg) 16.46+1.1 14.6340.7 0D
Soguk karkas randimani (%) 43.71+0.77 42.43+0.67 oD
Karkas firesi (kg) 1.125+0.075 1.169+0.077 0D
OD: Onemli degil.

Kuzularin sicak karkas agirliklari, entansif ve yari entansif gruplar icin sirasiyla, 16.88 ve 15.02 kg olarak
saptanmistir. Gruplara ait sicak karkas agirhgi degerleri arasinda %12.38’lik bir farklilik s6z konusu olmus ve
entansif sartlarda beslenen kuzular daha yilksek degerlere sahip olmuslardir. Ancak, s6z konusu degerler
arasinda istatistiksel agidan 6nemli bir farklilik bulunmamistir. Benzer sekilde, farkh sistemlerde beslenen
kuzularin sicak karkas randimanlari arasindaki farkliliklar da istatistiksel agidan 6nemsiz bulunmustur.

Bu arastirmadan elde edilen sicak karkas agirligi degerleri, Altin ve ark. (2005) ’in bildirdigi sonuglardan
daha yiiksek bulunmustur. Soysal (2007) ve Ekiz ve ark. (2019) ise, daha yiksek sicak karkas agirliklari
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bildirmislerdir. Sicak karkas randimani bakimindan elde ettigimiz degerler, Soysal (2007), Altin ve ark. (2005) ve
Ekiz ve ark. (2019) un bildirdigi sonuglardan daha disiik bulunmustur. Diger ¢alismalarin sonuglari ile olan
farkhhklarin nedenleri, kuzularin beslenmesinde kullanilan rasyonlarin bilesimi, kaba-yogun yem oranlari ve
hayvanlarin besi slrelerine atfedilmistir.

Kuzularin soguk karkas agirliklari entansif grup icin 16.46 kg, yari entansif grup icin 14.63 kg olarak
saptanmistir. Soguk karkas randimanlari ise, entansif ve yari entansif gruplarda sirasiyla, %43.71 ve %42.43
olarak hesaplanmistir. Her iki deger bakimindan da gruplar arasindaki farkhhklar istatistiksel olarak énemli
bulunmamistir. Elde etmis oldugumuz soguk karkas agirliklari, Altin ve ark. (2005) "in bildirdigi verilerden daha
yuksek bulunmustur. Soysal (2007) ise yaptigl benzer bir galismada arastirmada elde ettigimiz soguk karkas
agirhgi ve randimanindan daha yiiksek degerler bildirmistir.

Entansif ve yari entansif sartlarda beslenen kuzularin karkas fireleri sirasiyla, 1.125 ve 1.169 kg olarak
hesaplanmistir. Gruplarin karkas firesine iliskin ortalamalari arasindaki farkliliklar 6nemsiz bulunmustur. Farkli
besleme sistemlerinin kuzularda karkas firesi izerine etkili olmadigi séylenilebilir. Soysal (2007) ve Ekiz ve ark.
(2019) yaptiklari benzer galismalarda daha yiiksek karkas fireleri bildirmislerdir. Entansif ve yari entansif
sartlarda beslenen erkek kivircik kuzularinin bazi i¢ organ agirliklari, i¢c yagi agirliklari ve yizdelerine ait
ortalamalar ve standart hatalari Tablo 5’te verilmistir.

Tablo 5. Entansif ve yari entansif sartlarda besiye alinan erkek kivircik kuzularinin bazi i¢ organ agirliklari, i¢ yagi
ve ylizdelerine iliskin ortalama degerler.

Beslenme Tipi
Karkas Kisimlari P

Entansif Yari Entansif

Dolu mide agirligi (kg) 5.045+0.29 5.514+0.22 0D
Dolu mide orani (%) 30.39+1.7 37.04+1.6 *

Bos mide agirligi (kg) 1.282+0.090 1.091+0.027 0D
Bos mide orani (%) 7.67+0.43 7.342+0.27 oD
Bagirsak agirhigi (kg) 3.123%0.16 3.240£0.12 0D
Bagirsak orani (%) 18.73+0.78 21.76+0.83 *

Ciger-takim agirhgi* (kg) 1.823+0.092 1.481+0.067 *k
Ciger-takim orani* (%) 10.94+0.46 9.90410.30 0D
Bobrek agirhgi (kg) 0.141+0.0061 0.116+0.0033 *k
Bobrek orani (%) 0.872+0.040 0.8024+0.029 0D
ic yagi agirligi (kg) 0.313+0.039 0.181+0.024 *

ic yagi orani (%) 1.82+0.16 1.19+0.13 ok
Bobrek yagi agirhgi (kg) 0.1364+0.018 0.0911+0.016 0D
Bobrek yagi orani (%) 0.82+0.098 0.60+0.089 OD

*: P<0.05, **: P<0.01. OD: Onemli degil. *: Karaciger, kalp, akciger, dalak.

Entansif ve yari entansif sartlarda beslenen kuzularin dolu mide agirliklari sirasiyla, 5.04 ve 5.51 kg, dolu
mide oranlari ise sirasiyla, %30.39 ve %37.04 olarak hesaplanmistir. Arastirmada elde edilen dolu mide agirlig
ve oranina ait degerler Soysal (2007)'nin bulgulari ile benzerdir. Gruplarin dolu mide agirligina ait ortalamalari
arasindaki farkliliklar istatistiki olarak énemli bulunmazken, dolu mide oranlari arasinda 6nemli (P<0.05)
farkliliklar saptanmistir. Dolu mide agirligi ve oranlari bakimindan merada beslenen kuzular rakamsal olarak
daha yiiksek degerlere sahip olmuslardir.

Ensansif ve yari entansif sartlarda beslenen kuzularin bos mide agirliklari ve oranlari ile ilgili elde edilen
verilere bakildiginda, entansif sistemde barindirilan kuzularin daha vyiksek degerlere sahip olduklar
gozlenmistir. Ancak, ortalamalar arasindaki farkliliklar istatistiki agcidan 6nemli olmamistir.
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Bagirsak agirliklari, kuzularin entansif olarak beslendigi grupta 3.123 kg, yari entansif grupta 3.240 kg
olarak ol¢llmustir. Rakamsal olarak, yari entansif sistemde barindirilan hayvanlar, mera grubuna oranla daha
yuksek barsak agirligina sahip olmuslardir. Ancak, bu agirliklar arasindaki farkhliklar istatistiki olarak énemli
bulunmamistir. Gruplarin bagirsak oranlarina bakildiginda ise, yari ensantif grubun daha yiksek degerlere sahip
oldugu gozlenmis ve degerler arasindaki farkliliklarin 6nemli (P<0.05) oldugu saptanmistir. Merada otlatmanin
kuzularda barsak oranini 6nemli élgtide artirdig1 séylenilebilir. Bu sonuglar, Soysal (2007) ‘in bu konuda yapmis
oldugu bir galismanin sonuglari ile benzerlik gbstermistir.

Farkh barindirma ve besleme sartlar altinda blyutilen kuzularin ciger-takim agirhklan arasindaki
farkhhklar istatistiksel olarak 6nemli (P<0.05) bulunmustur. Entansif sartlarda beslenen kuzularda ciger-takim
agirhg yari entansif gruba oranla daha yiksek bulunmustur. Fakat ciger-takim oranlari incelendiginde, gruplar
arasinda farkhliklarin 6nemsiz oldugu gorulmustir. Altin ve ark. (2005), bu arastirmadan elde ettiklerimizden
daha dislk ciger-takim agirhgi ve oranlari bildirmislerdir.

Kuzularin bobrek agirhgi sonuglari, gruplar arasinda belirgin farkhliklar gostermis olup, elde edilen
degerler arasinda istatistiksel agidan 6nemli (P<0.01) farkliliklar saptanmistir. Entansif sartlarda barindirilan
kuzular daha yiksek bobrek agirhigina sahip olmuslardir. Kuzularin bébrek agirliginin, farkli besleme sartlarindan
onemli 6lctide etkilendigi sdylenilebilir. Bobrek agirligina iliskin elde edilen degerlerin, Soysal (2007)’in bulgulari
ile benzer oldugu gorilmustir. Bobrek oranlari ilgili sonuglar ise, yapilan istatistiksel analizler sonucunda
onemsiz bulunmustur. Yapilan onceki c¢alismalardaki arastirmacilarin bazilari, elde ettigimiz s6z konusu
degerlerin altinda (Altin ve ark., 2005) bazilari ise benzer (Soysal, 2007) sonuglar bildirmislerdir.

Farkh besleme sartlarinda buyutilen kuzularin i¢ yagi agirhklan (0.313 ve 0.181 kg) ve i¢ yagi oranlari
(%1.82 ve 1.19) arasinda 6nemli (P<0.05, P<0.01) farkliliklar saptanmistir. Kapali sartlarda barindirilan kuzularda
ic yag1 agirligi ve i¢ yagl oranina ait degerler, mera sartlarinda beslenen kuzulara oranla ¢ok daha yiksek
(sirastyla,(%72.9 ve %52.9) bulunmustur. i¢ yagi agirhigina iliskin elde edilen degerler, Soysal (2007)'nin bildirdigi
bulgularla benzerlik géstermistir. ic yagi oranlarina bakildiginda, arastirmada bulunan degerlerin, Ekiz ve ark.
(2019) 'nin bildirdigi sonuglara paralel oldugu gézlenmistir.

Entansif ve yari entansif sartlarda beslemenin, kuzularin bobrek yagi agirligi (0.1364 ve 0.0911 kg) ve
bobrek yagi oranlari (%0.82 ve 0.60) zerine etkisi incelendiginde, kapali sartlarda barindirmanin bobrek yagi
degerlerini rakamsal olarak artirdig gdzlenmistir. Ancak, s6z konusu farkhliklarin istatistiksel agidan 6nemli
olmadig1 saptanmustir.

SONUC ve ONERILER

Bu calismada, entansif ve yari entansif kosullarda 56 giin boyunca beslenen erkek kivircik kuzularinin
canh agirhk, canh agirhk artisi, kesim agirhgi, karkas agirhigi, karkas ozellikleri ve bazi i¢c organ agirliklar gibi
dzelikleri incelenmistir. iki grup halinde denemeye alinan kuzularin bir grubu, besi siiresince tamamen kapali
bir barinakta, diger grup ise geceleri kapali barinakta glindiiz saatlerin de ise merada barindirilirmislardir. Kapali
grup besi siiresince serbest olarak yogun yem ve glinde 200 g kuru yonca ile beslenmislerdir. Mera grubuna ise
yogun yem verilmemis ve sadece merada otlatilmistir. Ancak, meradan doniste kuzulara serbest olarak kuru
yonca verilmistir. Denemenin baslangicinda tartilan gruplarin canh agirlik ortalamalari arasinda istatistiksel
acidan 6nemli bir farklilik bulunmamistir. Daha sonraki haftalarda (2 hafta arayla) yapilan tartimlarda da gruplar
arasindaki canh agirlik farkhliklari Gnemli olmadigi gozlenmistir. Kesim 6ncesi yapilan canli agirlik tartimlarinda
da, deneme gruplar arasinda benzer sonuclar elde edilmistir. Fakat tim besi siresi boyunca elde edilen
ortalama canli agirlik artisi ve glinlik ortalama canh agirlik artisi bakimindan gruplar arasinda énemli farkhliklar
gozlenmistir. Entansif gruba ait olan kuzular, merada otlatilan gruptan daha iyi canh agirlik artisina sahip
olmuslardir.

Gruplarin karkas degerlerine bakildiginda, sicak karkas agirligi, soguk karkas agirligi, karkas randimani ve
karkas kayiplari dikkate alindiginda gruplar arasinda anlaml farkliliklarin olmadigi gorilmustir. Yani, farkl
barindirma sartlarinda beslemenin, kuzularin karkas verimine etkileri 6nemsiz olmustur.

Karkas 6zellikleri ve i¢ organ agirliklari acisindan incelenen &zelliklerden, dolu mide orani, bagirsak orani,
ciger-takim agirhg (karaciger, kalp, akciger, dalak) bobrek agirligi, i¢ yagi agirligi ve i¢ yagi orani bakimindan
besleme gruplari arasinda dikkati gekici farklihklar gdzlenmistir. Mera grubunda dolu mide orani ve barsak
oraninin daha yuksek bulunmasi bu gruptaki kuzularin biyik 6l¢lide kaba yemle beslenmesinden kaynaklanmis
olabilir. Mera grubuna ait karkaslarin daha az yagli olmasi, tiketiciler agisindan tercih nedeni oldugundan
onemli bir 6zelliktir. Ciger-takim agirligi, bébrek agirligi, ic yagi agirligi ve i¢ yagi oraninin entansif grupta daha
ylksek bulunmasinin nedeninin, bu gruptaki kuzularin 6nemli 6l¢lide enerji ve proteince zengin yogun yemle
beslenmesi ve disariya ¢ikarilmadiklarindan daha az enerji harcamalarindan kaynaklandigi séylenilebilir.
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Sonug olarak, yapilan ¢alismada, kapali sartlarda veya meraya dayali besleme sistemlerinde yetistirilen
erkek kuzularin verimle ilgili 6zellikleri karsilastirildiginda, 6zellikle kaliteli mera ve otlaklarin bulundugu
bolgelerde yapilacak kuzu besisinde yari entansif besi sisteminin tercih edilmesinin daha uygun olacagi
sonucuna varimistir.

Cikar Catismasi Beyani: Makale yazarlari aralarinda herhangi bir ¢ikar ¢catismasi olmadigini beyan ederler.

Arastirmacilarin Katki Orani Beyan Ozeti: Yazarlar makaleye esit oranda katki saglamis olduklarini beyan
ederler.
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ABSTRACT

Cancer is a major public health problem with its increasing incidence and mortality. The striking role of
phytochemicals in the prevention and treatment of cancer is undeniable in studies. In this study, the effects of
the combination of quercetin (QUR) and luteolin (LTN) on the MCF-7 human breast cancer cell line were
investigated in vitro. WST-1 (Water-Soluble Tetrazolium 1) cell cytotoxicity assay was used to determine cytotoxic
activity. In the analysis of the interaction and synergism between QUR and LTN, combination index (Cl) was
calculated using CompuSyn software. The effects on colony survival and cell migration were determined by
clonogenic assay and wound scratch assay, respectively. For the determination of apoptosis, Acridine
orange/ethidium bromide (AO/EB) dual staining, and Caspase-3 ELISA (Enzyme-Linked ImmunoSorbent Assay)
analysis, and genomic analyses revealing p53 (tumor protein p53) and Bcl-2 (B-cell ymphoma 2) expression levels
were performed. As a result of the analyses, it was seen that especially QUR plus LTN treatment exhibited a great
cytotoxic activity in cells. It was determined that the combination treatment suppressed colony survival and
significantly inhibited cell migration. Quantitative analysis results show that QUR+LTN treatment triggers cellular
apoptosis by upregulating Caspase-3 and p53, and downregulating Bcl-2. Supporting these findings with further
in vitro and in vivo analyses may contribute significantly to revealing the promising efficacy of combined
phytochemical treatment approaches on cancer.

Key words: Cancer, apoptosis, quercetin, luteolin, MCF-7

MCF-7 Meme Kanseri Hiicrelerinde Luteolin ile Birlikte Kuersetinin Apoptozun indiiksiyonu
Yoluyla Sinerjistik Antikanser Aktivitesi

0z

Kanser, artan insidansi ve mortalitesi ile biayilk bir halk saghg sorunudur. Kanserin 6nlenmesi ve
tedavisinde fitokimyasallarin ¢arpici roliiniin yadsinamazligi yapilan galismalarla ortaya koyulmaktadir. Bu
calismada kuersetin (KUR) ve luteolin (LTN) kombinasyonunun MCF-7 insan meme kanseri hiicre hatti Gzerindeki
etkileri in vitro olarak incelendi. Sitotoksik aktivitenin belirlenmesinde WST-1 (Suda CozUnir Tetrazolium 1) hiicre
sitotoksisitesi analizi kullanildi. KUR ile LTN arasindaki etkilesimimin ve sinerjizmin analizinde CompuSyn yazilimi
kullanilarak kombinasyin indeksi (KI) hesaplandi. Koloni sagkalimi ve hiicre gogu lzerindeki etkiler ise sirasiyla
klonojenik analiz ve yara iyilesmesi analizi ile belirlendi. Apoptozun belirlenmesi icin, Akridin oranj/etidyum
bromiir (AO/EB) ikili boyama ve Kaspaz-3 ELISA (Enzim Baglantili immiinosorbent Testi) analizi ile p53 (timér
protein p53) ve Bcl-2 (B hiicreli lenfoma 2) ekspresyon diizeylerini ortaya koyan genomik analizler gergeklestirildi.
Analizler sonucunda 6zellikle QUR+LTN tedavisinin hiicrelerde biyiik bir sitotoksik aktivite sergiledigi goruldu.
Kombinasyon tedavisinin koloni sagkalimini baskiladigi ve hiicre gociini de 6nemli 6lgtide inhibe ettigi belirlendi.
Kantitatif analiz sonuglari QUR+LTN tedavisinin Kaspaz-3 ve p53'i upregiile ederek, Bcl-2'yi ise downregiile
ederek hiicresel apoptozu tetikledigini géstermektedir. Bu bulgularin ileriki donem in vitro ve in vivo analizlerle
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desteklenmesi, kombine fitokimyasal tedavi yaklagimlarinin kanser Gzerindeki umut verici etkinliginin ortaya
konulmasina énemli katkilar sunabilir.

Anahtar kelimeler: Kanser, apoptoz, kuersetin, luteolin, MCF-7.

INTRODUCTION

Cancer, the second leading cause of death worldwide after cardiovascular diseases, poses an increasing
burden on health systems and economic resources. It is of great importance to develop new treatment
approaches that are low-cost and, more importantly, highly effective and accompanied by minimal side effects
against this disease, which was reported to cause approximately 20 million new cases and 10 million deaths in
2022 (Bray et al., 2024). In addition to traditional methods such as surgery, radiotherapy and chemotherapy,
complementary and alternative approaches, including herbal products and compounds, are also prominent in
cancer treatment. Many disadvantages of traditional treatments, such as not being able to reduce mortality
rates, reducing quality of life, causing serious side effects, high rates of disease recurrence and development of
drug resistance, indicate the need for alternative approaches in cancer treatment (Rizeq et al., 2020; George et
al., 2021).

Dietary factors, including nutrients, have been reported to play important roles in the development of
different types of cancer and are directly related to nearly 35% of global cancer deaths (Manson, 2003). The
pharmacological importance and health benefits of diets rich in polyphenolic compounds found in most fruits
and vegetables are of interest. Dietary polyphenols are represented by many important plant derived
compounds, especially flavonoids, phenolic acids, lignans and stilbenes (George et al., 2021). There is growing
interest in screening phytochemicals, which are natural compounds in plants, to find those that are effective,
safe, and have minimal toxic effects on cancer. The fact that mono- and combined use is effective in many
metabolic processes such as angiogenesis, apoptosis, and metastasis reveals that phytochemicals have high
pharmacological potential (Talib et al., 2022). There are many studies showing that phytochemicals increase their
anticancer effects when used together with chemotherapeutic agents, which minimizes the emergence of drug
resistance and side effects (Yap et al., 2013; Erdogan et al., 2022; Morales-Durdn et al., 2024). The combination
of two or more therapeutic agents targeting cellular pathways involved in carcinogenesis processes may offer
more effective strategies compared to monotherapeutic approaches. Since traditional monotherapies generally
target active proliferating cells without being selective, they affect healthy cells along with cancer cells, while
cancer stem cells cannot be completely eliminated, which allows tumor recurrence and invasion (Mokhtari et al.,
2017). In addition, exposure to the same agent as monotherapy causes cancer cells to develop alternative escape
routes, increasing the susceptibility to drug resistance (Khdair et al., 2010). Phytochemicals used in combination
treatments can reduce the toxic effects of chemotherapeutics, as well as exhibit synergistic effects that affect
cancer cells more than normal cells by affecting different pathways (Mokhtari et al., 2017). Combination with
phytochemicals reduces the incidence of drug resistance, as chemotherapeutics are more effective when used
at lower doses than normal (Albain et al., 2008). Considering all these, it becomes interesting to reveal the
anticancer effects of phytochemicals, especially when used in combination with each other. Quercetin (QUR),
3,3',4',5,7-pentahydroxyflavone, is a plant phytochemical that is widely found in many fruits and vegetables and
belongs to the flavonoid class of polyphenolic compounds. In addition to the antioxidant, anti-inflammatory, and
antimicrobial effects (Lamson & Brignall, 2000) of QUR, its anticancer activity has been reported especially on
apoptosis, angiogenesis, and cell cycle (Kashyap et al., 2016). Luteolin (LTN), 3',4',5,7-tetrahydroxyflavone, is a
flavonoid that can be found in fruits and vegetables such as broccoli, green pepper, parsley, carrot, and pumpkin
(Miean & Mohamed, 2001). There are many studies showing that LTN has various biological activities such as
antioxidant, anti-inflammatory, anti-microbial (Nabavi et al., 2015), and anticancer effects (Ganai et al., 2021).

The aim of this study was to elucidate the molecular mechanism of action of the combination of QUR and
LTN on MCF-7 (Michigan Cancer Foundation-7) breast cancer cells and to investigate their synergistic effects.

MATERIALS AND METHODS

Cell line, cell culture, and reagents

Human breast cancer MCF-7 cell line were used in this study. The cells were cultured in DMEM (Dulbecco's
Modified Eagle Medium) with L-glutamine containing 10% FBS (Fetal bovine serum), and 1%
penicillin/streptomycin, and maintained in a humidified incubator at 5% CO», 37 °C. QUR and LTN, acridine orange
(AO), ethidium bromide (EB) from Sigma Aldrich Co.; DMEM, penicillin/streptomycin, and FBS from Lonza Co.;
pure link RNA mini kit from Life Technologies Co.; WST-1 cytotoxicity test kit from Boster Co., Caspase-3
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colorimetric assay kit from BioVision Co.; 2 x gPCRBIO SyGreen mix Lo-ROX kit from PCR Biosystems Co., and high
capacity cDNA reverse transcriptase kit from Thermo Fisher Scientific Inc. were used in studies.

Cytotoxicity assay and combination index

Cytotoxicity analyses were performed using WST-1 cell viability assay according to the manufacturer's
protocol. 1x10* MCF-7 cells/well were seeded into a 96-well plate and after overnight incubation, increasing
doses of mono- and combo- QUR and LTN (10, 20, 40, and 80 uM) treatments were performed for 24 h. After the
treatments were completed, the wells were aspirated, fresh medium was placed into the wells, and 10 pl of WST-
1 reagent was added. The absorbances were measured at 450 nm wavelength after 2 h, and percent cytotoxicity
and ICso (half maximal inhibitory concentration) values were calculated. Isobologram analysis allows the
determination of synergism between two compounds or drugs in combined treatment. The interaction between
QUR and LTN was assessed by the combination index (Cl) with the isobologram and median effect equation
method using CompuSyn software. Cl<1, =1 and >1 indicate synergism, additive effect and antagonism,
respectively (Chou, 2006).

Colony formation assay

0.5%10% MCF-7 cells seeded in 6 well plates were treated with 5 uM QUR, 5 uM LTN, 15 uM QUR, 15 uM
LTN, 5 uM QUR + 5 uM LTN, and 15 pM QUR + 15 uM LTN treatments for 24 h the next day. After 12 days of
culture in fresh medium, the cells were fixed with methanol/acetic acid mixture, and stained with crystal violet.

Wound scratch assay

Fully confluent monolayer cells seeded in 6-well plates were scraped using a sterile pipette to create a
wound scratch. After initiating 40 uM QUR and 40 uM LTN mono- and combo-treatments, images of cells in the
scratch area were captured at 10x magnification under an inverted microscope at 0, and 24 h.

Cell apoptosis assay

AO/EB dual staining was performed to detect apoptosis in cells morphologically. After 24 h of treatments,
cells were stained with AO/EB mixture. Finally, apoptotic and normal cells were counted under a fluorescent-
attached inverter microscope, and the percentage of apoptosis was calculated.

Caspase activity assay

Caspase-3 activity was measured using a colorimetric activity test kit (BioVision Co.). The test is based on
the cleavage of the chromogenic substrate DEVD-pNA by Caspase-3. Cells were lysed in cold lysis buffer for 30
min and centrifuged. 5 puL of 4 mM DEVD-pNA substrate was added, and after 2 h of incubation under culture
conditions, measurements were made with an ELISA reader at 405 nm. Caspase-3 amounts were calculated as
fold change.

RNA extraction and qRT-PCR

Total RNA was extracted from cells using the Pure Link RNA Mini Kit. Then, cDNA synthesis with the High
Capacity cDNA Reverse Transcriptase kit and quantification with the SYBR Green kit were performed using a real-
time PCR device (Rotor-Gene Q, Qiagen), according to the manufacturer's protocols. p53 (forward primer: 5'-
gtccaacaacaccagctcct-3';  reverse primer: 5'-cctcattcagctctcggaac-3'), Bcl-2 (forward primer: 5'-
gtgaactgggggaggattgt-3'; reverse primer: 5'-ggagaaatcaaacagaggcc-3'), and B-actin (forward primer: 5'-
ctcttccagecttecttect-3'; reverse primer: 5'-agcactgtgttggcgtacag-3') primers were used in studies (Erdogan et al.,
2022), and mRNA expression levels were determined by the comparative threshold cycle (Ct) method (2-ACt)
(Livak & Schmittgen, 2001) for relative quantification. B-actin was used for normalization. The relative amounts
of genes are shown as the fold change in their expression.

Statistical analysis

Statistical analysis of quantitative data from all experiments were performed using the one-way ANOVA
and Tukey's multiple comparison tests with GraphPad Prism software. Data are presented as the mean * SD of
three experiments, and p < 0.05 was considered statistically significant.
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RESULTS AND DISCUSSION

The serious side effects of traditional approaches to cancer treatment and the great burden they create
on the healthcare system have recently led to increased interest in phytochemicals, that have the potential to
regulate multiple cellular mechanisms with fewer side effects. The fact that phytochemicals inhibit the
proliferation, invasion and migration of cancer cells, as well as induce their death and apoptosis, makes these
compounds strikingly alternative for cancer treatment (Rizeq et al., 2020). In this study, the cytotoxic and
apoptotic effects of monotherapeutic and combotherapeutic use of QUR and LTN in MCF-7 cells were
investigated. The results of the cytotoxicity analysis are given in Figure 1. As seen in Figure 1.A, while QUR and
LTN monotherapy exhibited concentration-dependent cytotoxic activity, this activity was seen to be more
pronounced in combotherapy. It was observed that MCF-7 breast cancer cells treated with 80 uM QUR plus 80
UM LTN inhibited their viability by around 96%. ICs values for QUR and LTN were determined as 55.5 £ 7.2 uyM
and 32.8 £ 2.9 uM, respectively. In order to evaluate the interaction between QUR and LTN, isobologram analyses
were performed using CompuSyn program. Figure 1.B and 1.C show the dose-effect plots and combination index
graphs, respectively. The combination indexes (Cl) of the four tested combinations (10 uM, 20 uM, 40 uM, and
80 uM QUR plus LTN) were found to be 1.01, 0.72, 0.72, and 0.14, respectively. Since Cl <1 indicates synergism
(Chou, 2006), three of the four tested combinations (20 uM, 40 uM, and 80 uM QUR plus LTN) appear to have
synergistic interactions. In addition, these three combinations had DRI (dose reduction index)>1, which means
favourable combinations (Figure 1.D). The isobologram graph (Figure 1.E) and CompuSyn analysis data (Figure
1.F) also provide interesting results in terms of demonstrating the synergistic effect of QUR+LTN treatment.
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Figure 1. Cytotoxic activity of QUR and LTN mono- and combo- treatments on MCF-7 cells at 10-20-40-80 uM
concentrations. A. The findings obtained from the WST-1 cell viability analysis were evaluated and % cytotoxic
activities were determined. Cytotoxicity data analyzed with the CompuSyn program were used to determine
whether there was synergism between QUR and LTN. B. Dose-effect plots of QUR, LTN and QUR + LTN (Fa,
fraction affected). C. Combination index (Cl) graph. Cl <1 indicates synergism. D. Graph showing DRI values of
QUR and LTN. DRI >1 indicates favourable combinations. E. Isobologram graph showing the concentrations
required for 90% (Fa 0.9), 75% (Fa 0.75) and 50% (Fa 0.5) inhibition for each agent. F. CompuSyn analysis data.
Data show the results of three replicate experiments. QUR and QU;quercetin, LTN;luteolin, Fa;Fraction affected.
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The efficacy of QUR and LTN on survival and proliferation in MCF-7 cell line by clonogenic assay was
estimated. In clonogenic assay, 5 and 15 uM concentrations of both compounds were used in mono- and combo-
treatment groups. As clearly seen in Figure 2, 5 WM monotherapies (P<0.05) caused a significant decrease in the
colony number of MCF-7 cells compared to untreated control group cells, while this decrease was more
significant in combined treatment compared to both control group (P<0.05) and QUR treated group (P<0.05).
Likewise, the findings show that 15 uM treatment decreased the colony number in QUR (P<0.05), LTN (P<0.01),
and combined (P<0.01) treatment compared to the control cells. In addition, it was observed that MCF-7 cells
treated with QUR + LTN showed higher inhibition of the tendency to form colonies compared to MCF-7 cells
treated with monotherapies (P<0.05). Moreover, combined therapy was shown to be more effective than
monotherapy by colony survival experiments, which was consistent with cytotoxicity analysis.
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Figure 2. Clonogenic assay findings. The effects of different concentrations of QUR and LTN mono- and combo-
treatments on colony survival in MCF-7 cells were observed. Colony numbers were determined and expressed
graphically. QUR-1; 5 uM quercetin, LTN-1; 5 uM luteolin, QUR-2; 15 uM quercetin, LTN-2; 15 uM luteolin.
represent the results of three replicate experiments as mean+SD. *P<0.05, ** P<0.01; compared to control. #
P<0.05, ns:not significant; compared to QUR-1/2 or LTN-1/2 treatments.

In vitro wound healing assay was performed to evaluate the anti-metastatic abilities of monotherapeutic
and combination treatments of QUR and LTN on MCF-7 cells. The width of the wound scratch areas captured in
microscope images at 0 and 24 h after treatment was evaluated. As seen in Figure 3, both monotherapies
(P<0.05), and combination treatment (P<0.01) significantly suppressed cell migration compared to the control
group. It was also observed that the wound scratch in the combination treatment group remained significantly
wider at 24 h compared to the monotherapy groups (P<0.05). This result shows that the combined treatment
suppressed cell migration more than monotherapies.
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Figure 3. Cell migration analysis findings. The effect of QUR and LTN mono- and combo- treatments on cell
migration in MCF-7 cells was determined by wound healing analysis. The rate of wound closure was given as a
percentage by taking microscope images at 0 and 24 h of treatments and normalized each group with its own
control. QUR; quercetin, LTN; luteolin. Data represent the results of three replicate experiments as mean+SD.
*P<0.05, ** P<0.01; compared to control. # P<0.05; compared to QUR or LTN treatments.

Apoptosis is known as programmed cell death, and avoiding apoptosis is a characteristic feature of cancer
cells. Therefore, it is suggested that the regulation and activation of molecular mechanisms that will direct cells
to apoptosis should be at the center of new treatment approaches to cancer (Hanahan, 2022). Despite the great
therapeutic potential of phytochemicals, insight into the molecular effects of their combined use on different
cellular signaling pathways is critical to understanding their interactions. Increasing evidence from clinical and
preclinical studies reveals the inhibitory role of phytochemicals in cancer development and progression through
their positive regulatory effect on apoptotic signaling pathways (Choudhari et al., 2020). The effects of QUR and
LTN mono- and combo-therapies on the morphology of cancer cells were determined by AO/EB dual staining,
and analyzed under a fluorescence-attached inverter microscope. After incubation with the 40 uM QUR and 40
UM LTN mono- and combo-treatments for 24 h, some morphological changes were observed in the cells, such as
condensation of chromatin material and formation of apoptotic bodies, which are cellular signs of apoptosis.
While live cells form a green color because they take up AO and do not take up EB, apoptotic cells turn orange-
red when EB penetrates the cell (Figure 4.A). As shown in Figure 4.B, the number of apoptotic cells increased
significantly in cancer cells that received both monotherapy and combination therapy (P<0.05 and P<0.01,
respectively). In addition, combined treatment significantly triggered the formation of apoptotic cell morphology
compared to both the monotherapies (P<0.01). Figure 4.C shows the effect of treatments on Caspase-3 activity,
an important apoptotic factor. While QUR and LTN increased the amount of Caspase-3 by 2.8 and 3.9 fold,
respectively, this increase was not found to be statistically significant (P>0.05). However, Caspase-3 activity
increased significantly in cells that received combination therapy (p<0.01), and this increase was also greater
compared to monotherapies ( P<0.05 and P<0.01). The expression levels of p53 gene, an important tumor
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suppressor, increased with monotherapies (P<0.05), but exhibited a sharper increase with combined treatment
compared to control (P<0.01), and monotherapies (P<0.01) (Figure 4.D). In addition, anti-apoptotic Bcl-2 gene
expression decreased with QUR and LTN treatments (P<0.05), while a significant decrease was observed with
QUR plus LTN combined treatment compared to both control (P<0.01), and QUR treatment (P<0.05) (Figure 4.E).
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Figure 4. Apoptotic effect on MCF-7 cells of QUR, LTN and QUR+LTN treatments. A. Microscope images of cells
exposed to AO/EB dual staining after treatments. White arrows mark apoptotic cells. B. The ratio of apoptotic
cells visualized by AO/EB dual staining analysis was expressed graphically. C. Caspase-3 levels were given as fold
change. p53 (D), and Bcl-2 (E) mRNA levels were quantitatively calculated as fold change. *P<0.05, ** P<0.01,
ns:not significant; compared to control. # P<0.05, ## P<0.01, ns:not significant; compared to QUR or LTN
treatments.

LTN acts by inducing apoptosis and autophagy, and inhibiting cell invasion and migration in cancer cells.
Studies have demonstrated the anticancer activity of QUR in cancer cells through inhibition of angiogenesis,
arrest of the cell cycle, induction of apoptosis and DNA damage (Talib et al., 2022). It has been reported that the
combined use of plant-derived natural compound treatments at low doses exhibits more effective anticancer
activity than their monotherapeutic use at high doses (Sauter, 2020). The combination approaches are
interesting in cancer treatment as they target different cellular pathways in a distinct and synergistic manner
(Mokhtari et al., 2017). Many preclinical studies have shown that combined phytochemical treatments
significantly increase anticancer activity (Fantini et al., 2015; Nikanjam et al., 2017). The combined use of
phytochemicals, including quercetin, curcumin, and resveratrol, on breast cancer cell lines has been shown to
have a synergistic effect by suppressing proliferation and cell migration, arresting the cell cycle, and increasing
apoptotic activity (Rizeq et al., 2020). A study revealed that the combination of LTN and QUR with 5-Fluorouracil
had synergistic apoptotic and antiproliferative effects on HT-29 colorectal cancer cells, thereby minimizing the
side effects of 5-FU (Erdogan et al., 2022). The combination of QUR and LTN was reported to inhibit the invasion
and migration of squamous carcinoma (Fan et al., 2019), and led to metastatic inhibition of A431 cervical cancer
cells (Lin et al., 2017). In line with all these studies, in this study, QUR plus LTN combination showed cytotoxic
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and apoptotic activity in MCF-7 cells, while inhibiting colony survival and cell migration. Considering the side
effects of current conventional treatments, this study contributes to revealing the great potential of combined
use of phytochemicals to minimize these undesirable effects. More studies are needed to reveal effective
phytochemical combinations that can support conventional treatments.

CONCLUSION

In conclusion, this study, which was conducted to determine the cytotoxic and apoptotic effects of the
combination of QUR plus LTN, revealed that the combined treatment showed critical cytotoxic activity on MCF-
7 cells, and that there was a synergistic interaction between these two phytochemicals. It was also observed that
the combination therapy significantly inhibited colony survival and cell migration compared to monotherapy. All
these effects suggest that the combination therapy, which was determined to have a regulatory role on some
pro-apoptotic markers such as Caspase-3 and p53, and anti-apoptotic markers such as Bcl-2, triggered apoptosis.
Supporting the interesting findings obtained from this study with comprehensive in vitro and in vivo experiments
in the future may pave the way for the evaluation of the combination of QUR and LTN as a chemotherapeutic
agent.
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Sera gazl emisyonlarinin atmosfere salinmasi nedeniyle hizli iklim degisikligi ve klresel i1sinma dinya
glindemine damgasini vurmustur. Sera gazi emisyonlarinin etkisinin azaltilmasi ile miicadelede gevre vergileri en
yaygin kullanilan vergilerdir. Ancak cevre vergilerinin sera gazi emisyonlari arasindaki karsilikli baglantisina
odaklanan teorik ve ampirik kanitlara iliskin mevcut literatir oldukga yetersizdir. Bu ¢alisma G7 (Kanada, Fransa,
Almanya, italya, Japonya, ingiltere ve ABD) iilkelerinde cevre vergisinin karbon (CO2) emisyonunu azaltmada
basarili olup olmadigini incelemektedir. 1994-2014 yillik veri seti kapsaminda gevre vergisinin CO2 emisyonu
Uzerindeki etkisi kisi basi gayri safi yurtici hasila (GSYH), enerji tiketimi, yenilenebilir enerji tiiketimi gibi
degiskenler ile emisyon Uzerinde ana etkenlerin 6nemini arastirmaktadir. Ekonometrik analizler igin
esbitlinlesme ve esbitiinlesme katsayi tahminci yontemleri kullanilmistir. Bulgular, gelirin ve enerji tiiketiminin
CO2 emisyonlari tzerindeki etkisinin pozitif ve istatistiksel olarak anlaml oldugu yoniinde iken g¢evre vergisinin
CO2 emisyonlari Uzerindeki etkisinin negatif ve istatistiksel olarak anlamli oldugu yénindedir. Buna gore ilgili
lkelerde gevre vergisi CO2 emisyonlarini azaltmada basarili sonuglar ortaya koymaktadir.

Anahtar kelimeler: Cevre vergisi, CO2 emisyonu, esbiitiinlesme testi.

Does Environmental Tax Reduce Carbon Emissions? Panel Cointegration Analysis

ABSTRACT

Rapid climate change and global warming due to the release of greenhouse gas emissions into the
atmosphere have left their mark on the world agenda. Environmental taxes are the most commonly used taxes
in the fight against reducing the effect of greenhouse gas emissions. However, the existing literature on
theoretical and empirical evidence focusing on the interconnection between environmental taxes and
greenhouse gas emissions is quite inadequate. This study examines whether environmental taxes are successful
in reducing carbon (CO2) emissions in G7 (Canada, France, Germany, Italy, Japan, England and USA) countries.
Within the scope of data obtained from 1994 to 2014, the impact of environmental tax on CO2 emissions is
investigated with variables such as gross domestic product (GDP) per capita, energy use, renewable energy
consumption and the importance of the main factors on emissions. Cointegration and cointegration coefficient
estimator methods were used for econometric analyses. The findings are that the impact of income and energy
use on CO2 emissions is positive and statistically significant, while the impact of environmental tax on CO2
emissions is negative and statistically significant. Accordingly, in the relevant countries, environmental tax
produces successful results in reducing CO2 emissions.

Key words: Environmental tax, CO2 emissions, cointegration test.
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GIRIS

Ulkeler siirdiriilebilir kalkinma lizerinde olumsuz etkilere neden olan gevresel zorluklarla karsi karsiyadir.
Cevresel zorluklarla basa ¢ikma istegi ve kapasitesi son yillarda diinya ¢apinda artmistir (Karmaker ve ark ., 2021).
Cevresel problemlerin artmasi ile birlikte insanlik Gzerindeki olumsuz etkilerinin kabul edilmesi problemlerin ele
alinmasina ve maliyeti caydirici olabilecek cevresel iyilestirme icin gerekli adimlarin atilmasini 6n plana
¢ikarmistir. Sera gazi bilesiklerinden (Metan (CH4), Nitréz Oksit (N20), Hidroflorir karbonlar (HFCs), Perfloro
karbonlar (PFCs) vb.) olan CO2 emisyonlari gevresel problemlerin/kirliligin baslica nedenidir. 2021 yilinda tim
sera gazi emisyonlarinin Ggte ikisini CO2 emisyonlari olustursa da metan dahil diger gazlar da ayni zamanda yikici
ve kiiresel 1sinma icin tehdittir (Shammre ve ark., 2023). 2022 yilinda Diinya Meteoroloji Orgiitiiniin yayimlandig
sera gazi raporunda CO2 emisyonu kiiresel ortalamasinin ilk defa sanayi devrimi dncesi seviyesine gére %50’nin
Gzerine ciktigini duyurmustur (wmo.int, 2024). CO2 emsiyonlarindaki artis sicaklik artislarini beraberinde
getirerek buzullarin erimesine, deniz seviyesinin ylkselmesine ve verimli tarim arazilerinin sular altinda
kalmasina yol agacaktir (Cukurgayir ve Sagir, 2008). Bu bakimdan toplumlar kiresel i1sinma ve biyogesitlilik
kaybiyla insanlarin ihtiyaglarini gezegene zarar vermeden kargsilayabilecek bir ekonomik model kurmak
zorundadir. Arastirmacilar ve politika yapicilar gevresel kirliligi azaltmaya ve iklim degisikligi ile kiiresel 1sinmayi
hafifletmeye yardimci olacak politikalari ve 6nlemleri analiz etmeye odaklanmistir.

Sera gazi emisyonlarinin etkilerini azaltabilmek icin Kyoto Protokolu uluslararasi bir anlasma niteligi
tasimaktadir. Anlasmada toplam CO2 emisyonu salinimlarinin en az %55’inden sorumlu olan (lkelerin anlasma
protokoliinii onaylamasi ve anlasma kapsaminda bulunmasi gerektigi vurgulanmistir (csb.gov.tr, 1998). Ulke
ekonomileri, sera gazi emisyonlarinin etkilerini azaltmak igin ¢evre vergileri, karbon yakalama ve depolama,
karbon fiyatlama ve karbon ticareti gibi uygulamalara ydnelmistir. Bu uygulamalar cevresel bozulmayi
engelleyebilecek potansiyel bir secenek olarak goriilse de en yaygin kullanilani gevre vergisidir (Kilig ve
Altiparmak, 2020; Shammre ve ark., 2023). Cevre vergilerinin temel amaci, gelir elde etmek veya kari artirmak
degil, cevresel dissalliklarin hesap verebilirligini zorlayarak davranislari degistirmektir (IIPC, 2013). Literatiirde
son yirmi yilda ¢evre vergilerinin daha temiz tiretim sireglerini ve tiketim davranislarini motive etmedeki roli
giderek daha fazla tartisiimaktadir. Geleneksel ekonomik anlayisa gore, vergilerin uygulanmasi nedeniyle normal
mallarin fiyatlarinda meydana gelen artis talebi azaltabilmektedir. Ampirik literatiirde ¢evre vergilerinin karbon
ayak izini ve ¢evreye verilen zarari azaltmada basarili olup olmadigina iliskin bulgulara yonelik farkli sonuglar
ortaya ¢cikmistir. Galismalarin bir kisminda gevre vergilerinin gevre kalitesinin bozulmasina neden oldugu gorusi
belirtiimekte iken (Ciaschin ve ark., 2012; Borozan, 2019; Wang ve Wei, 2019) diger kisimda cevre vergilerin CO2
emisyonlarini azaltmada basarili oldugu goérusi vurgulanmistir (Farooq ve ark., 2019; Yunzhao, 2022; Shammre
ve ark., 2023).

Cevre vergisi konusunda ilk 6ncl ¢alisma, olumsuz dissalliklar igsellestirmek igin cevre vergisinin
uygulanmasi teorisini 6ne stirmistir (Pigou, 1920). Cevre vergileri Pigou vergilerinin 6zel bir uygulama bigimidir.
Pigou vergileri negatif digsalliklarin i¢sellestiriimesinde marjinal 6zel maliyet ile marjinal sosyal maliyet arasindaki
fark kadar vergi konulmasi hedefleyen birim basina emisyon ve / veya kirlilik tizerinden alinan spesifik esasl
vergilerdir (Polat ve Polat, 2018). Yani Pigou vergisi, refahi en Ust diizeye ¢ikarmak igin sera gazi emisyonlarinin
vergilendirilmesi gereken miktardir (Tol, 2018). Cevre vergilerinin kullaniimasinin sera gazi emisyonlarini
azaltabilecegi ve daha temiz ve saglikh bir cevreye sahip olmak icin enerji ve yesil teknolojilerin etkin kullanimini
tesvik edebilecegi vurgulanmaktadir (Shahzad, 2020).

Vergilerin cevresel kirlilik Gzerindeki etkisine iliskin literatlir nispeten yeni ve bu alanda yapilan teorik ve
ampirik calismalar yetersizdir. Panel veri galismalarinin ¢ogu veri mevcudiyeti nedeniyle gelismis Glkeler Gizerinde
yogunlasmis ve elde edilen sonuglarin gelismekte olan dlkeler igin 6nemli oldugu sdylenebilir. Cevre vergisinin
CO2 emisyonlarini azaltip azaltmadigini/ basarili olup olmadigini incelemeyi amaglayan bu ¢alismada G7 ulkeleri
arastirilmistir. G7 ilkelerinin calismada ele alinmasinin dnemli noktalari bulunmaktadir. ilgili Gye Glkelerin cogu
sera gazi emisyonlarini 2050 yilina kadar net sifira indirme ve dinyayi olumlu bir iklime dayanikli yériingeye geri
dondiirme s6zi vermistir (Haug ve ark., 2015). Bu bakimdan CO2 emisyonlariyla miicadele i¢in etkili bir arag
olarak karbon fiyatlandirma politikasi benimsemistir. S6z konusu tlkeler karbon nétrligi hedeflerine ulasmak
icin optimum gevre tabanli vergiler tasarlamakta ve temiz enerijiyle ilgili kalkinma arastirmalari Gizerine politikalar
olusturmaktadir. Ayrica dinyanin en biyik ekonomileri olan G7 iilkelerinin kiiresel emisyonlarin yaklasik
%31’den sorumlu oldugu bilinmektedir (Qin ve ark., 2021). ifade edilen noktalar G7 ilkelerinde gevre vergisinin
karbon emisyonlari Uzerinde etkisinin aragtirmasini dnemli hale getirmektedir. Cevre vergisi verisinin ilgili
Ulkelerde 1994 yilindan 2014 yilina kadar ulasiimasi calismanin sinirhligini olusturmaktadir. Analizlere CO2
emisyonu ve gevre vergisi disinda GSYH, eneriji tiiketimi ve yenilenebilir enerji tiiketimi gibi kontrol degiskenler
eklenmistir.

Secilen 6rneklemin 6nemi, kullanilan ekonometrik yontemlerin glincel olmasi ve esbitinlesme tahminci
testlerinden Common Correlated Effect (CCE) yonteminin kullanilmasi ¢alismanin ana motivasyonunu
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olusturmaktadir. Ozellikle CCE esbiitiinlesme tahminci testinin klasik tahmin yéntemleriyle karsilastirildiginda
icsellik, duragan olmama, yatay kesit bagimliligi ve heterojenlik gibi problemlerle basa ¢ikma gibi bircok avantaji
bulundugundan calismanin literatiire katki saglamasi beklenmektedir. Calismada yatay kesit bagimhihgi, egim
katsayisi homojenligi, panel birim kok testi ve esbiitiinlesme ve esbiitiinlesme katsayl tahmini gibi ileri panel
ekonometrik teknikler kullanilimigtir.

Makale takip eden bélimler su sekilde tasarlanmistir. Cevre vergisi, enerji tiiketimi ve CO2 emisyonlar
arasindaki baglantiya iliskin literatlirdeki glincel ¢alismalar verilmektedir. Daha sonra veri seti ve yontemler
actklanmakta olup ekonometrik bulgular raporlanmaktadir. Son olarak sonu¢ kisminda politika onerileri
aktarilarak gelecekteki calismalar icin gorusler sunulmus ve ¢alisma sonlandiriimistir.

LITERATUR ARASTIRMASI

Literatlrde son yillarda artan tartisma, CO2 emisyonlarini azaltmaya ve disiik karbonlu bir ekonomiyi
tesvik etmeye yonelik politika araglarinin gelistiriimesiyle ilgilidir. Bu kapsamda CO2 emisyonlarinin
azaltilmasinda ve gevrenin iyilestiriimesinde gevre vergilerinin rolline iliskin teorik literatiri tamamlamak
amaciyla ampirik ¢alismalar artmistir. Cevre vergisi konusunda ilk dncl ¢alisma Arthur Cecil Pigou (1920)
tarafindan ileri strlilmastir. Calisma olumsuz digsalliklari i¢sellestirmek icin bir cevre vergisinin uygulanmasi
teorisini konu almistir. Literatlrde cevre vergilerinin CO2 emisyonlarini azaltmada basarili olup olmadigina iliskin
ampirik calismalarda farkh sonuglar tespit edilmistir. Buna gére ampirik ¢alismalarda, cevre vergilerinin CO2
emisyonlarini azalttigi ve basarili sonuglar ortaya koydugunu (Lin ve Li, 2011; Alper, 2018; Ulucak ve ark., 2020;
Sarigll ve Topcu, 2021; Ghazouani ve ark., 2021; Bashir ve ark., 2021; Telatar ve Birinci, 2022; Dogan ve ark.,
2022; Yunzhao, 2022; Shammre ve ark., 2023) vurgulayan ¢alismalar olmasina ragmen, gevre vergilerinin ¢evre
kalitesinin bozulmasina neden oldugu yoninde (Morley, 2012; Guo ve Wang, 2018) bulgularda mevcuttur.
Cizelge 1'de konu ile ilgili literatlirde yer alan calismalarin bir kismi irdelenerek 6zet halinde sunulmustur.

Cizelge 1.Literatlr Arastirmasi
Yazar(lar) Ulke(ler)/Dénem

Ekonomik Yontem Bulgular
Finlandiya’da karbon
vergisi CO2
emisyonlarini
azaltmakta iken

Degiskenler

CO2 Emisyonlari,

Genellestirilmis

Gayri Safi Yurtigi

Danimarka, isveg ve
Hollanda'da bazi enerji

17 AB Ulkesi 5
Lin ve Li (2011) 7 AB Ulkesi / Momentler HaS|If1 (GSYH)' yogun endustrilere
1981-2008 .. . Enerji Fiyati, .
Yontemi (GMM) .. uygulanan vergi
Kentlesme Duzeyi, s
. muafiyeti politikalar
Ar-Ge, Nifus .
nedeniyle karbon
vergisinin azaltici
etkileri
zayiflatmaktadir.
Gelir, Sermaye Cevre vergileri ile l.<|rI|I|k
. . arasinda anlaml bir
AB Ulkeleri ve Olusumu, Cevre neeatif iliski vardir
Morley (2012) Norvec / 1995- GMM Vergisi, Karbon 8 ? N
. ancak enerji tiiketimi
2006 Emisyonu ve R
ot arasinda bir iliski
Enerji Tuketimi
yoktur.
Esik seviyesinin
asllmasindan sonra
CO2 Emisyonlari, cevreyle ilgili vergilerin
GSYH, Enerji CO2 emisyonlari
Aydin ve Esen 15 AB Ulkesi / Esbitinlesme Vergisi, Cevre Gzerindeki etkisinin
(2018) 1995-2013 Analizi Vergisi, Ar-Ge, Onemsiz derecede

Kentlesme Orani
ve Enerji Fiyati

olumludan énemli
Olglide olumsuza dogru
degistigini ortaya
koymaktadir.
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Genellestirilmis en

Karbon Vergisi,
GSYH, Kentlesme

Karbon vergisindeki
artis CO2

18 AB Ulkesi / . orani, Dogalgaz ve .
Al 2018 Kigilk Karel |
per (2018) 1995-2015 guk Pareler Petrol Kullanimi  Chsyoniannin
(GLS) Yontemi . azalmasini
ile CO2 .
. saglamaktadir.
Emisyonlari
CO2 Emisyonu,
Vektor Hikiimet Cevre Cevre vergileri gevre
8%01;;3 Wang Cin/ 1985-2014 Otoregresyon Dizenlemesi, kalitesinin bozulmasina
(VAR) Teknolojik Yenilik, neden olmaktadir.
Endustriyel Yapi
CO2 Emisyonu, Yenilenemeyen
25 Ust orta gelirli Yenilenebilir enerjinin emisyon
. tlke ve alt orta Eneriji, artirici, yenilenebilir
Hanif vd. (2019) gelirli tlke / 1990- GMM Yenilenemeyen enerjinin emisyon
2015 Enerji, Ekonomik azaltic etkisi
Blylime. bulunmaktadir.
Hassan vd. 31 OECD Ulkesi / Paniel" Gevre Vgrgisi ve C‘f"f.e vergisi ekor'lomik
Esbitinlesme Ekonomik blylmeyle negatif
(2020) 1994-2013 .. i . e
Yontemleri Bliyime iliskilidir.
Bre2|.lya, Gin, Yumusak Gegisli CO2 Emisyonlari, Cevre vergisi CO2
Hindistan ve ;
Ulucak vd. (2020) . . Panel Regresyon GSYH, Patent ve emisyonlarini
Glney Afrika / Modeli Cevre Vergisi azaltmaktadir
1994- 2015 & '

Sarigiil ve Topcu
(2021)

Tarkiye / 1994-
2015

Tamamen
Gelistirilmis En
Kicuk Kareler
yontemi (FMOLS) -
Dinamik En Kiiglik
Kareler Yontemi
(DOLS)- Kanonik
Esbutlnlesik
Regresyon (CCR)

CO2 Emisyonu,
Cevre Vergileri,
Yenilenebilir

Enerji ve GSYH

Uzun donemde gevre
vergisi CO2
emisyonlarini
azaltmaktadir.

Wang vd. (2021)

10 Ulke / 1980-
2014

FMOLS - DOLS ve
Granger
Nedensellik Testi

Yenilenebilir ve
Yenilenemez
Enerji, Kentlesme,
ihracat Kalitesi,
Ekonomik
Karmagiklik
Endeksi

Yenilenemeyen enerji
kirlilik seviyelerini
artirmakta iken
yenilenebilir enerji
azaltmaktadir.

Ghazouani vd.

9 AB ulkesi / 1994-

FMOLS ve DOLS

CO2 Emisyonu,
Cevre Vergileri,
Yenilenebilir

Cevre vergilerinin CO2
emisyonlarini

(2021) 2018 Yontemleri Enerjll,.Cevre azaltmada etkilidir.
Vergisi, Kent
Nifusu ve GSYH
. Cevre Vergiler, s
- . Panel Kantil N . Cevre vergileri kirliligin
29 OECD Ulk E Y |
Bashir vd. (2021) 9 OECD Ulkesi / Regresyonu, nert Yoguniugu azalmasina yol

1994-2018

FMOLS, DOLS

Kullanimi ve Enerji
Tiketimi.

acmaktadir.

Telatar ve Birinci
(2022)

Tarkiye / 1994-
2019

Dogrusal Olmayan
Esbitinlesme
Testi

Cevre Vergisi,
Ekolojik Ayak izi
ve CO2
Emisyonlari

Uzun vadede gevre
vergisinin ekolojik ayak
izi ve CO2 emisyonlari
Uzerinde bir etkisi
bulunmamaktadir.

148



Turk Tarim ve Doga Bilimleri Dergisi 12(1): 145-156, 2025

G7 Ulkeleri / 1994-

CO2 Emisyonlari,
GSYH, Eneriji
Tiketimi, Dogal
Kaynak Maliyeti,

Cevre vergisi, CO2
emisyonlarini, enerji
tiketimini ve dogal
kaynaklarin etkisini

Dogan vd. (2022) 2014 GMM Ekonomik azaltmakta iken
Karmasiklik, enilenebilir enerji
Yenilenebilir y" L . .J .
i tiketiminin etkisini
Enerji Tuketimi ve
L arttirmaktadir.
Cevre Vergisi
Yenilenebilir enerji,
Yenilenebilir eko-inovasyon ve cevre
Granger Eneriji, eko- vergilerinin karbon

Yunzhao (2022)

E-7/1995-2018

Nedensellik Analizi

inovasyon ve
cevre vergisi

emisyonunun
azaltilmasina olumlu
katkilari bulunmaktadir.

Dogan vd. (2022)

25 Ulke / 1994-
2018

Kantil Regresyon
Analizi

CO2 Emisyonlari,
GSYH, Cevre
Vergisi,
Yenilenebilir
Enerji ve Enerji
Yogunlugu

Cevre vergileri,
yenilenebilir eneriji,
enerji verimliligi CO2
emisyonlarinin
azaltilmasinda temel
faktordir.

Shammre vd.
(2023)

35 OECD Ulkesi /
1995-2019

Dinamik Panel Esik
Regresyonu

Cevre vergileri ve
CO2 emisyonu

Cevre vergileri CO2
emisyonlarini

azaltmaktadir.

* Yazar tarafindan literatiir baz alinarak olusturulmustur.

Literatlr arastirmasinda c¢evre vergilerinin CO2 emisyonlarini lizerindeki etkisini inceleyen calismalarin
mevcut oldugu gorilmektedir. Ancak G7 Ulkelerinin dnemi géz 6niine alindig calismalarin s6z konusu 6rneklem
icin sinirl sayida oldugu soylenebilir. Literatirdeki ampirik calismalar AB ve OECD (lkeleri izerine yogunlasmis
ve yatay kesit bagimhhgini géz ardi eden birinci nesil panel yontemleri kullanilmistir. Literatlirdeki bu eksiklikleri
gidermek amaciyla bu galismada ikinci nesil panel veri yontemleri kullanilarak esbiitiinlesme ve esbitiinlesme
katsayi tahmini yapilmaktadir. Bu bakimdan literatiire 6zgiin bir ¢alisma kazandiriimak istenmistir.

VERI SETi, YONTEM VE EKONOMETRIK BULGULAR

Cevre vergisinin CO2 emisyonlarini azaltip azaltmadigini/ basarili olup olmadigini incelemeyi amaglayan
bu calismada G7 ulkeleri arastirilmistir. Kontrol degiskenlerin analize dahil edilmesi noktasinda Ghazouani vd.
(2021) ve Bashir vd. (2021)'in calhismalari temel alinmistir. Bagimli degisken kisi basi CO2 emisyonu (CE), (ton
cinsinden), bagimsiz degiskenler kisi basi GSYH (GR), (2005 sabit fiyatlariyla), enerji tiketimi (EN), (kisi basi kg),
yenilenebilir enerji tiketimi (YEN), (enerji tiiketiminin %) ve ¢evre vergisi (CV), (%) dir. Cevre vergisi Eurostat veri
tabanindan, CO2 emisyonu, GSYH, enerji tiiketimi ve yenilenebilir enerji Diinya Bankasi veri tabanindan elde
edilmistir. llgili Glkelerde gevre vergisi verisinin 1994 yilindan 2014 yilina kadar ulagiimasi calismanin kisitini
olusturmaktadir.

LCEj=0t;+f1;LGRit +f32; LEN;t +B5;LYEN;; + B4;LCVit + €;¢ (1)

(i =...., 7) ve (t = 1994,..2014)

Yukaridaki esitlikte degiskenler coklu dogrusalligi en aza indirmek icin logaritmasi alinan denklem
sunulmustur.

Ekonometrik bulgular sunulmadan 6nce degiskenlere ait tanimlayici istatistikler ve korelasyon matrisi
verilmistir. Daha sonra model igin yatay kesit bagimhgi ve egim katsayr homojenligi tahmin edilerek degiskenlere
ait birim kok test bulgulari aktarilmistir. Esbltiinlesme ve esbitliinlesme katsayl tahmin bulgulari son asamada
verilmistir. ifade edilen siralamaya goére ilk olarak Cizelge 2’de tanimlayici istatistikler ve korelasyon matris
degerleri sunulmustur.

Tanimlayici istatistikler incelendiginde oynakliginin en fazla oldugu seri yenilenebilir enerji tiketimi iken
en az oynaklk ise GSYH’dir. Seriler arasinda iliskinin yéni ve giiciiniin belirlenmesinde korelasyon martisleri
hesaplanarak raporlanmistir. Degerin 1’e yakinhigi giicll bir iliskin varhgini 0’ a yakinhgi ise zayif iliskinin varligina
isaret etmektedir (Beaumont, 2012). Bu bakimdan LCE ile LGR ve LEN arasinda korelasyon iliskisi gu¢li ve
pozitiftir. LCE ile LYEN arasindaki korelasyon iliskisi zayif ve pozitif yonludir. LCE ile LCV arasindaki korelasyon ise
iliskisi glicli ve negatif yonluddr.
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Cizelge 2. Tanimlayici istatistikler ve korelasyon matrisi

Degiskenler Gozlem Ortalama Std. Sap. Maksimum Minimum

Sayisi
LCE 147 0.9984 0.1738 1.3111 0.6641
LGR 147 4.5680 0.0722 4.7456 4.4539
LEN 147 3.6565 0.1589 3.9271 3.3828
LYEN 147 0.8020 0.3645 1.3500 -0.0705
Lcv 147 0.2652 0.1773 0.5563 -0.1249

Korelasyon Matrisi

LCE LGR LEN LYEN LCcvV
LCE 1.0000 0.6233 0.8690 0.1396 -0.8214
LGR 0.6233 1.0000 0.5981 0.0459 -0.6993
LEN 0.8690 0.5981 1.0000 0.4009 -0.8661
LYEN 0.1396 0.0459 0.4009 1.0000 -0.2577
Lcv -0.8214 -0.6993 -0.8661 -0.2577 1.0000

ikinci asamada 6n test niteliginde olan ve birinci nesil-ikinci nesil testlerin segiminde kullanilan yatay kesit
bagimhhg testlerin yapilmasi gerekmektedir. Kesit bagimliiginin varhgi ikinci nesil testlerden devam edilmesi
gerektiginin bir gdstergesidir. Bu bakimdan testin uygulanmasi olduk¢a 6nemlidir. Kesitler arasi bagimliliginin
varligl “Breusch ve Pagan 1980 LM testi, CD\m ve CD testi Pesaran 2004 ile Pesaran ve ark., 2008'nin gelistirdigi
LMadj” testleri ile arastirnimaktadir (Ornek ve Tiirkmen, 2019). Temsil eden testlere ait prosediirler asagida
gosterilmekte olup tiim testler icin bos hipotez yatay kesit bagimhligi yoktur tizerine kuruludur.

M= TZI sy ~X*N(N =1)/2 (2)
iT — &
CDy = N(N_l)zgv_ll Y (TP +1) (3)
— 2T N-1yN
b= w[1\/(1\/—1)( i=1 &j=i+1Py ) @)

IM .= |(—2_\yN-1yN TR0y
adj (N(N—l)) =1 &j=i+l \[‘TT”

Esitliklerde ilk olarak LM testi zaman boyutunun (T) kesit boyutundan (N) biylk oldugu durumda
uygulanmaktadir (Pesaran, 2004: 4). CD\v» N>T oldugu durumda bozulmalar géstermektedir. N biyldikce
sapmalarin artmasi sorunu 6n plana ¢iktigl icin bu durum Pesaran (2004) tarafindan N>T oldugu asamada
kullanilan CD testinin gelistirilmesi ile asiimaya calisilmistir. Daha sonra Pesaran vd. (2008) ise sapmasi
dizeltilmis LM,q testi gelistirilmistir. Cahismada tutarhhigin ortaya konulmasi agisindan bitiin testler
raporlanmistir. Ayrica yatay kesit bagimliiginin hesaplanmasinda baska testler de bulunmasina ragmen bu
¢alisma icin s6z konusu testler uygulanmistir. Bu bakimdan testlere ait sonuglar Cizelge 3’te aktariimistir.

~N(0,1) (5)

Cizelge 3. Yatay kesit bagimliligi bulgulan

Yatay Kesit Bagimlihgi

Model
istatistik Degeri Olasilik Degeri
LM 54.691™" 0.000
CDum 5.199"" 0.000
cD 1.122 0.131
LMagj 3.640™"" 0.000

*Yatay kesit bagimsizligina iliskin bos hipotez ***, %1, diizeyinde anlamhligl gbstermektedir.

Test bulgularina gére %1 anlamlilik diizeyinde yatay kesit bagimhliginin oldugu tespit edilmistir. Yatay kesit
bagimhhginin olmasi, bir tlkedeki bir gostergeye (6rnegin yenilenebilir eneriji tiiketimi) yonelik bir sokun diger
Ulkeleri etkileyecegi anlamina gelmektedir. Test sonuglari, ikinci nesil testler ile devam edilecegini
gostermektedir.

On test niteliginde olan bir diger test ise homojenlik testleridir. Homojenlik testleri Swamy (1970)
tarafindan literatire kazandirilmis ve daha sonra Pesaran ve Yamagata (2008) tarafindan gelistirilmistir.
Homojenlik testleri bir veri setindeki gruplarin birbirine benzeyip benzemedigini anlamak i¢in kullaniimaktadir.
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Egim katsayilarinin homojenligini sinayan Delta testlerinin bos hipotezi egim katsayilari homojendir seklindedir
olup denklemde teste ait prosediirleri asagida sunulmaktadir.

= N~1$-k

A=+VN ( " ) (6)
~ _ N™1S-E(Z;iT)

o= W (") 7)

Esitlikte buytk orneklemlerde kullanilan A testi asimptotik normal dagilima sahiptir ve kiiglik 6rneklem
icin kullanilan ﬁadj testi kullanilmaktadir. Buna gore yukarida ifade edilen testlere ait bulgular Cizelge 4'te
sunularak raporlanmistir.

Cizelge 4. testlere ait bulgular
Egim Homojenligi

istatistik Degeri Olasilik Degeri
Delta Tilde 8.833™ 0.000
Delta Tildeag; 10.358"" 0.000

*Egim katsayilarinin homojenligine iliskin bos hipotez ***, %1, diizeyinde anlamhlgi géstermektedir.

Test bulgularina gore %1 anlamlilik diizeyinde egim katsayilarinin heterojen oldugu tespit edilmistir. Egim
katsayilarinin heterejon olmasi G7 (lkelerinde ¢evre vergilerinin CO2 emisyonlarini etkileme durumunun farkli
oldugu belirtmektedir.

On test bulgulari belirlendikten sonra birim kék testi icin ikinci nesil testlerden olan Nazlioglu ve Karul
(2017)’un ileri surdiigli LM testi ile arastiriimistir. Becker ve ark., (2006)’nin Fourier duraganlik testine dayanan
LM birim kok testi ani olmayan kirilmalar ile genisletmektedir. Testte bireysel istatistikler fourier frekansa bagl
iken, panel istatistik normal dagihmhdir. Monte Carlo similasyonlari ile testin veri lretme siregleri
incelemektedir (Nazlioglu ve Karul, 2017). Hipotez birim kok vardir tzerine kuruludur ve kirilma tarihlerinin
modellenme asamasinda bilinmesine gerek yoktur. Ayrica test sert ve kademeli kirilmalara izin vermektedir. Test
istatistigi Denklem 8'de sunulmustur.

VN (Pt(K)—
Zu (K) = D~ N(0,1) (®)

Esitlikte (k) ile { (k) sirasiyla frekanstaki ortalama ve varyanslarin ortalamasini gostermektedir. Gizelge
5’te degiskenlere ait bulgular sunulmakta ve raporlanmaktadir.

Cizelge 5. Fourier LM birim kok testi bulgulari

LCE
Ulkeler Fourier tau LM, Fourier tau LM, Fourier tau LM;
k=1 k=2 k=3
Kanada -2.9768 -1.1694 -1.0140
Fransa -0.2625 -0.3699 0.1572
Almanya -1.8764 -3.2443 -3.4870
italya 0.1487 -1.9252 -2.3785
Japonya -3.7315 -3.6529 -3.9344
ingiltere -0.7061 -0.3312 -0.3539
ABD -1.6263 -0.7456 -0.2744
Bulgular
Zim (ist. Deg.) 5.922 2.122 1.855
Olasilik Degeri 1.000 0.983 0.968
LGR
Kanada 1.6072 -0.4255 -0.4895
Fransa -0.8016 -1.5527 -2.4025
Almanya -0.6905 2.9508 1.9949
italya -3.1899 -3.7726 -4.3719
Japonya -0.4672 0.7434 1.5946
ingiltere 1.3457 -2.1422 -1.6292
ABD 0.6769 -0.5524 -1.2523
Bulgular
Zim (ist.Deg.) 11.769 5.608 4.581
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Olasilik Degeri 1.000 1.000 1.000
LEN

Kanada -3.4843 -2.6934 -2.4332
Fransa -0.1436 -0.5428 -0.5901
Almanya -1.3337 -3.2636 -2.8882
italya -0.1979 -2.2571 -2.4516
Japonya -0.8968 -1.6416 -1.2017
ingiltere 0.1450 0.0146 0.3206
ABD -3.5739 -1.1182 -1.0256
Bulgular

Zum (ist.Deg.) 6.872 2.089 2.440
Olasilik Degeri 1.000 0.981 0.992
LYEN

Kanada -1.2245 -4.0093 -2.9811
Fransa -1.2874 -2.2918 -1.4768
Almanya -0.7195 -0.7286 -0.7297
italya -0.0803 0.4683 0.2350
Japonya -1.0969 -2.9625 -1.8504
ingiltere 0.1754 0.7582 0.6730
ABD -1.9528 -2.8259 -2.2117
Bulgular

Zim (ist.Deg.) 8.900 2.043 3.551
Olasihk Degeri 1.000 0.979 0.999
LCcvV

Kanada -0.6115 -0.1172 -0.5327
Fransa -0.8587 -1.4413 -1.2310
Almanya -1.8951 0.1405 0.6598
italya -1.2575 -2.3681 -1.8350
Japonya 1.2958 4.2690 5.5124
ingiltere -3.5050 -3.5252 -2.0576
ABD -0.1194 -0.7443 -1.0765
Bulgular

Zyv (ist.Deg.) 8.430 6.110 8.036
Olasilk Degeri 1.000 1.000 1.000

Test bulgulari analize dahil edilen tim degiskenlerin birim kok stirece sahip oldugu ve esbittinlesme iliskisi
icin gerekli kosullarin sagladigini géstermektedir.

Daha sonra gevre vergisi CO2 emsiyonu, GSYH, eneriji tiketimi ve yenilenebilir enerji tiiketimi degiskenleri
arasinda uzun vadeli bir iliskinin varligi incelenmistir. Westerlund ve Edgerton LM esbitlinlesme testi (2007) egim
katsayilarinin heterojen ve yatay kesit bagimliiginin var olmasi varsayimina dayanarak secilmistir. Uygulanan
esbitlinlesme testi otokorelasyon ve degisen varyansa izin vermesi ve kiiciik bir 6rneklem igin sonuglar sunmasi
acgisindan avantajlidir.

Test, McCoskey ve Kao (1998) tarafindan gelistirilen Lagrange Multiplier testine dayanmakta ve yatay kesit
bagimliliginin oldugu / olmadigi durumda kullanilabilen test bulgulari sunmaktadir. Bu bakimdan yatay kesit
bagimhhg durumda bootstrap p-degerleri, yatay kesit bagimhliginin olmadigi durumda asimptotik p degerlerinin
raporlanarak yorumlanmasi gerekmektedir (Westerlund ve Edgerton, 2007). Testin bos hipotezi esbiitinlesme
vardir seklindedir ve istatistik Denklem 9’daki gibidir.

LM == 3N N @72 s 9)

Esitlikte S;¢? terimi z i hata teriminin kismi toplamini temsil etmekte ve w 2y it'in uzun vadeli varyansini
gostermektedir. Cizelge 6’da teste ait bulgular verilmektedir.

Test bulgulari iki sonug icinde bootstrap olasilik degerleri reddedilemedigini géstermektedir. Bu durum
degiskenler arasinda esbiitlinlesme iliskisinin varligina isaret etmektedir. Esbitiinlesme iliskisinin varligi
esbitlinlesme katsayi tahminci testinin uygulanmasina olanak vermektedir.

152



Turk Tarim ve Doga Bilimleri Dergisi 12(1): 145-156, 2025

Cizelge 6. Esbiitinlesme test bulgulari

LM istatistigi Asimtotik p- degeri Bootstrap p-degeri
Sabitli 4.304 0.000 1.000
Sabitli ve Trendli 11.067 0.000 0.564

*1000 tekrarli dagilim ve gecikme ile 6ncil 1 olarak alinmistir.

Analizin son asamasinda aciklayici degiskenlerin CO2 emisyonlari tzerindeki uzun vadeli etkisi tahmin
edilmektedir. Bunun igin CCE yontemi kullanilmistir. Pesaran (2006) tarafindan gelistirilen testin klasik tahmin
yontemleriyle karsilastirildiginda hem panel hem bireysel sonuglar sunmasi 6nemli bir avantajdir. Testte ait
prosediir asagida sunulmaktadir.

beceme = (1/N) Z1 by (10)

beceme = (TiLy 0 X{ My, X)) T XL, 6:X[ M, y; (11)

Testin bos hipotezi “katsayilar istatistiksel olarak anlamsizdir” (Pesaran, 2006). Cizelge 7’de yontem
sonucu elde edilen bulgular aktarilmaktadir.

Cizelge 7. Tahminci bulgulari

LCE=f(LGR) LCE=f(LEN)
CCE Katsayi Std. Hata p-degeri Katsayi Std. Hata p-degeri
0.945™" 0.233 0.000 0.733™ 0.248 0.003
Ulke Sonuglari
Kanada 0.292 0.450 0.517 0.813™ 0.379 0.005
Fransa 1.778™"" 0.615 0.004 0.233 0.369 0.527
Almanya 0.839™ 0.226 0.000 1.389™ 0.239 0.000
italya 1.759™ 0.346 0.000 0.824™" 0.121 0.000
Japonya 1.005™" 0.378 0.008 -0.452 0.628 0.471
ingiltere 0.326 0.457 0.475 0.716™" 0.160 0.000
ABD 0.616 0.706 0.383 1.355™" 0.271 0.000
LCE=f(LYEN) LCE=f(LCV)
CCE Katsayi Std. Hata p-degeri Katsayi Std. Hata p-degeri
-0.022 0.029 0.442 -0.230™ 0.106 0.030
Ulke Sonuglar
Kanada -0.019 0.439 0.964 -0.445™" 0.164 0.007
Fransa 0.038 0.068 0.579 0.085 0.128 0.508
Almanya -0.189™" 0.032 0.000 -0.142 0.092 0.123
italya 0.004 0.161 0.976 -0.416™" 0.124 0.001
Japonya 0.043 0.174 0.803 -0.593" 0.330 0.073
ingiltere -0.011 0.065 0.859 -0.262" 0.124 0.034
ABD -0.024 0.087 0.778 0.164 0.163 0.313

w061, U %5 ve “™ %10 diizeyinde anlamlilig gdstermektedir.

G7 ulkelerine ait panel geneli sonuglar asagidaki esitlikte sunulmustur:

LCE=a+0.945LGR +0.733LEN — 0.233CV + ¢

Bagimsiz degiskenlerden ilk olarak gelirin CO2 emisyonu Uzerindeki etkisi %1 dlizeyinde pozitif ve
anlamlidir. Buna gore gelirdeki %1’lik artis CO2 emisyonlarini %0.945 oraninda arttirmaktadir. Ulke bazh
incelemelerde Fransa, Almanya, italya ve Japonya’da katsayilarin istatistiksel olarak anlamli oldugu
gorilmektedir. Gelirdeki artis sirasiyla %1.778; %0.839; %1.759 ve %1.005 oraninda CO2 emisyonlarini
arttirmaktadir. Bu ¢alisma sonucunda elde edilen bulgular literatiirdeki bazi galismalar (Ghazouani ve ark., 2021;
Sarigiil ve Topcu, 2021; Dogan ve ark., 2022) ile uyumludur.

Bagimsiz degiskenlerden ikincisi olan enerji tiiketiminin CO2 emisyonu Uzerindeki etkisi %1 diizeyinde
pozitif ve anlamlidir. Buna goére enerji tiketimindeki %1’lik artis CO2 emisyonlarini %0.733 oraninda
arttirmaktadir. Ulke bazl incelemelerde Kanada, Almanya, italya, ingiltere ve ABD’de katsayilar istatistiksel olarak
pozitif ve anlamlidir. Degerler sirasiyla %0.813; %1.389; %0.824; %0.716 ve %1.355 CO2 emisyonlarini
arttirmaktadir. Bu g¢alisma sonucunda elde edilen bulgular literatirdeki bazi ¢alismalar (Hanif ve ark., 2019;
Wang ve ark., 2021) ile uyumludur.
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Bagimsiz degiskenlerden Uglinciisii olan yenilenebilir enerji tiketiminin CO2 emisyonu lizerindeki etkisi
istatistiksel olarak anlamsizdir. Ulke bazli incelemelerde ise sadece Almanya icin anlamli sonu¢ bulunmaktadir.
Buna gore yenilenebilir enerji tiketimindeki %1’lik artis CO2 emisyonunu %0.189 oraninda azaltmaktadir.

Bagimsiz degiskenlerden dérdiincisi olan gevre vergisinin CO2 emisyonu Uzerindeki etkisi %5 dizeyinde
negatif ve istatistiksel olarak anlamlidir. Buna gore gevre vergisindeki %1’lik artis CO2 emisyonlarini %0.230
oraninda azaltmaktadir. Ulke bazl incelemelerde Kanada, italya, Japonya ve ingiltere’de katsayilar istatistiksel
olarak negatif ve anlamlidir. Degerler sirasiyla %0.445; %0.416; %0.593; %0.262 oraninda CO2 emisyonlarini
azaltmaktadir. Bu bakimdan sonuglar literatiirdeki bazi ¢alismalar (Lin ve Li, 2011; Alper, 2018; Ulucak ve ark.,
2020; Sarigil ve Topcu, 2021; Ghazouani ve ark., 2021; Bashir ve ark., 2021; Telatar ve Birinci, 2022; Dogan ve
ark., 2022; Yunzhao, 2022; Shammre ve ark., 2023) ile uyumludur.

SONUC ve ONERILER

Kiresel 1sinma artik tartisilmaz bir gergektir ve insanliga verdigi zarardan dolayl diinyanin en ciddi
tehditlerinden biri haline gelmistir. Cevre vergileri, cevresel problemler ile miicadelede uygun maliyetli bir yol
olarak ortaya g¢ikmistir. Ancak gevre vergilerinin kirliligi azaltmadaki etkinligi halen devam eden bir tartisma
konusudur. Calisma gevre vergisinin CO2 emisyonunu azaltmada basarili olup olmadigini arastirmaktadir. Bunun
icin cogu sera gazi emisyonlarini 2050 yilina kadar net sifira indirme hedefi olan G7 ilkelerinin secildigi calismada
veri varligindan dolayr 1994-2014 dénem araligi incelenmistir. Calismanin veri kisitindan dolayi sinirhliklari
bulunmaktadir. Ampirik analizler icin esbltiinlesme ve esbiitiinlesme katsayl tahminci testleri kullaniimistir.

Analize dahil olan degiskenler arasinda uzun donemli esbitlinlesme iliskisi ortaya konulmustur. Uzun
doénem katsayi tahmin sonuglariincelendiginde, gelirin ve enerji tiketiminin CO2 emisyonlari Gzerindeki etkisinin
pozitif ve istatistiksel olarak anlamli oldugu gérilmustir. Sonuglar, Ghazouani ve ark., 2021; Sarigiil ve Topcu,
2021; Dogan ve ark., 2022; Hanif ve ark., 2019; Wang ve ark., 2021 calismalari ile benzerlik gostermektedir.
Gelirin, CO2 emisyonlarini arttirmasi ilgili Glkelerde ekonomik kalkinmanin cevre kalitesi pahasina gergeklestigi
soylenebilir. Bu durum G7 ulkeleri icin beklenen bir sonugtur. Eneriji tiiketiminin CO2 emisyonlarini arttirmasi yine
elektrik Gretiminin yaklasik %80'inin fosil enerji kaynaklarindan dretildigi G7 Ulkelerinde beklenen bir sonugtur.
Cevre vergisinin CO2 emisyonlari Gizerindeki etkisi negatif ve istatistiksel olarak anlamlidir. Sonuglar, Lin ve Li,
2011; Alper, 2018; Ulucak ve ark., 2020; Sarigil ve Topcu, 2021; Ghazouani ve ark., 2021; Bashir ve ark., 2021;
Telatar ve Birinci, 2022; Dogan ve ark., 2022; Yunzhao, 2022; Shammre ve ark., 2023 galismalari ile benzerlik
gostermektedir. Cevre vergisindeki artislarin CO2 emsiyonlarini azaltmada basarili olacagi analizler sonucu
belirtilmistir. Cevre vergilerinin, ilgili Glkelerde tehlikeli atiklarin Gretimini caydirabilecek ek bir maliyet gorevi
gordigi soylenebilmektedir. Bu maliyeti en aza indirmek ve cevresel dissalliklari sinirlandirmak icin firmalar,
cevre dostu makineler ve teknolojiler kullanma egilimindedir. Fransa, Almanya ve ABD’de katsayiya ait sonuglar
istatistiksel olarak anlamsizdir. Fransa'da karbon vergisinin 2014 yilinda kabul edilip veri ulasilabilirliginin bu
tarihten sonra sona ermesi, Almanya'da ise karbon vergisinin ancak 2021'de uygulanmaya baslanmasindan dolay
katsayi anlamsizdir. Ayrica yenilenebilir enerji tiketiminin CO2 emisyonu Uzerindeki etkisi sadece Almanya (lkesi
icin anlamli sonuglar sunmaktadir. Almanya 2030 yilina kadar elektrik tiiketimin en az %80’ini yenilenebilir enerji
kaynaklarindan karsilamayi hedeflemektedir. 1998 yilinda toplam elektrik Gretiminde yenilenebilir enerjini payi
%4,7 iken 2019 yilinda bu oran %42’ye yiikselmistir. Bu bakimdan elde edilen sonug Almanya igin beklenmektedir.

Ampirik sonuglar bazi 6nemli sonuglara isaret etmektedir. CO2 emisyonlari azaltmada gevre vergisi enerji
verimliligini artirabilir ve ayni zamanda yenilenebilir enerjinin gelisimini tesvik edebilir. Ancak cevre vergisinin
etkinligi tartisilmaktadir. Clinkli ekonomik biyimenin ve sosyal refahin azalmasina yol agarak, ilgili sektorlerin
rekabet glicline zarar verebilmektedir. Bu nedenle gevre vergisini uygulayan Ulkeler igin bilimsel ve rasyonel gevre
vergilendirmesi hayati 6nem tasimaktadir. Hikiimetler gevre vergisini yalnizca karbon emisyonlarini kontrol
etmek icin dogrudan bir arag olarak kullanmamalidir. Enerji tiiketimi davranisi, enerji kullanim tirleri ve temiz
teknolojilerin gelistirilmesi ve benimsenmesi gibi CO2 emisyonlarinin diger temel belirleyicileri Gzerindeki
etkilerini de gz 6niinde bulundurmalidir. Karbon vergisinden elde edilen gelirin yenilenebilir eneriji tiiketimine
yonelik bir politika tesviki yaratilmasi saglanarak vatandaslarin refahina kanalize edilmelidir. Tesvikler yesil isler
yaratmak iginde olusturulabilir. Son olarak karbon vergisi tlkelerde olumsuz iklim dissalliklariyla miicadelede
etkili olacak ve uzun vade de yenilenebilir enerji kaynaklarinin kullanimini artirmak igin mali bir tesvik gorevi
saglayacagi unutulmamalidir.

Bu arastirmanin gelecekteki calismalar icin potansiyel olarak genisletilmesi, analizin daha genis bir
orneklem araciligiyla llke grubu karsilastirmasinin yapilmasi dnerilmektedir. Ayrica ¢evre vergilerinin yalnizca
CO2 emisyonlari kapsaminda incelenmesinin yani sira diger kirletici gbstergelerin analizlere eklenerek kapsamh
bir arastirmanin gerceklestirilmesi literatiiriin gelismesine katki saglayacaktir.
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Bu calismada sporcu beslenmesinde 6nemli bir yere sahip sporcu gidasi olarak isimlendirilen protein
tozu (Sg), milkshake (M) ve enerjiicecegi (E) drneklerinin cok degerli bir ari Girlinl olan superkritik akiskan propolis
ekstrakti ile zenginlestirilerek yeni fonksiyonel gidalar gelistirilmesi (Sgp, Mp, Ep), ve bu gidalarin iz element
iceriklerinin belirlenmesi amaglanmistir. ICP-MS cihazi kullanilarak sade ve propolis ilaveli Griinler ile propolis
ekstraktinin element (agir metal) icerikleri tespit edilmistir. Yapilan ¢alismada superkritik akiskan propolis
ekstraktinin element (agir metal) ortalama igerik degerleri ppm cinsinden sirasiyla; Kursun (Pb): 0,6933, Nikel
(Ni): 3,1100, Demir (Fe): 786,2433, Bakir (Cu); 1,4733, Kadmiyum (Cd): TE olarak tespit edilmistir. Ayrica sade ve
superkritik akiskan propolis ekstraktinin ilave edildigi Urlnlerin degerleri her bir element igin ayri ayri
degerlendirilmis ve énemli farkliliklar gériilmistiir. incelenen riinlerin ortalama element (agir metal) icerik
degerleri ppm cinsinden sirasiyla; Pb icin; Sg: 0,117, Sgp: 0,226, M: 0,103, Mp: 0,127, E: 0,038, Ep: 0,103, Ni icin;
Sg: 6,35178, Sgp: 8,14263, M: 1,560, Mp: 2,137, E: 0,056, Ep: 0,079, Fe i¢in Sg: 0,020, Sgp: 0,028, M: 31,424, Mp:
33,615, E: 1,122, Ep: 1,347, Cu igin; Sg: 5,387, Sgp: 7,132, M: 3,940, Mp: 5,147, E: 0,074, Ep; 0,081, olarak tespit
edilmistir ve tim érneklerde Cd tespit edilmemistir. iz element degerleri her bir element igin superkritik akiskan
propolis ekstrakti ve Uriinlere gore degerlendirilmis ve 6nemli farkliliklar gorilmdstir. Ayrica tespit edilen tim
element icerigi konsantrasyonlari (ppm) karsilastirildiginda Sgp’de yiiksek konsantrasyon gézlenmistir.

Anahtar kelimeler: Propolis, milkshake, enerji icecegi, protein tozu, iz element

Determination of Trace Elements in Propolis Added Sports Food and Beverages

ABSTRACT

In this study, it was aimed to develop new functional foods (Sgp, Mp, Ep) by enriching protein powder (Sg),
milkshake (M) and energy drink (E) samples, which have an important place in sports nutrition, with supercritical
fluid propolis extract, a very valuable bee product, and to determine the trace element contents of these foods.
The element (heavy metal) contents of plain and propolis added products and propolis extract were determined
using ICP-MS device. In the study, the average element (heavy metal) content values of supercritical fluid propolis
extract in ppm were as follows; Lead (Pb): 0,6933, Nickel (Ni): 3,1100, Iron (Fe): 786,2433, Copper (Cu); 1,4733,
Cadmium (Cd): TE. In addition, the values of the products to which plain and supercritical fluid propolis extract
was added were evaluated separately for each element and significant differences were observed. The average
element (heavy metal) content values of the analyzed products in ppm are as follows; for Pb; Sg: 0,117, Sgp:
0,226, M: 0,103, Mp: 0,127, E: 0,038, Ep: 0,103, for Ni; Sg: 6,35178, Sgp: 8,14263, M: 1,560, Mp: 2,137, E: 0,056,
Ep: 0,079, for Fe; Sg: 0,020, Sgp: 0,028, M: 31,424, Mp: 33,615, E: 1,122, Ep: 1,347, for Cu; Sg: 5,387, Sgp: 7,132,
M: 3,940, Mp: 5,147, E: 0,074, Ep: 0,081, and Cd was not detected in all samples. Trace element values were
evaluated for each element according to supercritical fluid propolis extract and products and significant
differences were observed. In addition, when the concentrations (ppm) of all detected elemental contents were
compared, high concentrations were observed in Sgp.

Key words: Propolis, milkshake, energy drink, protein powder, trace element
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GIRIS

Tarimsal, endustriyel ve ekonomik gelismelerdeki hizli artis sebebiyle toprak, su, hava ve gida kirliligi
artmistir. Bu gelismelerle birlikte yasam kosullarinin degismesi ile artan hastaliklar, protein eksikligi, yetersiz ve
dengesiz beslenme gibi olumsuz durumlarin 6niine gecebilmek ve insan saghgini korumak amaciyla fonksiyonel
gidalarin kullanimi ve koruyucu etkilerine yonelik arastirmalar son yillarda artis gostermistir. Bal arilarinin
Urettikleri, kullanimi oldukga yaygin olan ve git gide daha da artmakta olan ¢ok degerli ari Griinlerinin de insan
sagligini koruyucu etkiye sahip oldugu bildirilmistir (ilkaya ve inci, 2023).

Akla gelen ilk ari Griini genellikle bal olsa da, arilar ayrica ari siitQ, polen, balmumu, ari zehri, erkek ari
larvasi (apilarnil) ve propolis gibi her biri birbirinden farkli ve zengin biyolojik degerlilige sahip trlinlerin Giretimini
yapar. Propolis, bal arilarinin (Apis mellifera) bitkilerin yaprak, tomurcuk, eksidallari gibi kisimlarindan
topladiklari maddeleri kendi tikirik enzimleri ile birlestirerek olusturduklari regineli kompleks bir maddedir.
Propolis arilarin kovandaki delikleri ve gatlaklari kapatmak icin kullanirlar bu nedenle ari tutkal olarak da bilinir.
Ayni zamanda kovan igine disardan bocek, fare gibi zararlilarin girisini ve patojen mikroorganizmalari
engelleyerek kovanin korunmasini ve dezenfeksiyonunu saglamaktadir (Coskun ve inci, 2020). Ana bilesenleri
%50-60 oraninda regine ve balsam, %30-40 oraninda balmumudur. Polenler, vitaminler ve mineraller gibi diger
bilesenler tipik olarak %5'in altindadir (Déner ve inci, 2021). Propolisin organik icerigi analiz edilerek alkoller,
alifatik asitler, aromatik asitler, esterler, flavonoidler, antrakinonlar, ketonlar, sekerler, terpenler gibi 300'den
fazla bilesik tanimlanmistir (Sods ve ark., 2021). Propolis iceriginde bulunan bu fenolik asitler, flavonoidler,
terpenoidler, fenolik esterler ve sekerler gibi maddeler sayesinde antioksidan, antibakteriyel, antiviral, anti-
inflamatuar ve antitiimor gibi biyolojik olarak gesitli faydali 6zelliklere sahiptir, bu nedenle de sagligi koruyucu
ajanlar olarak kullanilabilirler. Bu 6zellikleri sayesinde propolis tip, kozmetik, farmakoloji, apiterapi ve saghkli gida
Uretimi gibi bircok alanda kullaniimaktadir (Kebede ve ark., 2024).

Propolis bilesiminin komplex olmasi sebebiyle hammadde olarak kullanilamaz. Dogrudan tiiketilebilen ari
Urlnlerinden biri degildir. Ekstraksiyon islemi ile yabanci maddelerin uzaklastiriimasi gerekir (Bakkaloglu & Arici
2019). Ekstraksiyon, propolis 6rnegindeki inert bilesiklerin uzaklastiriimasini ve flavonoidler ile polifenolik
fraksiyonun korunmasini hedefler. Propolis ekstraksiyonunda kullanilan en yaygin teknik etanol, su, hekzan, etil-
asetat ve kloroform gibi c¢ozicilerin kullanimini iceren ¢o6ziici ekstraksiyonudur. Ancak, bu geleneksel
tekniklerin, olasi ters reaksiyonlar, ¢evreye zarar, igerisinde yliksek kalinti olasiligi ile disiik ekstrakt kalitesi ve
uzun islem suresi gibi bazi dezavantajlari vardir. En ¢ok kullanilan geleneksel ekstraksiyon yontemleri arasinda
hidro-distilasyon, soxhlet ve maserasyon islemlerini iceren organik ¢dziicii ekstraksiyonlari yer almaktadir. Ote
yandan, propolis ekstraksiyonu ile ilgili modern teknikler, 6rnegin ultrason ekstraksiyonu, mikrodalga destekli
ekstraksiyon, liyofilizasyon, nanofiltrasyon ve siperkritik karbondioksit ekstraksiyonu gibi bircok arastirmaci
tarafindan incelenmistir (Idrus ve ark., 2018).

Superkritik karbondioksit (SC-CO,), dogal kaynaklardan biyoaktif bilesiklerin saflastiriimasi ve
fraksiyonlanmasi icin mikemmel bir yontem oldugu bildirilen geleneksel ekstraksiyona alternatif tekniklerden
biridir (Idrus ve ark., 2018).

Agir metaller, dogal olarak ve antropojenik faaliyetler sonucu olusan gevresel kirleticilerdir. insanlarin
agir metallere maruziyeti hava, toz ve toprak yoluyla olsa da ¢ogunlukla su ve gida yoluyla olmaktadir. Kursun,
kadmiyum, nikel gibi agir metaller gida irinlerinde biyolojik olarak birikebilen ve bu gidalarin tiiketimi sonucu
insan saghgl lzerinde olumsuz etkilere yol agabilen kanserojenler olarak kabul edilir (Budianta ve ark.,
2022). Bununla birlikte eser elementler, insanlarda glinde <100 mg miktarinda gerekli olan dogal olarak olusan
inorganik maddelerdir. Biyolojik yapilarin temel bilesenleridir. Hayati biyokimyasal reaksiyonlara aracilik ederek
yasam icin gerekli olan gesitli stiregler Gzerinde 6nemli bir etkiye sahiptir ve bu siireglerde kilit rol oynarlar. Bu
elementlerin biyolojik islevler icin gerekenden daha yuksek seviyede alimi, viicut saghgi igin toksik olabilir. Bu
nedenle, eser elementlerin optimum seviyelerinde alinmalari ¢gok 6nemlidir (Al-Fartusie ve Mohssan, 2017).

Propolis, insan sagligi Gizerinde olumlu etkileri olan zengin besin icerigine sahip anlamina gelen "sliper
gidalar" olarak 6nerilen gidalar arasinda yer almaktadir (Taulavuori ve ark., 2013). Bu sebeple, yiiksek kalitede
olmalidir. Ancak propolisin bilesimi, cografi bolgeye, iklime ve mevsime bagh olarak degiskenlik gostermektedir.
Farkliliklar, mineral icerikleri de dahil olmak tizere birgok besin grubunu igerebilir (Golubkina ve ark., 2016). Asiri
element alimi insan saghginda olumsuz etkilere yol acabileceginden, propolisteki agir metallerin
konsantrasyonlari kesin olarak tanimlanmalidir.

Pastukhova ve ark. (2016), farkli kirlilik seviyelerine sahip bolgelerde ari Uriinlerindeki agir metal
birikiminin 6zelliklerini inceledigi calismasinda, propolis, polen, bal, balmumu ve arilarin viicutlarindaki agir metal
icerigi arastirmistir. Yazara gore kirliligin en bilgilendirici gdstergeleri propolis ve polendir. Bolgenin ekolojik
durumunu izlemede aricilik Grinlerinin ve 6zellikle propolisin kullanilmasi olasiligindan bahsetmistir. Murashova
ve ark. (2020), atomik absorpsiyon spektroskopisi yontemi kullanilarak yaptiklari ¢alismalarinda agir metallerle
en c¢ok kirlenmis ari Grlinlerinin propolis, polen, ari ekmegi oldugunu, en temiz Urinin ise bal oldugunu
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bildirmislerdir. Ek olarak birkag farkh arastirmaci da benzer veriler ile, toksik elementlerle gevre kirliliginin tim
aricihk Grtinlerinde, ancak daha biyiik olgiide polen ve propoliste konsantrasyonlarinin daha fazla oldugunu
bildirmistir (Matuszewska ve ark, 2021; Vakhonina ve ark, 2021). Ancak, propolisteki toksik elementlerin
teknolojik kaynaklara ek olarak, kontamine ekipman ve veteriner ilaglari kullanildiginda daha da ¢ok birikebilecegi
bildirilmistir. Bu sebeple, propolis en fazla miktarda toksik element igeren ari triinlerinden biri oldugu ve ham
propolislerin bazilarinin ilag, kozmetik ve gida driinlerinin Gretimi igin glivenli olmadigi bildirilmistir (Vakhonina
ve ark., 2021).

Bu calismada, superkritik propolis ekstrakti ve genellikle sporcu beslenmesinde 6n plana ¢ikan sporcu
gidasi olarak da bilinen protein tozu, milkshake ve eneriji iceceginin bu ekstraktin ilave edildigi ve edilmedigi toz
icecek orneklerindeki bir grup eser elementin icerigi indiktif eslesmis plazma spektrometresi (ICP-MS) ile
Olgtlmusgtar.

MATERYAL ve METOT
Suiperkritik akiskan propolis ekstrakti hazirlanmasi

Superkritik akiskan propolis ekstrakti eldesi icin Stiperkritik CO, Ekstraktér F-500 Cihazi ile galigilmistir.
Propolis 6rnekleri -80 °C’ de dondurulup daha sonra 6gitici ile 6gitildi. 200 g ham propolis tartilarak torbanin
icerisine konuldu ve torba cihazin ilgili kismina yerlestirildi. Propolis 300 bar basin¢ta 360 dk streyle CO; gazi ile
ekstrakte edildi.

Uriinlerin Hazirlanmasi

OMS group Mossa Toz icecek Firmasinda Uretilen gikolata aromali protein tozu (Sg), gikolata aromali
milkshake (M) ve enerji icecegi (E) ile ayni drneklere %1 oraninda suiperkritik akiskan propolis ekstrakti ilave
edilerek homojen hale getirilmis, propolis ilaveli ¢ikolata aromali protein tozu (Sgp), propolis ilaveli cikolata
aromali milkshake (Mp) ve propolis ilaveli enerji icecegi (Ep) hazirlanmistir.

ICP-MS ile Metal igerik Analizi
ICP-MS analizi igin Mikrodalga Firininda Coziindiirme islemi

ICP-MS metodu numune hazirlanmasinda, numunelerden yaklasik 1000 mg tartilarak teflon kaplarina
aktarildi ve her bir numunenin tzerine derisik 10 mL %65' lik Merck nitrik asit eklendi. Blank i¢in bog bir teflon
kapa 7 mL % 65'lik nitrlk asit eklendi. Teflon kaplar CEM marka MARS6 ONE TOUCH (USA) model mikrodalga
parcalayici firinina yerlestirildi. 25 dakika icinde maksimum sicaklik 210 °C’ ye kadar yikseltilerek bu sicaklikta 15
dakika bekletildi. Toplamda 40 dakika kapali sistemde bekletilerek ¢oziindiirme islemi gercgeklestirildi. Mikrodalga
firin sicakhginin ortam kosullarina donmesinden sonra teflon kaplarda bulunan ¢ozelti ultra saf su ile teflon kaplar
kapaklari ile beraber iyice yikanarak 50 mL balon jojelere alindi. Cozeltilerin uygun seyreltmeleri yapilarak ICP-
MS cihazinda belirlenen sartlarda okumalari yapildi.

Element analizi i¢in ICP-MS Metodu

ICP-MS kalibrasyon ¢ozeltileri ticari olarak satilan ¢oklu element standartlari % 1’lik (suprapure nitrik
asit-ultra saf su) ile seyreltilerek kalibrasyon grafigi Tablo 1’ de belirtilen konsantrasyonlar hazirlanarak
olusturulmustur. Yapilan ¢alismada numunelerin element analizleri icin kuarz nebulizer (sislestirici), cyclonic
spraychember (sislestirme odasi) ve entegre bir auto-sampler bulunduran ICP-MS NexION ® 2000 C
(PerkinElmer®Inc., USA) cihazi kullanildi. Sartorius™ -Wall Mounted-,Arium pro Ultrapure Water System
cihazindan elde edilen 18,2 MQ ultra saf su kullanilarak % 1 suprapure nitrik asit-ultra saf su iceren yikama
¢Ozeltisi hazirlanarak Tablo 1’de belirtilen konsantrasyonlarda hazirlanmistir. Element analizlerinin kontroli igin
25 ppb konsantrasyonunda #Y internal standardi kullanilmistir.

Tablo 1. Kalibrasyon standartlari

Analitler Std1 Std2 Std3 Std4 Std5 Internal Standart
(ppb) (ppb) (ppb) (ppb) (ppb)
Cd, Cu, Fe, Ni, Pb 1 5 25 50 100 8y

Verilerin Analizi

istatistiksel analizler, SPSS 23.0 istatistiksel yazilm paketi kullanilarak yapilmistir. Veilerin aritmetik
ortalama ve standart sapmalari hesaplanmistir. Gruplar arasindaki farkliliklar, tek yonli varyans analizi (Tek Yonla
ANOVA) prosediiri ile P<0.05'e gore degerlendirilmistir. Gruplara ait ortalamalar arasindaki farkhhklarin
onemlilik testinde Duncan testi kullanilmistir.
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BULGULAR ve TARTISMA

Bazi agir metaller de dahil olmak Gizere eser elementler (Fe, Zn, Cu, Mn ve Se vb.), canli organizmalardaki
fizyolojik ve biyokimyasal sirecler igin gereklidir, ancak asiri miktarlarda alinirlarsa toksik etki yapmalari sonucu
saghk sorunlari ortaya cikabilir. Bu nedenle, mineraller insan sagligi icin oldukca ©nemlidir. iz
elementlerin toksisitesi, doz, maruz kalma kosullari, biyoyararlanim ve etkilenen biyolojik tiirler dahil olmak
Uzere gesitli faktorlere baghdir (Khaneggah vd., 2020).

Propolisin mineral bilesenlerindeki farklilik, kaynak bitkilerin mineral igeriginin yani sira toprak yapisi ve
iklim kosullarindan kaynaklanmaktadir. Yapilan bir ¢calismada Tirkiye (TP), Cin (CP), Brezilya (BP1, BP2) ve
Etiyopya (Ep)' dan elde edilen bes propolis 6rneginin element iceriginin indiktif olarak eslesmis plazma kiitle
spektrometresi (ICP-MS) ile tespit edilmistir. Propolis 6rneklerinde Li, B, Be, Mg, Na, Al, Cu, Ca, Zn, Cr, K, V, Mn,
Co, Fe, Ga, Ni, Sr, In, Rb, Ru, Ag, Cs, Pd, Cd, Pt, Ba, Hg, Tl ve Au olmak lzere toplamda 29 element belirlenmistir.
TUm 6rneklerde rutenyum (Ru), platin (Pt), altin (Au), civa (Hg) ve talyum (Tl) bulunmadigi bildirilmistir. Ayrica,
propolis 6rneklerinde az miktarda lityum (Li), berilyum (Be), vanadyum (V), krom (Cr), kobalt (Co), nikel (Ni), bakir
(Cu), galyum (Ga), stronsiyum (Sr), kadmiyum (Cd), indiyum (In), sezyum (Cs), paladyum (Pd), gimus (Ag)
konsantrasyonlari tespit edildigi ve genel olarak, TP numunesindeki bircok elementin konsantrasyonunun diger
numunelerdekinden daha yilksek oldugu belirlenmistir (Bayram, 2020).

Roman ve ark., (2011) Polonya propolisinde yalnizca Cd, Co, Pb, Zn ve As icerigini analiz etmislerdir. Daha
sonra Matuszewska ve ark., (2021) tarafindan daha detayli bir inceleme yapilmistir. Bu ¢alismalarin sonuglarina
gore secilen elementlerin konsantrasyonu ilk ¢alismada daha yiksek bulunmustur. Yazarlar bu durumun
muhtemelen ari kovanlarinin konumundan kaynaklandigini, Roman ve ark., yogun bir sekilde sanayilesmis bir
bolgeden toplanan propolisi analiz ettiklerini, Matuszewska ve ark., ise, ari kovanlarinin blylk bir tasra sehri
bolgesinde bulundugunu bildirmislerdir. Bu karsilastirmalar 1siginda yuksek kirletici igeriginin ylksek endustriyel
ve tarimsal faaliyetlerle iliskili olabilecegi bildirilmistir.

Izol ve Turhan (2024), ICP-MS ile Bitlis propolisinin mineral icerigini belirledikleri calismalarinda propolis
orneklerinde Fe (1068 mg/kg), Pb (18,6 mg/kg), Ni (2,8 mg/kg), Cu (2,2 mg/kg) olarak ve Cd’'nin tespit
edilmedigini bildirmislerdir.

Yapilan arastirmalar, farkli bitki 6rtiis, toprak ve iklim gibi bircok etkenin propolisin mineral igerigini
etkiledigini ortaya koymaktadir. Biz de bu ¢alismamizda Bingdl ilinden elde edilen propolis 6rneginin superkritik
ekstraksiyonu ile bu propolis ekstraktinin ilaveli ve sade protein tozu, milkshake ve enerji icecegi 6rneklerindeki
bazi mineral igeriklerini ICP-MS ile belirledik.

ICP-MS analizlerinde kullanilan 6rnek hazirlama yontemleri, su ile seyreltilen 6rneklerin yani sira
mikrodalga sindirimi gibi proseddrleri icerir. Mikrodalga sindirimi, 6rnegin nitrik asit (HNOs) ve hidrojen peroksit
(H20,) kullanilarak gergeklestirilir. Bu yontem, érneklerin tam olarak ¢éziinmesini saglar, ardindan deiyonize su
eklenerek seyreltme islemi yapilir (Analytik Jena, 2018). Kalibrasyon ¢ozeltileri, iz elementler ve matris elementler
icin uygun konsantrasyon araliklarinda hazirlanir. Boylece, analizde yiksek dogruluk saglanir (Agilent
Technologies, 2024). ICP-MS'nin avantajlarindan biri, cok diisiik algilama limitlerine sahip olmasidir. Ornegin,
potasyum (K), kalsiyum (Ca) ve bakir (Cu) gibi elementler, pug/L seviyesinin ¢ok altindaki konsantrasyonlarda bile
dogru bir sekilde olculebilir. Bu 6zellik, gida Griinlerinin besin degeri ve kirleticilerin izlenmesi acisindan biyiik bir
fayda saglar (Analytik Jena, 2018). Ayrica, i¢ standart kullanimi, yéntem dogrulugunu ve analizdeki stabiliteyi
garanti eder, boylece uzun siireli analizlerde bile sonuglarin tutarlihgi korunur (Agilent Technologies, 2024).

Yaptigimiz ¢alismada, ICP-MS cihaz yontemiyle superkritik propolis ekstrakti ve bu ekstraktin %1

oranindailave edildigi protein tozu, milkshake ve enerji icecegi tozlari ile sade olan icecek 6rneklerinin istatistiksel
olarak element degerleri (ortalama, standart sapma, standart hata ve istatistiksel olarak 6nem derecesi) Tablo 2
ve Tablo 3’ te verilmistir.
Superkritik propolis ekstraktinin ICP-MS ile Pb, Ni, Fe, Cd ve Cu elementleri kantitatif olarak belirlendi.
Sonuglar Tablo 2’ de verilmistir. En yiiksek Fe (786,2433 mg/kg), Ni (3,1100 mg/kg), Cu (1,4733 mg/kg) ve en
distk Pb (0,6933 mg/kg) konsantrasyonlari belirlenirken, toksik bir element olan Cd belirlenemedi. Genel olarak
propolisin superkritik ekstraksiyonunun iz elementleri icerdigi bulunmustur.

Tablo 2. Superkritik Propolis Ekstraktinin Element Analizi Konsantrasyonu (ug/kg)

Elementler Ortalama Std. Sapma Std. Hata Onem derecesi (p)
Pb 0,69332 0,01155 0,00667 *

Ni 3,1100°¢ 0,07211 0,04163 *

Fe 786,2433¢ 0,99108 0,57220 *

Cu 1,4733° 0,10693 0,06173 *

Cd TE - - ONz
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Yapilan ¢alismada, propolisin Pb icerigi ortalama 0,69 pg/kg olarak saptanmistir. Bu deger, FAO-
WHO’nun gidalarda tanimladigi maksimum Pb degerinden (0,3 ppm) ve TGK’nin gidalarda tolere edilebilir Pb
degerinden (0,1 ppm) disiktir (Anonim, 1982; Anonim, 1989). Propolisin Cu icerigi ortalama 1,47 pg/kg olarak
tespit edilmistir. Bu deger, FAO-WHO'nun gidalarda tanimladigi maksimum bakir igerigi degerinden (5,0 ppm)
daha duslktir. Ayrica, Fe icerigi ortalama 786,24 ug/kg olarak tespit edilmistir. Fe icerigine ait bulgular, FAO-
WHO’nun gidalarda izin verdigi maksimum degerden (15 ppm) diisiik bulunmustur (Anonim, 1982; Anonim,
1989). Propolisin Ni igerigi ortalama 3,11 pg/kg olarak saptanmistir. Bu deger, FAO-WHO’nun gidalarda
tanimladigr maksimum Ni degerinden (67 ppm) dislktir (Mundi ve ark, 2019). Bununla birlikte analiz edilen
propolislerde Cd igerigine rastlanmamistir. FAO-WHQ’ya gore gidalarda Cd bulunmamasi istenmektedir. Elde
edilen Cd degerleri, FAO-WHOQO’nun ve TGK'nin gidalarda izin verdigi Cd degerinden (0,1 ppm) daha duisik
bulunmustur (Mundi ve ark, 2019).

ICP-MS, gida Uriinlerinde, 6zellikle siitll iceceklerdeki ve protein tozlarindaki iz elementlerin analizinde
oldukga etkili bir tekniktir. Bu ydntem, dusuk konsantrasyonlardaki elementlerin hassas bir sekilde belirlenmesini
saglar ve genellikle besin degerlerinin dogrulugunu kontrol etmek ve kirleticilerin varhgini tespit etmek igin
kullanilir. Stt tozu 6rneklerinde yapilan calismalarda, ICP-MS, iz elementlerin ¢ok disik seviyelerde bile tespit
edilmesine olanak tanir. Bu, gida glivenligi acisindan olduk¢a 6nemlidir, ¢linki gida Griinlerinde bulunan mikro
seviyedeki elementler, beslenme degerinin yani sira potansiyel saglik riskleri agisindan da kritik olabilir (Analytik
Jena, 2018; Agilent Technologies, 2024).

Tablo 3. Superkritik Propolis Ekstrakti ilaveli ve ilavesiz Uriinlerin Element Analizi Konsantrasyonu (ppm)

Elementler ve Uriinler Ortalama Std. Sapma Std. Hata Onem derecesi (p)
Pb Sg 0,117¢ 0,33 0,57 *
Sgp 0,226¢ 0,57 1,00 *
M 0,103° 0,33 0,57 ONz
Mp 0,127¢ 0,33 0,57 *
E 0,038 0,33 0,57 *
Ep 0,103° 0,33 0,57 ONz
Ni Sg 6,35178¢ 0,57 1,00 *
Sgp 8,14263f 0,57 1,00 *
M 1,560¢ 0,57 1,00 *
Mp 2,137¢ 0,57 1,00 *
E 0,056 0,57 1,00 *
Ep 0,079° 0,57 1,00 *
Fe Sg 0,020¢ 0,57 1,00 *
Sgp 0028¢ 0,57 1,00 *
M 31,424¢ 0,57 1,00 *
Mp 33,615f 0,57 1,00 *
E 1,122° 0,57 0,99 *
Ep 1,347° 0,57 1,00 *
Cu Sg 5,387¢ 0,57 1,00 *
Sgp 7,132 0,57 1,00 *
M 3,940¢ 0,57 1,00 *
Mp 5,147¢ 0,57 1,00 *
E 0,074° 0,57 1,00 *
Ep 0,081° 0,57 1,00 *
cd Sg TE - - ONz
Sgp TE - - ONz
M TE - - ONz
Mp TE - - ONzZ
E TE - - ONz
Ep TE - - ONz

Yapilan bazi calismalarda, protein tozlarindaki elementel igerik ve potansiyel olarak zararl iz metallerin
varhigl incelenmistir. Ornegin, irlanda pazarindaki protein tozlari lzerinde yapilan bir calismada arsenik,
kadmiyum ve civa gibi elementlerin seviyeleri analiz edilmistir. Cogu 6rnekte bu elementlerin kabul edilebilir
seviyelerde oldugu belirlenmis, ancak bazi Griinlerde arsenik seviyeleri glivenli limitleri asmistir. Bu durum, uzun
sireli kullanimda saglik riskleri olusturabileceginden, bu tir analizler daha da 6nemli hale gelmektedir (Ring ve
ark, 2021). Bu konuda yapilan baska bir calismada, alternatif kaynaklardan elde edilen protein tozlari, 6rnegin
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cekirge proteini, ICP-MS ile analiz edilmistir. Bu analizde, farkh protein tozlarindaki kalsiyum, magnezyum ve krom
gibi elementlerin farkli konsantrasyonlari gézlemlenmistir. Bu durum, ICP-MS'nin protein takviyelerinin glivenligi
ve kalitesi hakkinda degerli bilgiler sundugunu ortaya koymaktadir (Agilent Technologies, 2023).

ICP-MS, enerji iceceklerinde de metal icerigini analiz etmek icin yaygin olarak kullanilan bir tekniktir.
Yapilan ¢alismalar, bu iceceklerdeki iz elementlerin, 6zellikle kadmiyum, krom, bakir ve kursun gibi agir metallerin
varligini ortaya koymustur. Bu metaller, saglk agisindan risk olusturabilecek seviyelerde bulunabilir. Ozellikle
krom ve bakir gibi elementlerin yiiksek konsantrasyonlari, enerji iceceklerinin potansiyel kontaminasyonunu
gostermektedir (Biorxiv, 2020).

Ornekler ve Cu (63), Fe (57), Ni (60) ve Pb (208) ortalamalarina ait sonuglar tablo 3’te verilmistir. En
disik Cu ortalamasina E isimli 6rnekte ulasilirken bunu sirasiyla Ep, M, Mp, Sg izlemistir. En yiksek Cu
ortalamasina ise Sgp 6rneginde ulasiimistir. Cu degerinin genel ortalamasi ise 3,627 ppm olarak hesaplanmistir.
Fe degerinin genel ortalamasi 19,353 ppm olarak hesaplanirken bu deger E 6rneginde en disik, Sgp érneginde
ise en yuksek degere ulasmistir. Ni degerinin genel ortalamasi 3,054 ppm olarak hesaplanir iken bu deger E
orneginde en disuk, Sgp 6rneginde ise en yiiksek degere ulagmistir. Pb degerinin genel ortalamasi 0,119,67
olarak hesaplanir iken bu deger E 6rneginde en dislik, Sgp 6rneginde ise en yliksek degere ulasmistir.

SONUC ve ONERILER

Bal arilari, bal, ari zehri, ari siitQ, polen, apilarnil, balmumu ve propolis gibi cok degerli Girlinlerin Gretimini
yapar. Bu iriinlerin gida ve geleneksel olarak tedavi amach kullaniminin insanlk tarihi kadar eski oldugu
bilinmektedir. Propolis, arilarin kovanlarinin igcindeki delikleri kapatmak, hava akimini engellemek, kirlenmeye ve
disaridan gelen davetsiz misafirlere karsi koruma saglamak amaciyla Urettigi recinemsi bir maddedir ve antiseptik,
antifungal, antibakteriyel, antiviral, anti-enflamatuar ve antioksidan 6zellikler gibi ¢ok sayida saglik faydalari
vardir. Karmasik yapisindan dolayr ham olarak kullanilamaz, ekstrakte edilerek kullaniimaktadir. Ekstaraksiyon
islemi geleneksel ve modern yontemler olmak uzere bircok farkli yontemle yapilmaktadir. Geleneksel
yontemlerin daha az maliyetli olmasinin yani sira ¢ok fazla kimyasal kullanimi ve islem gerektirmesi, ekstrakt
kalitesinin diisik olmasi ve uzun ekstaksiyon siresi, ¢cevreye verilen zarar gibi dezavantajlari bulunmaktadir.
Geleneksel yontemlere alternatif olarak yenilik¢i ve modern yontemler arastirilmaya devam etmektedir. Bu
yontemlerden biri olan stiperkritik akiskan ekstraksiyonu, ¢6zlcli olarak yliksek basing ve sicaklik altindaki bir
gazin (genellikle karbondioksit) kullanilmasidir. Stperkritik akiskan ekstraksiyonu elde edilen propolis ekstrakti
yuksek saflikta olup daha ustiin 6zelliklere sahiptir. Bu yéntem daha az kimyasal kullanimi ve zararsiz gazlarin
kullanimina imkan verdigi icin diger yontemlere gore daha gevre dostu bir yontemdir. Yiksek maliyet gerektirse
de enddstriyel olarak kullanimi oldukca avantajlidir.

Bal arilarinin sagligi, insan saghigi ve tarimdaki bircok hayati rolii nedeniyle diinya ¢apinda bir endise
haline gelmistir. Bu nedenle, arilarin dogal ortamlarinda maruz kaldiklar kirliligi degerlendirmek zorunludur.
Genelde gidalar, su ve hava yoluyla viicuda alinan iz elementlerdeki eksiklikler ciddi saglik sorunlarina neden olur.
Ote yandan, uzun siire asiri yiiksek seviyelerde tiiketilirse bu elementler toksik olabilir ve olumsuz etkilere neden
olabilir. Dahasi, iz elementler reaktif oksijen tirlerinin (ROS) Uretimini artirarak kansere, dejeneratif hastaliklara
ve merkezi sinir sisteminde hasara da neden olabilir. Bu nedenle, tiiketiciler gidalarin iz element igeriginin
farkinda olmalidir. Ancak, ar Grinleri de dahil olmak Uzere tim gida drinleri henliz kapsamh bir sekilde
arastinlmamistir.

Ari Urdnlerinde bulunan elementler, cevre kirliligi ve cevresel faktérlerin etkisiyle vicuda zarar
verebilecek seviyelere ulasabilir. Cevresel kirleticiler, arilarin ve ari Grinlerinin bilesiminde 6nemli degisikliklere
neden olabilir. Ornegin, atmosferdeki agir metallerin, ari triinlerinde birikmesi insan sagligini tehdit edebilir. Ari
sitl ve polende bulunan yiiksek dizeydeki agir metaller, immiin sistem bozukluklari ve organik hasarlarla
iliskilendirilmistir. Bununla birlikte, propolisin antioksidan etkileri, bazi toksik elementlerin zararli etkilerine karsi
koruyucu olabilir.

Bu calismada, superkritik propolis ekstrakti ile bu ekstraktin ilave edildigi ve edilmedigi protein tozu,
milkshake ve eneriji icecegi 6rneklerindeki bir grup eser elementin icerigi ICP-MS ile degerlendirilmistir. Ana toksik
eser elementlerden olan Pb, Cd, Ni ve Cu gibi iz elementlerin yani sira insanlar igin gerekli oldugu distnilen
ancak glnlik ahm seviyesine bagl olarak toksik hale gelebilen Fe gibi diger elementlerin seviyeleri ile ilgili olarak
yuratilen risk degerlendirme c¢alismalarinin tamamlanmasina katkida bulunabilecek verilerin saglanmasi
amaclanmistir. Temel amag, bunlarin besin degerini ve 6zellikle propolisin gida katki maddesi olarak giivenligini
degerlendirmektir. Ayrica, gida endistrisinde propolisin potansiyel faydalari ve olasi toksik etkileri hakkinda daha
fazla bilgi edinilmesi gereklidir. Ari Grinlerinin icerdigi mikrobesinler ve besin degerleri, saglik Gzerindeki
potansiyel etkiler agisindan dikkatlice incelenmelidir. Bu tiir arastirmalar, ari triinlerinin glivenli ve etkin kullanimi
hakkinda daha derin bir anlayis saglayabilir. Ari Girlinlerinin, 6zellikle propolisin, potansiyel saglk yararlari, toksik
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olmayan ve giivenli tiketim icin dikkatle degerlendirilmelidir. Ayrica, cevresel kirliligin ari tGrtnlerine etkisi ve bu
Urlnlerdeki kirleticilerin, arilarin saghgina ve dolayisiyla insanlarin sagligina olan olasi etkileri, strdurilebilir
aricihk icin kritik 6neme sahiptir.

Arastirmacilarin Katki Orani Beyan Ozeti: Yazarlar makaleye esit oranda katki saglamis olduklarini beyan ederler.

&: Bu calisma “Yiiksek Basin¢ch Homojenizatérde Uretilen Siiper Kritik Akiskan Propolis Ekstraktinin Katma Degeri
Arttinlmis Uriin Gelistirilmesinde Kullanimi” isimli Doktora tez calismasina ait bir kisim veriler kullanilarak
Ozetlenmistir.
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ABSTRACT

In raisin cultivation, seeded (cvs. Gok Uziim and Eksi Kara), parthenocarpic (cv. Black Corinth), and
stenospermocarpic (cvs. Black Kishmish and Sultani Cekirdeksiz) grape varieties are used. Very little is known
about the metabolic properties of raisins derived from these cultivars. According to the existing literature, certain
metabolites including flavonoids and phenolic acids were studied in different raisin varieties. In this study,
anthocyanidin, flavonol, flavone, flavanone, catechin, hydroxycinnamic acid, and hydroxybenzoic acid contents
of 5 different grape cultivars were examined. As a result of the study, it was determined that phenolic acid and
flavonoid contents were found to be significantly different among all varieties. Flavonol, catechin, and
anthocyanin concentrations were higher in the cv. Gék Uziim compared to other cultivars. As a result, when
compared to seedless varieties, raisin varieties with seeds had a higher concentration of flavonoid capacity. In
contrast, higher levels of most phenolic acids were detected in raisins produced from seedless varieties than in
raisins produced from seeded varieties.

Key words: raisins, flavonoids, phenolic acids, stenospermocarpic, seeded, parthenocarpic

Kurutulmus Cekirdeksiz ve Cekirdekli Uziim Cesitlerinin (Vitis vinifera L.) Flavonoid ve Fenolik
Ozellikleri

0z

Kuru Gzim yetistiriciliginde gekirdekli (Gok Uziim ve Eksi Kara), partenokarpik (Black Corinth) ve
stenospermokarpik (Black Kishmish ve Sultani Cekirdeksiz) Gzim gesitleri kullanilmaktadir. Bu Gziim gesitlerinden
elde edilen kuru Gzimlerin metabolik 6zellikleri hakkinda ¢ok az sey bilinmektedir. Mevcut literature gore farkli
kuru iziim gesitlerinde flavonoidler ve fenolik asitler dahil olmak tizere belirli metabolitler Gzerinde ¢alisiimistir.
Bu calismada, 5 farkli Gziim cesidinde antosiyanidin, flavonol, flavon, flavanon, katesin, hidroksisinamik asit ve
hidroksibenzoik asit icerikleri analiz edilmistir. Arastirmanin sonucunda, Fenolik asit ve flavonoid iceriginin tim
gesitler arasinda dénemli dlgiide farklilik olusturdugu saptanmistir. Gok Uziim cesidinin flavonol, katesin ve
antosiyanin konsantrasyonlari diger cesitlere kiyasla daha yiliksek bulunmustur. Sonug olarak, cekirdeksiz
cesitlerle karsilastinldiginda, cekirdekli kuru Gziim cesitleri daha yiksek konsantrasyonda flavonoid kapasiteye
sahip oldugu bulunmustur. Bunun aksine, c¢ekirdekli gesitlerden Uretilen kuru UGzimlere gore, cekirdeksiz
cesitlerde, fenolik asitlerin cogunun daha yiiksek seviyeleri belirlenmisgtir.

Anahtar kelimeler: kuru iziim, flavonoidler, fenolik asitler, stenospermokarpik, cekirdekli, partenokarpi
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INTRODUCTION

In crop plants whose fruit is their commercial product, such as in the case of grape production, the
parthenocarpy characteristic is crucial (Varoquaux et al., 2000). Pollination and fertilization are required for fruit
set to succeed, however, the existence of seeds and their impact on hormone production stimulate fruit growth
and cell expansion (Varoquaux et al., 2000). Cell division terminates due to ovary abscission, which is triggered
by the lack of fertilization and pollination (Dauelsberg et al., 2011). Despite this, fertilization is not necessary for
the ovary to mature, resulting in the appearance of seedless berries (Costantini et al., 2021). In seedless
grapevine types, parthenocarpy and stenospermocarpy phenomena have been described (Pratt, 1971).
Parthenocarpic kinds yield seedless berries, while stenospermocarpic variants complete ovule fertilization. Still,
as the ovule integuments expand before ceasing, the embryo and endosperm abort, leaving tiny, primitive seed
remnants in the ripe berry (Costantini et al., 2021). Parthenocarpic cultivars, such as Black Corinth or Black
Currant, are characterized by small, spherical berries absent of seeds (Vargas, 2007; Royo, 2016; Costantini et al.,
2021). Raisin growers are attracted to parthenocarpic grapevine varieties as they yield small-sized fruits that are
suitable for raisin production while tackling environmental issues with fertilization and pollination (Lahogue et
al., 1998).

In table grape breeding processes, the stenospermocarpic variety Sultanina, which is Thompson Seedless
or called Sultani Cekirdeksiz in Tlrkiye, has been exploited as the main source of seedlessness (Adam et al., 2001;
Ibafiez et al., 2009; Costantini et al., 2021). Berries from stenospermocarpic types have partially developed seeds;
for commercial purposes, they are usually regarded as seedless (Costantini et al., 2021), though applying
hormones to the berries may occasionally boost their size (Pérez & Gémez, 2000). To produce seedless table
grape types, stenospermocarpic grapevine varieties are increasingly widely used (Rahman et al., 2021).

In Tirkiye, grapes are grown for a variety of uses, including table grapes, wine grapes, grape juice,
concentrated must, and other local products including vinegar. Turkiye has surpassed Uzbekistan, Brazil, Egypt,
the United States, and Chile to rank as the world's third-largest producer of fresh table grapes, after China and
India. In Tlrkiye, fresh grape cultivation accounts for most of the grape output, with the remaining third being
dried for raisin manufacturing. Sultani Cekirdeksiz grapes are used to create most raisins in Tirkiye. Other local
grape types, such as cvs. Gok Uziim, Eksi Kara, Black Kishmish, and Black Corinth grapes, are additionally used.
Due to their great nutritional and physiological benefits, as well as their readily digested phenolic compounds
and flavonoids, raisins are a popular dried fruit (Keskin et al., 2022). A comparative study conducted about the
drying process with seeded and seedless cultivars showed that when compared to raisins made from seeded
kinds, seedless varieties showed a higher quantity of several minerals, vitamins, and hormones as well as
antioxidant capability. In contrast, the raisins made from seedless cultivars had lower amounts of most measured
carbohydrates and amino acids than did the varieties of raisins with seeds (Kaya et al., 2022).

However, not much research has been done on how the fertilization of parthenocarpic and
stenospermocarpic types affects the variations in biochemical components. To better understand these
variations, this study examined the phenolic compounds and flavonoids of five raisin varieties: Black Corinth, a
parthenocarpic variety; Sultani Cekirdeksiz and Black Kishmish, two stenospermocarpic varieties; and Eksi Kara
and Gok Uziim, two seeded varieties.

MATERIALS and METHODS

Plant Resources and Research Location

During the 2020 season, the study involved two stenospermocarpy cultivars (Vitis vinifera L. cv; Sultani
Cekirdeksiz; Prime name: Sultanina, Variety number VIVC; 12051 and cv. Black Kishmish; Prime name: Kishmish
Chernyi, Variety number VIVC; 6256); one parthenocarpic cultivar (Vitis vinifera L. cv; Black Corinth); and two
seeded cultivars (Vitis vinifera L. cvs; Eksi Kara, Prime name: Eksi Kara, Variety number VIVC; 3852 and Gék Uziim,
Prime name: Goek Uezuem, Variety number VIVC; 4847). A vineyard established within the Manisa Viticulture
Research Institute in Manisa provided the cvs. Sultani Cekirdeksiz, Black Kishmish, and Black Corinth grapes. On
the other hand, the grapes for cvs. Gok Uziim and Eksi Kara came from a vineyard at Selguk University in Konya.
The vines selected for this experiment ranged in age from 8 to 12 years, and they were placed 2.0 meters apart
within rows and 3.0 meters between rows, yielding a plant density of about 1600 vines. Viticulture procedures
including fertilization, pruning management, vine disease control, and irrigation were applied to both chosen
vineyards. In summary, agricultural pesticides were sprayed while assessing the maximum residual levels and
advised preharvest interval values. Vine pests and diseases were also managed. Based on the results of the soil
analysis, fertilization was applied to the vineyards, and each vineyard's soil underwent four rounds of plowing.
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The Desiccation Procedure

At a comparable technological maturity, the study's grapes were picked when their soluble solids
concentration approached 22 °Brix. For every grapevine type, about 12 kg of fresh grapes were collected at their
optimal maturity; three replications weighing 4 kg each were identified. The grape drying procedure followed
commercial concerns and was comparable to that described by other authors (Keskin et al., 2022). The Manisa
Viticulture Research Institute in Manisa, Tiirkiye, dried the grapes to make sure that every type of raisins was
made using the same method as commercial raisins. Grapes from cvs. Eksi Kara, Black Corinth, and Black Kishmish
were sun-dried without any prior preparations. After being soaked in a potassium carbonate solution, cv. Sultani
Cekirdeksiz grapes were sun-dried. After being immersed in a wood ash solution, cv. Gék Uziim grapes were dried
under shade (Keskin et al., 2022). The trial's grapes were dried until they had a 13—15 % moisture level. Following,
500 g of each kind and replication of raisins were put into polyethylene bags and kept at -20 °C.

Analytical techniques for evaluating the phenolic acids and flavonoids in grape berries

The method devised by Panteli¢ et al. (2017) was slightly modified to determine phenolic acids. The
measurement of polyphenols required the application of sophisticated analytical tools and exact separation
methods. For this purpose, a mass spectrometer (TSQ Quantum Access Max triple-quadrupole with heated
electrospray ionization (HESI) by ThermoFisher Scientific (Basel, Switzerland) was used in conjunction with an
ultra-high performance liquid chromatography (UHPLC) system, specifically the Dionex Ultimate 3000 UHPLC
equipped with a diode array detector (DAD). A ThermoFisher Scientific Syncronis C18 column from Bremen,
Germany was used to accomplish the analytical separation. Two components made up the mobile phase for
gradient elution were 100% acetonitrile and a 0.1% aqueous formic acid solution. A precise gradient pattern was
followed during the elution process, which began at 5% for 2.0 min and increased over the next 10 min (from 2.0
to 12.0 min) from 5% to 95%. Then, in 0.1 minutes (from 12.0 to 12.1 min), there was a quick change from 95%
to 5%, and the mobile phase stayed at 5% for the next three minutes. Every distinct phenolic component was
measured by directly contrasting it with standards that are readily available in the market. The analysis's
conclusions were given as the berry samples' amounts in milligrams per kilogram (mg/kg).

With few adjustments, the flavonoid analysis from berries was conducted using the methodology
described by Brossa et al. (2009). In summary, 10 uL of each painstakingly filtered extract was added to the
Waters Acquity UPLC (Milford, MA, USA) liquid chromatography (LC) equipment. A C18 column (3.5 um; 100 x
2.1 Waters, Milford, MA, USA) operating at a steady temperature of 42 °C and a flow rate of 0.3 mL/min was
used for the chromatographic separation. The Electrospray lonization (ESI) mode was used for flavonoid
detection and quantification. Anthocyanins were detected using positive ionization (UPLC-(ESI+)-MS/MS), while
all other flavonoids were detected using negative ionization (UPLC-(ESI-)-MS/MS). A range of 100 to 900 atomic
mass units per charge (amu/z) was used to record the spectra. Furthermore, flavonols were detected at 365 nm
and 520 nm, respectively, in the UV/visible spectrum.

Statistical Analysis

The statistical package included with R Studio was used for all the descriptive analyses in this study. An
extensive analysis of variance (ANOVA) was conducted, once more utilizing the capabilities of the statistical
package within R Studio, to thoroughly evaluate the impact of the cultivar (five levels) on the levels of phenolic
acids and flavonoids. Effects were included in the statistical model, and the data were then checked for
compliance with normality assumptions. Two separate models were painstakingly built to assess the main
influences of cultivars on the levels of flavonoids and phenolic acids. When an ANOVA revealed statistical
significance, post hoc analysis was carried out with Tukey's test, which is a well-used and accepted technique for
the thorough investigation of differences between several groups. Principal Component Analyses (PCAs) were
used to provide further understanding and depict the correlations between different variables. This analysis
method was performed for flavonoids and phenolic acids using ggplot2 in R Studio. By using PCA,
multidimensional data can be reduced to a more understandable format, making it possible to find underlying
patterns and trends in even the most complicated datasets. The heatmap produced by the pheatmap package
made it easier to visually investigate any correlations and variations (R Core, 2013).

FINDINGS and DISCUSSION

The content of flavonoids and phenolic acids in the cvs. Black Corinth, Eksi Kara, Sultani Cekirdeksiz, Gok
Uziim, and Black Kishmish for the season 2020 were evaluated. The content of anthocyanidins in raisin grapes
was aligned from 16.67 mg/kg in cv. Gok Uziim to 4.66 mg/kg in cv. Sultani Cekirdeksiz. The most flavonols
content was in cv. Black Kishmish (312.00 mg/kg) while the least flavonols content was in cv. Sultani Cekirdeksiz
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(225.00 mg/kg). Flavone content varied from 147.00 to 19.70 mg/kg (cvs. Black Kishmish and Eksi Kara,
respectively). Flavanones content aligned from 75.00 mg/kg in cv. Black Corinth to 21.80 mg/kg in cv. Eksi Kara.
Catechins content varied from 2321.00 to 98.00 mg/kg (cvs. Gdk Uziim and Black Kishmish, respectively).
Hydroxycinnamic acids content varied from 6.22 mg/kg in cv. Black Kishmish to 1.25 mg/kg cv. Eksi Kara.
Hydroxybenzoic acid content aligned from 4.30 mg/kg in cv. Black Corinth to 0.67 mg/kg in cv. Eksi Kara (Table
1). Regarding cultivars, Dim1 and Dim2 mention 79.0% and 15.6% of the variance, respectively. Two seeded
cultivars (Eksi Kara and Gok Uziim) are close to each other and on the positive axis of Dim1 while three seedless
ones (Black Corinth, Sultani Cekirdeksiz, and Black Kishmish) were located at the axis side of Dim1, were
illustrated. The latter leans at the positive axis of Dim2 while the third one is at the negative axis of Dim2 (Figure
1A). For phenolic acids, Dim1l and Dim2 states for 87.4% and 12.6% of the variance, respectively.
Hydroxycinnamic acids and Hydroxybenzoic acids, the two dominant phenolic acids, were illustrated. The latter
leans at the positive side of Dim2 while the former is at the positive side of Dim1 (Figure 1B). For flavonoids,
Dim1 expresses 76.8% of the variance while Dim2 states 21.6% of the variance. Flavonoids like anthocyanidin
and catechins are located on the positive side of Dim1 while flavonoids and Flavonols are located on the negative
side of Dim1 (Figure 1C). Figure 1D shows the hierarchically clustered heatmap in different kinds of grape berry
components by cultivars. The heatmap demonstrates the relative content of phytochemicals which are phenolic
acids and flavonoids. They are clustered at the bottom of the heatmap. The differences and similarities in the
components of phenolic acids and flavonoids resulted from the distancing clusters. At the bottom of the
heatmap, anthocyanidins, flavonols, flavones, and flavanones had one group while anthocyanidins,
hydroxycinnamic acids, and hydroxybenzoic acids had another group. Two different groups were conducted
among genotypes, which is one group is cvs. Gk Uziim and Eksi Kara, and the other group cvs. Black Corinth,
Sultani Cekirdeksiz, and Black Kishmish suggested similar phytochemical compositions because of exhibited their
close clusters (Figure 1D).

Table 1. Flavonoids (mg/kg) and Phenolic acids (mg/kg) Eksi Kara, Gék Uziim, Black Corinth, Sultani Cekirdeksiz
and Black Kishmish in 2020 season.

Eksi Kara Gok Uziim Black Corinth Sultani Black Kishmish  p-values  Signifi
Cekirdeksiz cance

Flavonoids
(mg/kg)
Anthocyanidins 13.29+0.55b 16.67+0.63a 6.4410.07c 4.66+0.03c 6.7410.10c 2.1e-08 rk
Flavonols 234.00+6.55c¢ 305.00+5.30a 276.00+4.50b 225.00+5.70c 312.00+6.32a 1.18e-06  ***
Flavones 19.70+3.50c 22.4014.20c 123.0045.40b 144.70+5.32a 147.00+4.60a 1.29e-10  ***
Flavanones 21.80+2.30c 25.00+2.45¢ 75.00+3.65a 60.7043.55b 69.70+3.33ab 2.54e-08  ***
Catechins 1893.00+15.60b 2321.00+13.55a  127.00+8.32c 107.0043.50c 98.00+3.30ac <2e-16 *xk
Phenolic acids
(mg/kg)
Hydroxycinnamic ~ 1.25+0.25c 1.54+0.30c 4.63+0.21b 5.63+0.34a 6.22+0.54a 1.23e-08  ***
acids
Hydroxybenzoic 0.67+0.08d 0.82+0.09d 4.30+0.02a 3.2940.08 b 2.30+0.07 ¢ 1.83e-10  ***
acids

* Data are stated as averages of the data and their standard deviations. Different letters within a row indicate significant
differences (Tukey test, ***, Significant at p-value < 0.001).

The phenolic acids and flavonoids of grapes from the cvs. Eksi Kara, Gék Uziim, Black Corinth, Sultani
Cekirdeksiz, and Black Kishmish varieties are thoroughly analyzed in this study. The analysis of different
flavonoids and phenolic acids provides insight into the complex interactions between cultivar types (Table 1). We
discussed how our results aligned and differed from earlier studies to critically analyze our findings and
determine their importance and consequences. The current study's most notable conclusion is that the cultivar
has a significant impact on the amount of these flavonoid components. This observation is consistent with earlier
studies on the subject. For instance, research conducted by Ali et al. (2011) and by Roxana et al. (2020) examined
the phytochemical profiles of various grape cultivars and discovered that notable differences in flavonoids were
present among the kinds. This is in line with the results of the current study, which showed that cultivar variations
in flavonoids and phenolic acids were significantly different. These variances are a result of a variety of factors,

168



Turk Tarim ve Doga Bilimleri Dergisi 12(1): 165-172, 2025

including genetic diversity, environmental conditions, and the activation of particular metabolic pathways within
distinct grapevine kinds.
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Figure 1. PCAs biplots are colored by Cultivars including Phenolic acids and flavonoids (Figure 1A). All Phenolic
acids (Figure 1B) and Flavonoids (Figure 1C) content are demonstrated. Performed a heatmap analysis that
scrutinizes the components of Phenolic acids and Flavonoids are illustrated (Figure 1D).

Numerous research in the field have focused on the intricate interactions between these variables. The
reported variations in grape flavonoids are also influenced by environmental factors, including soil composition,
climate, and vineyard management techniques. The impact of climate on the production of flavonoids is
highlighted in the study by Harb et al. (2015), which also emphasizes how different grape types respond to
environmental conditions differently, resulting in variations in compound levels. This emphasizes how crucial it
is to consider the grape-growing environment when figuring out these chemicals' makeup. On the other hand,
the flavonoid and phenolic acid profiles of different grapevine species are greatly influenced by genetic variation.
Distinct genetic traits among cultivars influence the production and accumulation of different flavonoid and
phenolic acid molecules. This is consistent with the findings of He et al. (2010) and Jeandet et al. (2012), who
highlighted the genetic foundations of these variances by reporting considerable variability in flavonoids and
phenolic acids among various grape varieties. The current study's most notable discovery is the cultivar's
significant influence on the amount of these flavonoids and phenolic acid components. This observation is
consistent with earlier studies on the subject. According to studies conducted by Yang et al. (2009) and Katalinic¢
et al. (2010), for instance, diverse grape cultivars showed notable differences in their flavonoid profiles when
their profiles were examined. This agrees with the results of the current investigation, which showed that there
are substantial variations in phenolic acids and flavonoids amongst the current cultivars. These variances are a
result of a variety of factors, including genetic diversity, environmental conditions, and the activation of
metabolic pathways within distinct grapevine kinds. The current study shows substantial differences in
anthocyanidin content between the grape types when cultivar differences are considered. Cv. Gék Uziim
regularly shows a greater level of anthocyanins (16.67 mg/kg), flavonols (305.00 mg/kg), and catechins (2321.00
mg/kg) (Table 1) without considering their age and ecologies. This result is consistent with earlier studies. For
instance, Costa et al. (2014) found that there are differences in the anthocyanin concentration of grape cultivars,
with some having a higher anthocyanin content than others. Given that different grape types have distinct
pathways for the manufacture of anthocyanins, the observed variances can be explained by genetic variables.
These results highlight how crucial it is to take cultivar selection into account when trying to increase the amount
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of a particular flavonoid in grape products. The present study employed sophisticated multivariate analytical
techniques, including PCA biplots and hierarchical clustering heatmaps, to effectively visualize the complex
relationships and distribution of flavonoids and phenolic acid components among various grape cultivars. A
thorough understanding of the interrelationships between the different flavonoid and phenolic acid components
in the dataset was offered by the PCA biplots. According to the PCA biplots, several chemicals have a substantial
association with the principal components in this study, which indicates how important these compounds are for
describing the flavonoid and phenolic acid composition of grapes (Figure 1A, B). This implies that these
substances have a major role in the observed variations and parallels among grape samples. Conversely,
heatmaps including hierarchical clustering provided an extra level of information about the data (Figure 1C).
Heatmaps were used to visually arrange similar samples based on components of phenolic acids and flavonoids
and find clusters of samples with similar makeup. In the end, this technique helped identify patterns and trends
in the dataset, leading to a better comprehension of the connections between the cultivars, or parts of berries.
Pietrafesa et al. (2023) underlined the significance of PCA and hierarchical clustering heatmaps in their study of
multivariate analysis of flavonoid data in plant sciences, supporting its use in examining complex datasets. Their
study emphasizes how useful these methods are for clarifying links and patterns in intricate biological
information.

CONCLUSION

This extensive study carefully monitored the changes in flavonoids and phenolic acids in the grape
cultivars Black Kishmish, Black Corinth, Black Corinth, Sultani Cekirdeksiz, and Eksi Kara. Numerous phenolic acid
and flavonoid molecules were analyzed, which helped to clarify the complex chemistry involved in grape
development. The study found that the phenolic acid and flavonoid content of all grape varietals changed
significantly, with notable variations observed in the components of catechins, flavones, flavanones,
anthocyanidins, flavonols, hydroxycinnamic acid, and hydroxybenzoic acid. The grape cultivar has an impact on
these substances, which are well-known for their contributions to grape color, quality, possible health
advantages, and nutritional value. Cv. Gk Uziim continuously showed larger levels of anthocyanins, flavonols,
and catechins, highlighting the cultivar's significance. This study essentially highlighted the complex interactions
between grape cultivar selection, flavonoid composition, and phenolic acid content. Although the ecological
conditions and ages of the varieties were not taken into account in this study, in future studies, both the ages of
the varieties and their similar ecology will yield more distinct results for comparison. To maximize grape-based
products and deepen their understanding of grape phytochemistry, researchers, winemakers, and grape
producers can greatly benefit from these results, which will further the continuous progress of the agricultural
and viticultural sectors.
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Bursa ili Kestel ilcesi Seymen yoéresindeki enginar arazilerinin verimlilik durumlarinin belirlenmesi
amagclanmistir. 20 bahgeden iki farkl derinlikten (0-30 cm ve 30-60 cm) toplam 40 toprak 6rnegi alinarak
analizleri yapilmistir. Calisma sonucunda enginar bahgelerinin genel olarak orta tekstiirde ve toprak
reaksiyonlarinin ¢ogunlukla nétr oldugu belirlenmistir. Topraklarin tuzsuz oldugu belirlenirken, %65'inin az
kiregli, %30'unun ise orta kiregli oldugu belirlenmistir. Topraklarin organik madde kapsamlari orta diizeydedir.
Toplam azot (N) her iki derinlikte de yeterli olup, fosforun (P) %75'i birinci derinlikte, tamami ise 30-60 cm
derinlikte yeterli bulunmustur. Potasyum (K) ¢ogunlukla eksik ve diisik belirlenmistir. Kalsiyum (Ca) her iki
derinlikte de topraklarin ¢ogunda disiik bulunmustur. Topraklarin magnezyum (Mg) kapsamlari iyi olup,
sodyumlu degildir. Toprak 6rneklerinin mikro besin igerikleri degerlendirilmis; demir (Fe) ve bakir (Cu)
bakimindan yeterli, ¢inko (Zn) bakimindan eksiklik veya yetersizlik gésterilebilir. Manganez (Mn) bakimindan
yeterli oldugu belirlenmistir. Calisma sonucunda; organik giibre kullaniminin yetersiz oldugu, incelenen
topraklarda K, Ca ve Zn igeriklerinin diisik oldugu belirlenmistir. Tarimin mevcut yaklasimla devam etmesi
halinde bolgedeki bitkilerde beslenme sorunlari yasanacagi ve verim duslslerinin  yasanabilecegi
degerlendirilmektedir.

Anahtar kelimeler: enginar, bitki besin maddesi, toprak, yetistiricilik, verimlilik, bitki besin elementi

The Fertility Status of Artichokes (Cynara scolymus L.) Grown in Bursa Province, Kestel
District, Seymen Region

ABSTRACT

It was aimed to determine the fertility status of artichoke lands in Seymen region of Kestel district of
Bursa province. The 40 soil samples were taken from 20 gardens from two different depths (0—-30 cm and 30—
60 cm) and analyzed. As a result of the study, it was determined that the artichoke gardens were generally in
medium texture and the soil reactions were mostly neutral. While it was determined that the soils were salt-
free, 65% were determined to be low calcareous and 30% were medium calcareous. The organic matter
content of the soils were moderate. Total nitrogen (N) was sufficient at both depths, and 75% of phosphorus
(P) was sufficient at the first depth and all of it was sufficient at the depth of 30-60 cm. The potassium (K) was
determined mostly deficient and low. The calcium (Ca) was low in most of the soils at both depths. The
magnesium (Mg) content of soils was good and they were not sodic. Micronutrient contents of soil samples
were evaluated; sufficient in iron (Fe) and copper (Cu), deficiency or deficiency in zinc (Zn) can be shown. It was
determined that manganese (Mn) was sufficient. As a result of the study; It was determined that the use of
organic fertilizers was insufficient and the K, Ca and Zn contents were low in the examined soils. It is evaluated
that if agriculture continues with the current approach, nutritional problems will occur in the plants in the
region and yield decreases may occur.

Key words: artichoke, plant nutrients, soil, cultivation, productivity
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GiRiS

Bursa Ovasi ve cevresinde zonal, azonal ve intrazonal olmak lizere li¢c ana toprak grubuna ait toprak tipleri
yayilis gostermektedir (Anonim, 1993; Ertlirk, 2008). Calisma sahasinda zonal topraklar grubundan; kiregsiz
kahverengi orman topraklari ve kahverengi orman topraklari yayilis gosterir. Ayrica azonal toprak grubundan;
Bursa Ovasl ve gevresinin en verimli tarim alanlarina karsilik gelen altvyal topraklar yayillmaktadir (Anonim,
1993; Ertiirk, 2008) (Sekil 1). Bursa ili tarim topraklarinin %17’sini olusturan aliivyal topraklar yorede yogun
tarim yapilan araziler oldugundan biiyik 6nem tasimaktadir (Turan ve ark., 2010). Bu topraklar, yiksek sahadan
biriktirdikleri malzemeyle al¢ak sahaya inen akarsularin egimin azalmasi sebebiyle yiklerinden kurtulmalari ve
getirdikleri malzemelerin birikmesiyle meydana gelirler (Ertlirk, 2008). Devamli veya periyodik olarak taskin ve
birikmeye ugrayan bu topraklarda horizonlasma olmamaktadir (Ertirk, 2008). Enginar (Cynara scolymus L.)
Asteraceae familyasinda yer alan ekonomik 6neme sahip énemli bir bitkidir (De Falco ve ark., 2015). Akdeniz
orjinli bir tir olup, bu havzada yer alan tim lkelerde yabani formlarinin bulundugu bilinmektedir (Duman ve
Nas., 2020). Enginar, otsu yapili, ¢ok yillik bir bitkidir. “Kapitula” adi verilen etli yaprakli ve hazneli
olgunlasmamis gicek salkimlari bitkinin yenilebilir kismini olusturmaktadir (Fratianni ve ark. 2007; Lattanzio ve
ark., 2009). Enginar baslarinin ve yapraklarinin besinsel ve farmakolojik Ozellikleri esas olarak yuksek
konsantrasyonda bulunan kafeoilkinik asit bilesiklerine ve iniline atfedilmektedir (Kiligtas ve ark., 2020). Duslik
lipit seviyesine ek olarak, mineral ve vitaminler bitkinin besin icerigini olusturur (Rejeb ve ark., 2020). Biyoaktif
bilesikler agisindan zengindir (Gaafar ve ark., 2013). Yiiksek konsantrasyonda indlinin yani sira C vitamini,
fenolik asitler, flavonoidler ve antosiyanin gibi 6nemli sayida dogal antioksidan icerir (Petropoulos ve ark.,
2022). Enginar, karaciger hastaliklari, sarilik, hazimsizlik, kronik albuminuri, postoperatif anemi, ditretik gibi
gesitli hastaliklara karsi halk hekimliginde kullaniimaktadir (De Falco ve ark., 2015). insan saghgl agisindan
yararli olmasi nedeniyle ila¢ sanayiinde de yaygin bir sekilde kullanilmaktadir (Bektas ve Saner., 2013). italya,
yaklasik 38 000 hektar ekili alan ve kabaca 376 000 ton Uretim ile diinyanin en biylk enginar Ureticisidir. Onu
ikinci sirada Misir 17 141 hektar alanda 315 000 ton ve {iciincii sirada Ispanya 14 800 hektar alanda 214 000
tonla takip etmektedir (Alicandri ve ark., 2023). Tiirkiye'nin diinya Gretimi icindeki payi % 2,73’tlr ve bu oran ile
dinyada 8. sirada bulunmaktadir (FAO, 2023). Tirkiye'nin geleneksel enginar Uretim alani 2010-2021
déneminde %11.60 oraninda artmistir (TUIK, 2023). Tiirkiye’de 2021 yilinda 28 187 dekar alanda 40 114 ton,
2022 yilinda ise 28 699 dekar alanda 40 815 ton enginar iretimi yapiimistir. Ulkemizde yapilan iretimde izmir,
Bursa, Aydin, Sakarya, Antalya ve Bolu en fazla uretim yapilan iller olarak goze carpmaktadir. Bu alti ilimizin
payl, 2022 yilinda Tiirkiye’deki toplam Gretimin % 87 olusturmaktadir (TUIK, 2023). Ulkemizin en dnemli enginar
Ureticileri arasinda Bursa lglnci sirada 5 845 dekar alanda ortalama 7 457 ton driin elde etmektedir. Bursa
ilinin enginar yetistiriciliginde ilcelerin payi incelendiginde Nilifer, Mustafakemalpasa, Mudanya, Yenisehir ve
Kestel 6n planda oldugu goérilmektedir. Arastirmanin yuritildigi Kestel'in Seymen mahallesi bu Gretime
biyik katkida bulunmaktadir (TUIK, 2023). Ulkemiz enginar yetistiriciliginde en ¢ok talep géren cesitler Sakiz ve
Bayrampasa’dir (Keskin ve Namal., 2019). Enginar yetistiriciligi icin minimum sicaklik 7-9 °C arasinda degisirken -
10 °C'nin altinda da bitki 6lir. Enginar ayni zamanda yiksek sicakliklara (>30°C) toleranshdir, ancak bu
sicakhklar yenilebilir baslarin kalitesini diisirme egilimindedir.

Bu galismanin hedefi; Bursa ili, Kestel ilgesi, Seymen mahallesinde enginar yetistirilen bahgelerden temin edilen
toprak o6rneklerinde baz fiziksel, kimyasal analizler yapmaktir. Analiz sonuglarina goére topraklarin durumunun
belirlenmesi ve tarimsal kullaniminda sirdarilebilirligi saglayacak giincel verilerin Gretilmesi amaglanmustir.

MATERYAL ve METOT
Materyal

Arastirma materyalini, Bursa ili, Kestel ilgesi, Seymen mahallesi ve cevresinden, yoreyi temsil edecek
nitelikte secilmis, 20 adet enginar bahgesinden alinan toprak érnekleri olusturmaktadir. Ornekleme amaciyla; O-
30 cm ve 30-60 cm derinlikten olmak (izere toplam 40 adet toprak 6rnegi usuliine uygun olarak (Kacar, 2009)
alinmis ve analize hazir hale getirilmistir. Arastirmada topraklarin érneklerin alindigi yerleri gésteren harita Sekil
2’de, 6rnekleme yapilan mevkii ve koordinat bilgileri Cizelge 2’de verilmistir.
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Sekil 2. Symen yoresinde toprak érneklerinin alindig1 enginar bahgelerinin konumlari

Yontem
Toprak Analiz Yontemleri

Enginar bahgelerinden toprak érnekleri 0-30 cm ve 30-60 cm derinlikten, vejetatif gelismenin duragan
oldugu donemde, Kasim ayinda alinarak en kisa siirede laboratuvara getirilmistir. Kapali ve temiz bir depoda,
havada kurutulan topraklar, tahta tokmakla doévillerek 2 mm’lik elekten elenmis ve analize hazir hale
getirilmistir (Chapman ve Pratt., 1961). Kum, silt ve kil oranlari Bouyoucos (1951) tarafinda bildirilen hidrometre
yontemi ile belirlenmistir. Elde edilen verilere gore tekstlr siniflari, Soil Survey Staff (1951)’e gore tekstilr
Gggeni kullanilarak belirlenmistir. Toprak orneklerinin pH degerleri saf su ile 1:2,5 (toprak:saf su) oraninda
sulandiriimis ve Orion 720A model pH/iyonmetresi ile belirlenmistir (Richards, 1954). Elektriksel iletkenlik (EC)
degeri toprak-su 1:2,5 hacim sispansiyonunda WTW LF92 model EC-metre ile belirlenmistir (Richards, 1954).
Kireg, Nelson (1982) tarafindan bildirildigi sekliyle Scheibler kalsimetresi ile belirlenmistir. Organik madde
Nelson ve Sommers (1982) gére Walkley-Black yas yakma yonteminin modifiye edilmesi ile belirlenmistir.
Toprak numunesinin toplam azot igerigi Kjeldahl yontemiyle belirlenmistir (Nelson ve Sommers, 1982).
Alinabilir fosfor Watanabe ve Olsen (1965)’e gore toprak numunesinin bitkiye yarayish fosfor igerigi 0,5 M
sodyum bikarbonat (pH 8,5) ile ekstrakte edilmesi sonucu elde edilen slziikte askorbik asit yontemiyle
belirlenmistir. Degisebilir katyonlar (K, Ca, Mg ve Na); toprak érneklerinin 1 N amonyum asetat (pH 7.0) ¢6zeltisi
ile ekstrakte edilmesiyle elde edilen stzlikte degisebilir sodyum (Na), potasyum (K) ve kalsiyum (Ca) Eppendorf
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Elex 6361 alev fotometresi ile, magnezyum (Mg) ise Perkin Elmer Optima 2100DV model ICP OES ile
belirlenmistir (Thomas, 1982). Alinabilir (Fe, Mn, Cu ve Zn); toprak numunesinin 1:2 (w/v) oraninda DTPA
¢Ozeltisi ile ekstrakte edilerek ginko, demir, mangan ve bakir miktarlari Perkin ElImer OPTIMA 2100DV model
ICP’de belirlenmistir (Jones, 2001). Elde edilen sonuglar Cizelge 1’de sunulan sinir degerler ile karsilastiriimis ve
topraklarin bazi verimlilik parametreleri hakkinda degerlendirmeler yapilmistir. Jump istatistik programi ile
toprak ozelliklerinin aralarindaki korelasyonlar analiz edilmistir.

Cizelge 1. Toprak analizi sinir degerleri

Birim Ozellik Yeterlilik sinifi Kaynak
pH Orta asit  Hafif asit Notr Hafif alkali Kuvvetli alkali Richards (1954)
4.5-5.5 5.5-6.5 6.5-7.5 7.5-8.5 >8.5
dSm? EC Tuzsuz  Hafif tuzlu Orta tuzlu Cok fazla tuzlu Richards (1954)
0-4 4-8 8-15 >15
CaCOs; Kiregsiz Az kiregli Orta kiregli ~ Kiregli Asiri Anonim (1988)
<1 1-5 5-15 15-25 >25
% Organik Cok az Az Orta iyi Yiksek Anonim (1988)
madde <1 1-2 2-3 3-4 >4
N Cok az Az Yeterli Fazla Cok fazla Anonim (1988)
<0.045 0.045-0.09 0.09-0.17 0.17-0.32 >0.32
mg kg P Cok az Az Orta yi Yiiksek Anonim (1990)
<25 2.5-8.0 8.0-25 25-80 >80
K Cok az Az Yeterli Fazla Cok fazla Anonim (1990)
<0,13 0,13-0,28 0,28-0,74 0,74-2,56 >2,56
Ca Cok az Az Yeterli Fazla Cok fazla Anonim (1990)
cmol kgt <1,19 1,19-5,75 5,75-17,50 17,50-50 >50
Mg Gok az Az Yeterli Fazla GCokfazla  Anonim (1990)
<0,42 0,42-1,33 1,33-4,00 4,00-12,50 >12,50
Na Yetersiz Yeterli Jackson(1962)
<0,2 >0,2
Fe Noksan Kritik Yeterli Lindsay ve Norvell (1978)
<2.5 2.5-4.5 >4.5
mg kg Zn Noksan Kritik Yeterli Lindsay ve Norvell (1978)
>0.5 0.5-1 >1
Cu Yetersiz Yeterli Lindsay ve Norvell (1978)
<0.2 >0.2
Mn  Yetersiz Yeterli Lindsay ve Norvell (1978)
<1 >1

BULGULAR ve TARTISMA

Topraklarin Fiziksel ve Kimyasal Ozellikleri

Kestel ilgesi, Seymen mahallesi enginar bahcelerinden 0-30 ve 30-60 cm derinliklerden alinan toprak
orneklerine ait pH sonuglarn Cizelge 2’de gosterilmistir. Birinci derinlikteki toprak érneklerinin % 25’i hafif alkali,
% 75’i notr reaksiyonda olduklari belirlenmistir. ikinci derinlikte toprak drneklerinin % 15’i hafif alkali, % 85'i
notr reaksiyonda olduklari belirlenmistir (Sekil 3). Turan ve ark. (2010), Bursa ili allvyal tarim topraklarinin
pH’larinin ortalama 7.71 oldugunu, bu sonuglara gore, topraklarin % 86.67’si hafif alkali ve %13.33'n{in de notr
reaksiyona sahip olduklarini bildirmislerdir. Ciancolini (2012), enginarin 6.4-7.0 pH reaksiyonda optimum
gelisme gosterdigini bildirilmistir. Topraklarin pH degerleri ile alinabilir Fe (r: -0.048*) ve Mn (r<0.001**)
icerikleri arasinda 6nemli negatif iliski belirlenmistir. Ayni sonucu Turan ve ark. (2010)’da rapor etmistir. Toprak
pH’sinin yiiksek olmasi demir ve mangan gibi elementlerin yarayisliligini azaltir (Kacar ve ark., 2006).
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Cizelge 2. Toprak orneklerinin bazi fiziksel ve kimyasal 6zellikleri

1:2.5 (toprak : su)

Konsantrasyon (%)

Bahcelerin konumlari pH EC(dSm™) Organik madde CaCOs
No Enlem Boylam Mevkii 1 2 1 2 1 2 1 2
1 40°13’15”K 29°24’36”D Sirtoglu 7,30 7,10 665 577 229 1,75 4,90 5,88
2 40°13'17”K 29°24’43”D Sirtoglu 6,95 7,31 886 758 297 263 19 1,63
3 40°13'19”K 29°24’52”D Sirtoglu 6,95 6,96 440 322 352 2,09 163 1,47
4 40°13'24”K 29°24’44”D Sirtoglu 7,52 7,05 516 463 250 2,29 490 4,90
5 40°13'26”K 29°24’50”D Sirtoglu 7,57 7,40 555 455 3,86 1,48 3,75 4,08
6 40°13'14”K 29°24’21”D Karanlikdere 6,95 7,28 764 630 3,18 229 3,92 3,43
7 40°13'42”K 29°25'02”D Sirtoglu 6,97 6,50 571 432 2,22 18 163 1,63
8 40°13'37”K 29°25’'04”D  Sirtoglu 7,62 7,65 610 506 324 2,84 229 2,45
9 40°13'28”K 29°25'03”"D Sirtoglu 7,38 7,30 605 584 3,04 243 245 2,12
10 40°13'26”K 29°25'06'D  Sirtoglu 7,06 6,88 516 372 256 195 163 1,63
11 40°13’25”K 29°25’°05”D Sirtoglu 7,35 7,50 657 542 2,50 2,29 229 245
12 40°13’20”K 29°25’'07”’D Karanlikdere 7,40 7,45 717 639 2,70 2,43 6,20 6,69
13 40°13’29”K 29°25’11”D Sirtoglu 7,45 7,56 757 582 290 2,50 9,14 10,45
14 40°13’'28”K 29°25'21”D Sirtoglu 7,60 7,58 547 427 2,29 222 539 6,69
15 40°13’45”K 29°25’16”D Kegiagih 7,22 7,25 449 468 324 290 6,20 4,90
16 40°13’'54”K 29°25’20”D Kegciagih 7,53 7,21 597 506 1,68 2,56 522 5,06
17 40°13’54”K 29°24’58”D Baglar 7,16 7,40 574 397 2,70 2,02 163 1,63
18 40°14’05”K 29°25'39”D Sirtoglu 6,95 7,14 603 425 358 229 147 1,63
19 40°14’11”K 29°25’'08”D Buyikgol 7,30 7,20 594 447 2,36 1,95 17,96 18,45
20 40°13'15”K 29°24’34”D Bulyukgol 7,35 7,42 706 581 256 195 6,69 6,53
En disuk 6,95 6,50 0,44 0,32 1,68 1,48 1,47 1,47
En yliksek 7,62 7,65 0,89 0,76 3,86 3,79 17,96 18,45
Ortalama 7,28 7,26 0,62 0,51 2,82 2,39 4,56 4,69

Topraklarin eriyebilir tuz degerleri 0-30 ve 30-60 cm derinliklerde alinan toprak orneklerine ait elektriksel
iletkenlik (EC) sonuglari Cizelge 2’de gésterilmistir. EC icerikleri birinci derinlikte ortalama EC 0.61 dS m, ikinci
derinlikte ortalama 0.50 EC dS m™ oldugu belirlenmistir. Analiz sonuclarinin degerlendirmesi Richards (1954)
tarafindan bildirilen sinir degerlerine gore yapilmistir (Cizelge 1). Toprak 6rneklerinin analiz sonucuna gore
birinci ve ikinci derinlikte de tuzluluk sorunu olmadigi belirlenmistir (Sekil 3). Topraklarin EC degerleri ile
degisebilir Na (r: 0.012*) ve Mg (r:0.005*) icerikleri arasinda 6nemli pozitif iliski belirlenmistir. Enginar
yetistiriciliginde EC’nin 2.7 dS m™* degerini asmamasi gerektigi bildirilmistir (Graifenberg ve ark., 1993). Turan ve
ark. (2010), Bursa ili altivyal tarim topraklarin EC degerini ortalama 0.29 dS m™ belirledigini, tarimsal tretimde
tuzluluk yoniinden herhangi bir sorunun bulunmadigini bildirmislerdir.

pH 0-30 cm pH 30-60 cm EC, 0-30cm EC30-60 cm
% 100 % 100
Tuzsuz Tuzsuz

Sekil 3.Topraklarin reaksiyon ve tuzluluk dagilimi.

incelenen topraklarin 0-30 ve 30-60 cm derinliklerden alinan érneklerine ait organik madde sonuglari
Cizelge 2'de gosterilmistir. Topraklarin organik madde igerikleri; birinci derinlikte ortalama % 2.80, ikinci
derinlikte ise ortalama %2.28 oldugu belirlenmistir. Birinci derinlikteki toprak érneklerinin % 5’i az, % 60’1 orta
ve % 35'i iyi diizeyde oldugu goriilmektedir. ikinci derinlikteki toprak &rneklerinin organik madde igeriklerinin
%30’unda az ve % 70’inde orta seviyede oldugu belirlenmistir (Sekil 4). Birinci derinlikteki organik madde
miktarinin, ikinci derinlikteki madde miktarindan fazla oldugu gorilmektedir. Bursa ili topraklarinin %
98.53’linde az organik madde igerdigi bildirilmistir (Guleg ve ark., 2018). Bursa’da aliivyal tarim topraklarinin %
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53’linde organik madde yoninden fakir oldugu bildirilmistir (Turan ve ark., 2010). Timsavas ve Celik (2005),
Bursa’da kiregsiz kahverengi bliylik toprak grubu topraklarinin %76’sinda organik maddenin yetersiz oldugu
ayrica Tumsavas ve Aksoy (2009) ise Bursa’da kahverengi blyilik toprak grubu topraklarinin % 60.7’sinde
organik maddenin yetersiz oldugunu bildirilmislerdir. Gurel ve Biyikli (2023), enginar tarimi yapilan Bursa,
Hasanaga yoresinde yaptiklari calismada; 0-30 cm derinlikte topraklarin yarisinin az miktarda, diger yarisinin ise
orta seviyede organik madde igerdigini belirlemislerdir. Parlak ve ark. (2008) tarafindan yapilan bir ¢alismada
allivyal tarim topraklarinin organik madde yoniinden fakir oldugu ve topraklara organik madde ilavesi
gerektigini bildirmislerdir. Riahi et al. (2017), enginar gibi 6nemli miktarda bitkisel biyokitle gelistiren ve
vejetatif gelisme donemi 7 aydan daha uzun siren tirler icin topragin zengin organik madde igerigine sahip
olmasi gerektigini bildirmistir. Khalfallah et al. (2015); organik madde icerigi % 1.4 olan topraklara 9 t ha
kompost uygulamis ve enginarin kuru madde, N, P, K, Ca ve Mg igeriklerinin arttigini bildirmistir. Ayrica
arastirici, enginarda en iyi bas kalitesini 15 t ha™ kompost uygulanmasiyla elde ettiklerini bildirmistir.

Arastirmada 0-30 ve 30-60 cm derinliklerde alinan toprak orneklerine ait kire¢ (%CaCOs) sonuglari
Cizelge 2'de gosterilmistir. Kireg icerikleri birinci derinlikte ortalama % 4.56, ikinci derinlikte ise ortalama % 4.69
oldugu belirlenmistir. Her iki derinlikteki toprak érneklerinin % 65’i az kiregli, % 30’u orta kiregli ve %5’i fazla
kirecli oldugu belirlenmistir (Sekil 4). Topraklarin kireg icerikleri ile Mn (r:-0.002* ) icerikleri arasinda ise 6nemli
negatif iliskiler belirlenmistir. Ayni sonucu Turan ve ark. (2010) da bildirmistir. Arastiricilar tarafindan Bursa’da
tarim yapilan altivyal topraklarin % 26.7’sinin kiregsiz ve % 36.7’sinin az kiregli oldugunu bildirilmistir (Turan ve
ark., 2010). Alizadeh ve ark. (2024); enginarda bitki agirhginin biyik o6lglide toprak pH'ina, organik karbona,
kire¢ ve potasyum oranina bagh oldugunu bildirmiglerdir.

Organik m. 0-30 cm Organik m. 30-60 Kireg 0-30 cm Kireg 30-60 cm

% 55
Orta Az kiregli

Az kiregli

Sekil 4. Topraklarin organik madde ve kireg¢ dagilimi.

Arastirma toprak orneklerine ait tekstiir analiz sonuglari Cizelge 3’de gdsterilmistir. incelenen
topraklarin kum igerikleri birinci derinlikte ortalama % 35.67 bulunurken, ikinci derinlikte ortalama %35.55
oldugunu gostermistir. Kil icerikleri degerlendirildiginde; birinci derinlikte ortalama % 34.56, ikinci derinlikte ise
ortalama % 35.25 bulunmustur. Silt icerikleri birinci derinlikte ortalama % 29.76 belirlenirken, ikinci derinlikte
ortalama % 29.19 oldugu belirlenmistir. 0-30 derinligindeki toprak érneklerinin % 10"u kumlu killi tin, % 20’si kil
ve % 70’i killi tin olarak belirlenmis. 30-60 derinligindeki toprak érneklerinin % 10’u kumlu killi tin, % 20’si kil ve
%70’i killi tin blnyeye sahip oldugu belirlenmistir (Sekil 5). Toprak numunesi aldigimiz noktalardaki 0-30 ve 30-
60 derinliklerdeki binyenin degismedigi gézlenmistir. Bursa’da tarim yapilan allivyal topraklarin biyik bir
boliimUnd orta bunyeli topraklarin olusturdugu bildirilmistir (Turan ve ark., 2010). Ciancolini (2012), enginarin
iyi drene edilmis olmak kaydiyla genis bir yelpazede yani ¢ok cesitli toprak tiplerinde yetistirilebilecegini
bildirmistir.

Toprak Orneklerinin Bazi Makro ve Mikro Bitki Besin Elementi icerikleri

Arastirmada incelenen enginar bahcelerin toprak 6rneklerine ait toplam azot (N) analiz sonuglari Cizelge
4'te gosterilmistir. Toplam N igeriklerinin 0-30 derinlikte ortalama % 0.16 ve 30-60 cm derinlikte ise ortalama %
0.15 arasinda belirlenmistir. Birinci derinlikte % 85’i yeter % 15’i fazla, ikinci derinlikte % 90’1 yeterli, % 10’u
fazla sinirda oldugu analiz edilmistir (Sekil 5). Topraklarin toplam N igerikleri ile Zn (r:0.031* ) igerikleri arasinda
ise 6nemli pozitif iligkiler belirlenmistir.

178



Turk Tarim ve Doga Bilimleri Dergisi 12(1): 173-186, 2025

Cizelge 3. Toprak orneklerinin biinye 6zellikleri

Kil Silt Kum Blnye sinifi
No Mevkii 1 2 1 2 1 2 1 2
1 Sirtoglu 28,6 25,9 23,3 25,0 48,1 49,1 Kumlu killi tin
2 Sirtoglu 43,9 445 283 30,5 27,8 25,0 Kil Kil
3 Sirtoglu 370 379 340 351 29,0 27,0 Killitin Killi tin
4  Sirtoglu 28,1 29,6 29,3 31,7 42,6 38,7 Killitin Killi tin
5 Sirtoglu 32,0 31,9 31,8 29,2 36,2 38,9 Killitin Killi tin
6 Karanhkdere 354 33,6 37,2 371 27,4 29,3 Killitin Killi tin
7  Sirtoglu 43,5 443 32,3 32,9 24,2 22,8 Kil Kil
8 Sirtoglu 357 395 31,9 283 324 32,2 Killitin Killi tin
9 Sirtoglu 304 29,8 25,7 253 43,9 44,9 Killitin Killi tin
10 Sirtoglu 32,6 31,6 253 24,8 42,1 43,6 Killitin Killi tin
11 Sirtoglu 283 29,5 31,4 30,9 40,3 39,6 Killitin Killi tin
12 Karanlikdere 48,5 48,7 32,5 33,0 19,0 18,3 Killi tin Killi tin
13 Sirtoglu 374 368 304 27,8 32,2 35,4 Kil Kil
14 Sirtoglu 36,9 384 279 246 352 37,0 Killitin Killi tin
15 Kegiagih 22,6 252 246 248 52,8 50,0 Killitin Killi tin
16 Kegiagih 33,8 348 294 27,6 36,8 37,6 Kumlukillitin Kumlu killi tin
17 Baglar 324 34,3 27,2 27,0 40,4 38,7 Killitin Killi tin
18 Sirtoglu 294 34,0 29,1 273 41,5 38,7 Killitin Killi tin
19 Buyukgol 31,1 31,4 309 309 380 37,7 Killitin Killi tin
20 Buyukgol 43,7 43,4 32,7 30,0 23,6 26,6 Kil Kil

En disik 22.60 25.20 2330 24.60 19.00 18.30
En yiksek 48.50 48.70 37.20 37.10 52.80 49.10
Ortalama 3456 35.25 29.76 29.19 35.67 35.55

Bursa’da tarim yapilan allivyal topraklarin toplam N miktarinin % 3,3’Unlin ¢ok az, % 43,3’'linlin az, %
46,7’sinin yeter ve % 6,7’si fazla dizeyde N icerdigi bildirilmistir (Turan ve ark., 2010). Bu degerler Turkiye tarim
topraklari geneli ile uyum igerisindedir (Eylpoglu, 1999). Enginarin verimliligi, N miktarindan biyik 6lgtide
etkilenir (Saleh ve ark., 2016). Enginar derin ve etkili kok sistemi sayesinde, topraktaki N'den derinlemesine
yararlanabilir (Archontoulis ve ark., 2011). Enginarinin ekonomik verimi icin 200 kg ha ile 400 kg ha N'nin
yeterli oldugu rapor edilmistir (Foti ve ark., 2005; Elia ve Conversa, 2007). Elia ve Conversa (2007), siltli-killi
toprakta (azot bakimindan zengin) 300 kg ha N'ye kiyasla 150 kg ha® N uygulamasinin enginarin verimini
optimize etmede en iyi uygulama oldugunu bildirmislerdir.

Arastirmada incelenen 0-30 ve 30-60 cm derinliklerden alinan toprak oérneklerine ait fosfor (P) analiz
sonuclar Cizelge 4’te gosterilmistir. Yarayish P iceriklerinin birinci derinlikte ortalama 23.60 mg kg™ ve ikinci
derinlikte ise ortalama 28.30 mg kg bulundugu belirlenmistir. Toprak &rneklerinin P analiz sonucuna gére
birinci derinlikte % 5’i az, % 25’i orta ve % 70’i fazla, ikinci derinlikte topraklarin tamaminin yeterli ¢iktigi
belirlenmistir (Sekil 6). Bursa ili topraklarinin % 16,97’si az, % 48,75i orta, % 28,98'i yiksek ve % 5,30’unun ¢ok
yuksek seviyede alinabilir fosfor icerdigi bildirilmistir (Glle¢ ve ark. 2018). Bursa’da tarim yapilan allvyal
topraklarin bitkiye yarayish P icerikleri degerlendirildiginde; % 43,3’(inlin yeterli, % 50’sinin fazla ve ¢ok fazla
dizeyde bulundugunu bildirilmistir (Turan ve ark., 2010). Tumsavas ve Celik (2005), Bursa’da kiregsiz
kahverengi biiyik toprak grubu topraklarinin yarayish fosfor igeriklerinin yeterli oldugunu bildirmistir. TUmsavas
ve Aksoy (2009), kahverengi biiyiik toprak grubu topraklarinin %64.3’(inde yarayish fosforun orta seviyede,
%25’inin ise yuksek oldugunu bildirmislerdir. Girel ve Biyikh (2023), enginar tarimi yapilan Bursa, Hasanaga
ybresinde yaptiklari ¢alismada; topraklarin %50’sinin yeterli P icerigine sahip oldugunu bildirmislerdir. Elia ve
Conversa (2007), enginar icin elverisli P icerigine sahip topraklarda P,Os aliminin ispanya'da 125 kg ha™ ve
Fransa'da 90 kg ha™' arasinda degistigini tespit etmistir. italya'da ise mevcut P agisindan fakir, kirecli bir
toprakta, alinabilir P miktarinin 35 kg ha'ye kadar ulastigini bildirmistir. Fosforlu giibrelemenin enginarda
erkenciligi olumlu yénde etkiledigi, sirasiyla 95 ve 150 kg ha! P,Os oraninda fosforlu giibre uygulandiginda,
herhangi bir katki maddesi olmadan yetistiricilik yapilabilecegi bildirilmistir (Elia ve Conversa, 2007).
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Cizelge 4. Toprak 6rneklerinin bazi makro besin elementi igerikleri

Konsantrasyon % mg kg cmol kgt
N P K Ca Mg Na

No Mevkii 1 2 1 2 1 2 1 2 1 2 1 2
1 Sirtoglu 013 012 148 12,1 022 014 172 195 223 229 048 043
2 Sirtoglu 0,17 0,15 7,9 21,2 0,25 0,22 2,04 2,04 4,02 3,41 066 0,71
3 Sirtoglu 0,14 0,11 7,9 41,3 050 037 11,50 13,70 1,88 2,04 0,58 0,43
4 Sirtoglu 0,16 0,14 45,2 416 0,73 0,45 18,81 1,76 1,44 134 050 0,42
5 Sirtoglu 0,16 0,12 3,3 246 0,24 0,21 2,18 2,28 1,78 2,09 0,63 0,50
6 Karanlikdere 0,17 0,15 26,4 28,2 0,38 0,27 2,21 2,13 191 1,87 093 0,79
7 Sirtoglu 0,14 0,12 9,7 28,5 0,30 0,25 1,56 1,60 3,02 3,20 0,54 0,50
8 Sirtoglu 0,21 0,20 35,8 22,1 0,30 0,32 1,90 2,07 3,26 288 0,77 0,69
9 Sirtoglu 0,18 0,21 34,0 17,3 0,74 0,84 1,50 16,23 2,16 2,80 0,50 0,51
10 Sirtoglu 0,13 0,12 18,8 61,9 0,24 0,16 13,81 1,17 2,75 2,49 0,54 0,42
11  Sirtoglu 0,17 0,17 78,7 206 0,88 0,67 16,72 1,63 2,14 2,11 0,71 0,65
12 Karanlikdere 0,13 0,14 3,9 19,4 0,33 0,27 2,87 241 4,06 4,18 0,83 0,78
13 Sirtoglu 0,17 0,16 24,6 36,4 0,38 0,29 2,13 2,18 2,80 288 0,61 0,59
14  Sirtoglu 0,13 0,15 7,9 50,4 0,23 0,19 2,51 2,36 2,72 2,73 0,63 0,55
15 Kegiagih 0,17 0,17 23,0 21,8 0,30 0,29 2,01 1,64 1,73 195 0,46 0,42
16 Kegiagih 0,15 0,14 33,7 355 0,77 0,42 1,81 2,18 2,30 2,23 0,54 0,49
17 Baglar 0,14 0,13 29,4 173 049 0,31 13,53 15,24 1,57 1,57 043 0,34
18 Sirtoglu 0,17 0,13 35,2 209 043 0,23 14,08 14,85 2,57 242 050 0,33
19 Blyulkgol 0,16 0,14 15,8 16,1 0,64 0,44 2,26 463 1,76 1,74 0,60 0,57
20 Buyukgol 0,18 0,15 15,8 29,1 0,37 0,28 2,56 2,36 3,22 3,08 0,76 0,70

En disik 0.13 0.11 3.30 12.15 0,22 0,14 1,50 1,17 1,44 134 043 0,33

En yliksek 0.21 0212 7870 6199 0,88 0,84 1881 16,23 4,06 4,18 0,93 0,79

Ortalama 0.16 0.15 23.60 2830 044 0,33 5,88 4,72 2,47 235 0,61 0,54

Tekstlir 0-30 cm Tekstiir 30-60 cm N, 0-30cm

Sekil 5. Topraklarin tekstir (blinye) ve toplam azot (N) dagilimi.

Topraklarin degisebilir potasyum (K) analiz sonuglari Cizelge 4’te gosterilmistir. Topraklarin degisebilir K
iceriklerinin birinci derinlikte ortalama 0,44 cmol kg? arasinda, ikinci derinlikte ise ortalama 0,33 cmol kg*
arasinda belirlenmistir. Analiz sonuglarinin degerlendirmesi Anonim (1990)’a gére yapilmistir (Cizelge 1). Toprak
orneklerinin K analiz sonucuna gore birinci derinlikte % 25’i az, % 65’i yeterli ve % 10’u fazla, ikinci derinlikte %
45’i az, % 50’si yeterli ve % 5’inin fazla ¢iktig1 belirlenmistir (Sekil 6). Bursa ili topraklarinin % 94,67’sinin fazla
seviyede degisebilir K icerdigi bildirilmistir (Glle¢ ve ark., 2018). Turan ve ark. (2010), Bursa’da aliivyal
topraklarin %93.3 oraninda yeterli ve fazla konsantrasyonda yarayisl K icerdigini bildirmislerdir. Yine Bursa’da
benzer calismalarda kiregsiz kahverengi biylk toprak grubu topraklarinin degisebilir K iceriklerinin yeterli
oldugu, kahverengi biiylk toprak grubu topraklarinin ise %14.3’liinde degisebilir K orta seviyede, %35.7’sinin ise
yuksek ve ¢ok ylksek oldugu bildirilmistir (Tiumsavas ve Celik, 2005; Tumsavas ve Aksoy, 2009). Buna karsin,
Gurel ve Biyikh (2023), enginar tarimi yapilan Bursa, Hasanaga yoéresinde yaptiklari ¢alismada; 0-30 cm
derinlikte topraklarin %80’sinin diisik seviyede degisebilir K igerigine sahip oldugunu, 30-60 cm derinlikteki K
icerigi degerlendirildiginde, drneklerin %90’inda disiik diizeyde bulundugunu bildirmislerdir. Enginar igin Elia ve
ark. (2007), italya ve ispanya’da toplam K,O aliminin ortalama 340 kg ha oldugu ve alim oraninin bilyiime
mevsimi boyunca sirekli bir artis gosterdigini bildirmislerdir. Fransa’da, K;O alimi kis boyunca neredeyse 40 giin
durdugunu ve vejetasyon déngisiiniin sonunda toplam alim miktarinin 450 kg ha'dan daha fazlaya ulasarak
blylmenin bir sonraki asamasinda hizli ve dikkat gekici bir sekilde devam ettigini bildirmistir. Potasyum
glbrelemesinin erkencilige olumlu etkisi rapor edilmistir (Saleh ve ark., 2016). Ancak P ve K gibrelemesinin

180



Tiirk Tarim ve Doga Bilimleri Dergisi 12(1): 173-186, 2025

enginar Gzerindeki etkisine iliskin deneyimler belirsizdir (Elia ve ark., 2007). Enginar verimliliginin tek bir mineral
element seviyesinden ziyade tam olarak ifade edilmesi icin bunlar arasindaki dengenin 6nemli oldugu sonucuna
varmistir. Elia ve Conversa (2007); dengeli NPK glbrelemesi igin, N:P:K oraninin 1:0,1:1,2 oldugunu; Saleh
(2003) ise N:K oraninin sirasiyla 1:1,2 veya 1:1,6 oldugunu 6ne sirmistir. Alizadeh ve ark. (2024); enginarda
bitki agirliginin artmasinda K oraninin énemli oldugunu bildirmiglerdir. Enginar yetistiricilinde verim ve birgok
verim unsurlarini artirmasi nedeniyle 18 kg K,O da® + 3 kg Ginko Silfat da uygulamasi énerilebilecegini
bildirmislerdir (Oztiirk ve ark. 2020).

P, 0-30cm P, 30-60 cm

K, 30-60cm

% 55 % 50
Yeterli % 65 Yeterli
Yeterli

% 35
Yeterli

Sekil 6. Topraklarin alinabilir fosfor (P) ve degisebilir potasyum (K) dagilimi.

Calisma topraklarinin degisebilir kalsiyum (Ca) analiz sonuglari Cizelge 4’te gosterilmistir. Degisebilir Ca
iceriklerinin birinci derinlikte ortalama 5,88 cmol kg?, ikinci derinlikte ise ortalama 4,72 cmol kg oldugu
belirlenmistir. Analiz sonucuna goére birinci derinlikte topraklarin % 70’i az, % 20’si orta ve % 5’i yliksek, ikinci
derinlikte ise % 80’inin az, % 20’sinin ise yeterli oldugu belirlenmistir (Sekil 7). Bursa’da altivyal topraklarin
degisebilir Ca yonlinden topraklarin yeterli ve fazla konsantrasyonda bulundugunu bildirmislerdir (Turan ve ark.
2010). Bursa’da Kiregsiz Kahverengi Blylik Toprak Grubu topraklarinin degisebilir Ca iceriklerinin yeterli oldugu
bildirilmistir (Timsavas ve Celik, 2005). Bursa’da Kahverengi Biylk Toprak Grubu topraklarinin % 3.6’sinda
degisebilir Ca orta seviyede, % 96.4.7’inde ise Iyi oldugu bildirilmistir (Timsavas ve Aksoy, 2009). Topraklarin
degisebilir Ca igerikleri ile Mn (r:0.024* ) igerikleri arasinda ise 6nemli pozitif iliskiler belirlenmistir. Turan ve
ark. (2010), benzer sonuglan elde ettiklerini bildirmislerdir. Elia ve Conversa (2007), bitki gelisim donemi
boyunca diizenli bir Ca alim modelinin oldugunu, 150 kg ha ile 300 kg ha arasinda degisen ve bitki tarafindan
toplam Ca uzaklastirildigini vurgulamigtir.

Topraklarin alinabilir magnezyum (Mg) oOrneklerine ait analiz sonuclar Cizelge 4’te gosterilmistir.

Baktigimizda arastirma yapilan topraklar Mg iceriklerinin birinci derinlikte ortalama 2.47 cmol kg?, ikinci
derinlikte ise ortalama 2.35 cmol kg bulundugu belirlenmistir. Toprak érneklerinin Mg analiz sonuglarina gére
birinci ve ikinci derinlikte de yeterli ve ylksek oldugu gézlenmektedir (Sekil 7). Magnezyum igin, yaklasik 24 kg
ha? ve 40 kg ha toplam alim bildirilmistir (Elia ve Conversa 2007). Bursa’da Aliivyal, Kire¢siz Kahverengi ve
Kahverengi Buyik Toprak Grubu topraklarinin degisebilir Mg iceriklerinin yeterli ve yuksek miktarda oldugu
bildirilmistir (Tumsavas ve Celik, 2005; Timsavas ve Aksoy, 2009; Turan ve ark., 2010). Elia ve al. 2007 6zellikle
de Fe ve Mg'nin eksikliginin bitki bliylimesini olumsuz etkiledigini bulmuslardir.
Arastirmada incelenen 0-30 ve 30-60 cm derinliklerde alinan toprak orneklerine ait degisebilir sodyum (Na)
analiz sonuglari Cizelge 4’te gosterilmistir. Arastirma yapilan topraklarin degisebilir Na igeriklerinin birinci
derinlikte ortalama 0,61 cmol kg, ikinci derinlikte ise ortalama 0,54 cmol kg seklinde belirlenmistir. Toprak
orneklerinin Na analiz sonucuna gore birinci ve ikinci derinlikte de Na yeterli diizeyde degisebilir Na
icermektedir. Turan ve ark. (2010), allivyal topraklarin %63.33’i yeterli, %36.67'si ise yetersiz dizeyde
degisebilir Na igerdigini bildirmislerdir. Ayrica topraklarin degisebilir sodyum icerikleriyle magnezyum igerikleri
arasinda 6nemli derecede pozitif (r:0.047%*) iliski belirlenmistir. Ayni sonucu Turan ve ark. (2010)’da rapor
etmistir. Magnifico ve Lattanzio (1981) tarafindan enginarda gdzlemlenen yiiksek Na alimi (144 kg ha™) dikkate
degerdir. Graifenberg ve ark. (1993) tarafindan gosterildigi gibi, enginar, bitki tarafindan tuz stresi etkilerinin
Ustesinden gelmek icin bir iyon icerme mekanizmasi olarak eski yaprak dokusunda (hatta 14 g 100 g DM) Na
biriktirme kapasitesine sahiptir.
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Ca, 0-30cm Ca, 0-60cm Mg, 30-60 cm

% 20
Yeterli

% 95

Yeterli Yeterli

Sekil 7. Topraklarin degisebilir kalsiyum (Ca) ve degisebilir magnezyum (Mg) dagilimi.

Topraklarin alinabilir demir (Fe) analiz sonuglari Cizelge 5’te gosterilmistir. Arastirmada topraklarin Fe
iceriklerinin birinci derinlikte ortalama 7.80 mg kg, ikinci derinlikte ortalama 7.89 mg kg belirlenmistir.
Toprak 6rneklerinin Fe analiz sonucuna gore sadece on bes numarali bahgenin noksanlik gosterilebilir diizeyde
oldugu, diger 6rneklerin yeterli oldugu belirlenmistir (Sekil 8). Turan ve ark. (2010), Bursa’da allvyal topraklarin
orta ve yiliksek diizeyde alinabilir Fe igerdigini bildirmislerdir. Gatta ve ark. (2018), enginar yetistirilen
topraklarda mikro element iceriklerini Fe icin 17,5 mg kg oldugunu bildirmislerdir. Toprak érneklerine ait bakir
(Cu) analiz sonuglari Cizelge 5’te gosterilmistir. Arastirmada topraklarin Cu igeriklerinin birinci derinlikte
ortalama 4.61 mg kg?, ikinci derinlikte de ortalama 4.91 mg kg bulunmstur. Toprak érneklerinin Cu analiz
sonucuna gore sinir degerleri ile karsilastinldiginda iki derinlikte yeterli miktarda alinabilir Cu bulundugu
belirlenmistir (Sekil 8). Gatta ve ark. (2018), topraklarda mikro element iceriklerini Cu icin 3,56 mg kg*
oldugunu bildirmislerdir. Bursa ili topraklarinin tamaminin yeterli seviyede alinabilir Fe ve Cu igerdigi ve Bursa
ili topraklarinin demirli ve bakirli giibre ile glibrelenmesine ihtiya¢ olmadigi bildirilmistir (Glleg ve ark., 2018).
Girel ve Biyikl (2023), enginar tarimi yapilan Bursa, Hasanaga yoresinde yaptiklari calismada topraklarin yeterli
seviyede degisebilir Fe ve Cu igerigine sahip oldugunu bildirmislerdir. Topraklarin alinabilir Cu icerikleriyle kum
icerikleri arasinda pozitif (r:0.005*) ve kil (r:-0.010%*) ile silt (r:-0.040*) icerikleri arasinda ise 6nemli derecede
negatif iliskiler belirlenmistir. incelenen toprak &rneklerine ait ¢inko (Zn) analiz sonuclari Cizelge 5’te
gosterilmistir. Toprak o6rneklerinin Zn analiz sonucuna birinci derinlikte %15’i noksan, % 75’i noksanlk
gosterebilir ve % 10’u yeterli, ikinci derinlikte ise % 35’i noksan, % 55’i noksanlik gosterilebilir ve % 10’u yeterli
konsantrasyonda alinabilir Zn igerdigi belirlenmistir (Sekil 9). Bursa ili topraklarinin % 64,26’sinda alinabilir Zn
eksikliginin oldugu, topraktan ve yapraktan ginko uygulamalari yapilabilecegi bidirilmistir (Giileg ve ark., 2018).
Ozgiiven ve Katkat (2002), Bursa ili topraklarinin % 37.5’inin Zn bakimindan yoksul oldugunu bildirmislerdir.
Turan ve ark. (2010), Bursa ili alivyal tarim topraklarinin % 43.33’linde az, % 56,66’sinda yeterli ve yiksek
oranda yarayisli Zn icerdigini bildirmislerdir. Gatta ve ark. (2018), topraklarda mikro element igeriklerini Zn igin
7,33 mg kg oldugunu bildirmislerdir. Arastirma topraklarinin alinabilir Zn icerikleri ile toplam N (r:0,031*) ve
alinabilir P (r<0,001**) o6nemli pozitif iliski belirlenmistir. Mangan (Mn) analiz sonuglarn Cizelge 5'te
gosterilmistir. Arastirma yapilan topraklarin Mn iceriklerinin birinci derinlikte minimum 2.60 mg kg* ve
maksimum 9.73 mg kg arasinda, ikinci derinlikte ise minimum 2.38 mg kg! ve maksimum 14.74 mg kg?
arasinda degisiklik gostermistir. Toprak orneklerinin  Mn analiz sonucuna gore sinir degerleri ile
karsilastirdigimizda iki derinlikte yeterli miktarda alinabilir Mn bulundugu gézlenmektedir (Sekil 9). Bursa’da
kiregsiz kahverengi biyik toprak grubu topraklarinin degisebilir Fe, Mn, Cu ve Zn igerikleri yéniinden yeterli
oldugu bildirilmistir (Tiumsavas ve Celik, 2005). Buna karsin Turan ve ark. (2010), Bursa ili aliivyal tarim
topraklarinin % 90’inda yarayish Mn noksanligi oldugunu bildirmislerdir. Guleg ve ark., (2018) da. Bursa ili
topraklarinin % 49,21’inde alinabilir mangan eksikliginin olmasi, topraklarin mangan gibresi ile giibrelenmesini
gerektirdigini rapor etmislerdir. Gatta ve ark. (2018), enginar yetistirilen topraklarda mikro element
iceriklerinden Mn icin 10-15 mg kg™ diizeyinin ideal oldugunu bildirmislerdir. Gatta ve ark. (2018), hasat edilen
enginar baslarinin agir metal iceriklerini uluslararasi esik degerlerinden disiik oldugunu ve topraktan disiik
biyoakiimulasyon faktérleri ile bu agir metallerin enginar GrGndnidn yenilebilir kisminda birikmedigini
bildirmislerdir. Enginar baslarinin tilketimine dayali tehlike endeksleri hem yetiskinler hem de ¢ocuklar igin <1.0
olarak kaldigini, bu da farkli agir metalleri iceren saglik risklerinin dGnemli olmadigini bildirmislerdir. Bu sonuglara
gore arastirma topraklarinin bu yonilyle enginarin yenilebilir kisimlari igin agir metal riski tasimadig
ongorilmektedir.
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Cizelge 5. Toprak 6rneklerinin bazi mikro besin elementi igerikleri
Konsantrasyon (mg kg)

Fe Cu Zn Mn
No Mevkii 1 2 1 2 1 2 1 2
1  Sirtoglu 7,57 8,78 12,3 13,2 069 0,65 4,17 5,00
2 Sirtoglu 10,70 840 531 478 066 054 8,64 5,14
3 Sirtoglu 9,58 105 3,22 3,28 051 048 9,73 14,70
4 Sirtoglu 590 6,16 542 587 081 087 487 5,50
5  Sirtoglu 6,79 760 603 6,17 043 042 3,63 4,19
6  Karanlikdere 5,95 5,38 4,11 3,76 1,06 0,75 7,35 7,17
7  Sirtoglu 100 7,73 297 225 0,57 0,37 945 6,67
8  Sirtoglu 8,53 108 261 3,10 081 0,79 3,13 4,38
9  Sirtoglu 6,59 836 283 3,16 0,92 1,25 560 7,83
10 Sirtoglu 9,14 10,2 2,31 2,32 0,64 047 9,25 11,7
11 Sirtoglu 861 959 701 7,66 1,17 1,18 7,17 7,46
12 Karanhkdere 8,27 8,16 2,83 2,78 0,37 032 3,84 3,22
13 Sirtoglu 576 511 2,27 2,10 082 0,75 3,72 3,44
14 Sirtoglu 6,09 6,10 235 222 050 036 331 3,11
15 Kegiagil 3,71 429 870 11,8 064 085 3,45 3,66
16 Kegiagili 6,15 6,14 606 7,34 060 063 3,70 3,60
17 Baglar 10,7 8,20 531 587 066 055 8,64 575
18 Sirtoglu 797 7,49 421 432 0,77 063 8,34 9,59
19 Blyiikgol 961 933 393 361 045 040 2,60 2,38
20 Bulyukgol 828 921 242 250 052 051 3,74 4,99
En dlsik 3.71 429 227 210 037 032 260 238
En ylksek 10.70 10.80 12.30 13.20 1.17 1.25 9.73 14.70
Ortalama 780 789 461 491 068 064 572 598
Fe, 0-30cm Fe, 30-60 cm Cu, 0-30cm Cu, 0-30cm
% 100 % 100
Yeterli Yeterli
%95 % 95'
Yeterli Yeterli

Sekil 8. Topraklarin alinabilir demir (Fe) ve alinabilir bakir (Cu) dagilimi.

Zn, 0-30cm Zn,30-60 cm Mn, 0-30 cm Mn, 30-60 cm

%35

Noksan % 100

Yeterli
% 75
Kritik

Sekil 9. Topraklarin alinabilir ¢cinko (Zn) ve alinabilir mangan (Mn) dagilimi.
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SONUC ve ONERILER

Enginar yetistiriciligi yapilan Bursa ili Kestel ilcesi Seymen ve cevresi topraklarinin bazi fiziksel ve
kimyasal ozellikleri degerlendirildiginde; 0-30 cm ve 30-60 cm derinlikten alinan topraklar biytk bir kismi notr
geriye kalan topraklar hafif alkali reaksiyonda, tuzluluk sorunu olmayan, orta biinyeye sahip oldugu
gorllmustir. Topraklarin iki derinlikte de % 65’lik kismi kiregli % 30’u orta kiregli oldugu belirlenirken, organik
madde igeriginin 0-30 cm derinlikte ¢ogunlugun orta bir kismi da iyi oldugu, 30-60 cm derinlikte ise orta ve az
oldugu belirlenmistir. Calismada incelenen topraklarin bazi makro ve mikro bitki besin elementi igerikleri
degerlendirildiginde; topraktaki azotun yeterli oldugu, fosfor iki derinlikte de neredeyse yarisinin fazla giktigl,
potasyum iceriginin toprak orneklerinin biyik bir kisminda noksan ve distk oldugu belirlenmistir. Kalsiyum
icerigi bakimindan da iki derinlikte de % 70 az oldugu sadece % 25'i yeterli seviyede oldugu tespit edilmistir.
Toprak érneklerinin magnezyum igerigi analiz sonucuna goére birinci ve ikinci derinlikte de iyi oldugu, sodyumun
ise iki derinlikte sodik olmadigi, demir igerigi bakimindan sadece bir 6rnek noksanlk belirtisi gdsterirken geriye
kalan tim o6rnekler yeterli seviyede ¢ikmistir. Bakir ve mangan analiz sonucunda topraklarin yeterli seviyede
oldugu, ¢inko bakimindan topraklarin blylk bir kisminin noksan veya noksanlik belirtisi gosterdigi
belirlenmistir. Yapilan ¢alisma sonucunda; yoredeki lreticilerin toprak analizine dayali olmayan bir glibreleme
programi izledigi, organik giibre kullanimlarinin yetersiz oldugu ve enginar Uretiminin de bilingsiz olarak
yapildig gériilmiistiir. Uretimin bu sekilde devam etmesi durumunda yérede vyetistirilen bu iiriinlerde dengesiz
glbrelemeye bagh bitki beslenme sorunlarinin artarak verimde azalmalar meydana gelebilecegi sonucuna
varilmistir.

Tesekkiir: Bu ¢alisma, Bursa Uludag Universitesi yiiksek lisans tez calismasinin bir pargasidir.
Cikar Catismasi Beyani: Makale yazarlari kimseyle arasinda herhangi bir cikar ¢atismasi olmadigini beyan eder.

Arastirmacilarin Katki Orani Beyan Ozeti: Yazarlar makaleye esit oranda katki saglamis olduklarini beyan
ederler.
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Bu ¢alismanin amaci Muscari armeniacum bitkisinin toprak Gisti ve soganlarinin maserasyon yéntemiyle
elde edilen farkli ekstraktlarin antioksidan ve antimikrobiyal aktivitelerini karsilastirmali olarak
degerlendirmektir. Ayrica galisma, etanol ekstraktlarinin insan fibroblastlarinin ve MCF-7 meme kanseri hiicre
hatlarinin gogalmasi tzerindeki etkisini belirlemeyi amaglamaktadir. Muscari armeniacum bitkisinin toprak tsti
kisimlarindan ve soganlarindan elde edilen petrol eteri, kloroform ve etanol ekstraktlarinin antioksidan
aktiviteleri DPPH, CUPRAC ve FRAP yontemleriyle incelenmistir. Ekstraktlarin icerdigi toplam fenolik bilesik
miktari FCR yontemi kullanilarak belirlendi. Antimikrobiyal aktivite agar kuyusu diflizyon yontemiyle belirlendi.
Bitkinin etanol ekstraktlarinin sitotoksik aktiviteye yetenegi MTT tahlili kullanilarak belirlendi. Soganlarin
kloroform ekstraktinin diger ekstraktlara gére daha yiiksek DPPH (1Cs0:0,056 mg/mL), FRAP (2,738 mM FeSO4/mg
ekstrakt) ve CUPRAC (3,640 mM trolox esdegeri/mg ekstrakt) aktivite potansiyeline sahip oldugu belirlendi.
Ayrica toprak Usti kisim kloroform ekstraktinin en yiksek DPPH (ICso: 0,889 mg/mL), CUPRAC (1,166 mM trolox
esdegeri/mg ekstrakt) ve FRAP (0,823 mM FeSO,/mg ekstrakt aktivitesi) antioksidan aktivitesini gosterdigi
belirlendi. Soganlardan elde edilen kloroform ekstraktinin toprak Gstl kisimlara gére daha ylksek miktarda
fenolik icerik icerdigi ve buna bagli olarak en yiiksek antioksidan aktiviteyi gdsterdigi belirlendi. Toprak st petrol
eteri ekstraktinin S. aureus ATCC 25923 ve S. epidermidis ATCC 11228'e karsi antimikrobiyal aktiviteye sahip
oldugu, soganlarin etanol ekstraktinin ise yalnizca S. epidermidis ATCC 11228'e karsl antimikrobiyal aktiviteye
sahip oldugu bulundu. Calisma, 500 pg/mL dozundaki toprak Usti ve sogan etanol ekstraktlarinin insan
fibroblastlari ve MCF-7 meme kanseri hiicre dizileri tizerinde sitotoksik potansiyeli olmadigini gdsterdi. Bitkinin
farkh kisimlarinin insan normal hiicre hatlari lizerinde sitotoksik aktivite géstermemesi, bu tiiriin antioksidan ve
antimikrobiyal ajan olarak kullanilabilecegini disindirmektedir.

Anahtar kelimeler: Muscari armeniacum, antimikrobiyal, antioksidan, sitotoksik

Investigation of Antioxidant, Antimicrobial and Cytotoxic Activities of Different Extracts of
Muscari armeniacum

ABSTRACT
The aim of this study is to comparatively evaluate the antioxidant and antimicrobial activities of different
extracts obtained by the maceration method of the aerial and bulbs of the Muscari armeniacum. Additionally,
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the study aims to determine the effect of ethanol extracts on the proliferation of human fibroblasts and MCF-7
breast cancer cell lines. The antioxidant activities of petroleum ether, chloroform and ethanol extracts from the
aerial parts and bulbs of the Muscari armeniacum were examined by DPPH, CUPRAC and FRAP methods. The
amount of total phenolic compounds contained in the extracts was determined using the FCR method.
Antimicrobial activity was determined by the agar well diffusion method. The ability ethanol extracts of plant to
cytotoxic activity was determined using the MTT assay. It was determined that the chloroform extract of bulbs
had higher DPPH (ICs50:0.056 mg/mL), FRAP (2.738 mM FeSO4/mg extract) and CUPRAC (3.640 mM trolox
equivalent/mg extract) activity potential than other extracts. In addition, it was determined that the aerial parts
chloroform extract showed the highest DPPH (ICso: 0.889 mg/mL), CUPRAC (1.166 mM trolox equivalent/mg
extract) and FRAP (0.823 mM FeSO4/mg extract activities) antioxidant activity. It was determined that the
chloroform extract obtained from bulbs contained higher amounts of phenolic contents than the aerial parts and
accordingly showed the highest antioxidant activity. Aerial parts petroleum ether extract was found to have
antimicrobial activity against S. aureus ATCC 25923 and S. epidermidis ATCC 11228, and the ethanol extract of
bulbs was found to have antimicrobial activity only against S. epidermidis ATCC 11228.

The study showed no cytotoxic potential of aerial parts and bulbs ethanol extracts at a dose of 500
pg/mL on human fibroblasts and MCF-7 breast cancer cell lines. The fact that different parts of the plant do not
show cytotoxic activity on human normal cell lines suggests that this species can be used as an antioxidant and
antimicrobial agent.

Key words: Muscari armeniacum, antimicrobial, antioxidant, cytotoxic

INTRODUCTION

The use of plants for medicinal purposes dates back to ancient times. In our country, as well as all over the world,
medicinally important plants have been used by people for centuries. In aerobic organisms, free radicals, that is,
reactive oxygen species, are formed during the body's normal use of oxygen or under the influence of various
external factors such as environmental agents (pesticides, aromatic hydrocarbons, toxins, solvents, etc.), stress
and radiation. The resulting free radicals can damage basic cellular components such as lipids, proteins and
nucleic acids in the organism. Our body uses the antioxidant system that prevents the formation of free radicals
and prevents damage. Therefore, our body's natural defense system should be supported with antioxidant
molecules. Some medicinal plants have antimicrobial properties and are widely used in the treatment of some
diseases. With the development of technology, the production of synthetic antimicrobial agents has increased.
However, due to misuse and overuse of these agents, microorganisms may gain resistance (Vanderbank, 1949;
Shinde et al., 2012). The origin of the Asparagaceae family is thought to be Eurasian or African. The family is
widely distributed throughout the world (Girsoy, 2016). The Muscari genus, located in the Asparagaceae family,
was introduced to the scientific community in 1754 by Botanist Philip Miller (1691- 1771) in his work titled "The
Gardeners Dictionary" (Eroglu, 2020). The origin of the name Muscari is based on the fact that some members
of the Muscari genus are fragrant. It is derived from the Latin word “muscus” (musk). The word musk came to
our language from the Arabic language (Eroglu, 2020). According to the Turkish Language Association, the word
musk means "a fragrant substance and mist extracted from a gland under the abdominal skin of a type of male
gazelle that lives in the high mountains of Asia." It is recorded in Turkey that the name Muscari, meaning "musk
scent, musk hyacinth", was used in ancient Istanbul because the flowers of the Muscari macrocarpum species
were fragrant (Glrsoy, 2009). Muscari genus is distributed in a wide region around the world. It extends
throughout the Mediterranean basin to the Caucasus, as well as in the temperate regions of Europe, North Africa
and the southwestern parts of Asia. Although there is variation according to species, plants generally grow in
meadows, steppes, snow-melt areas, stony-rocky areas, slopes, watersides, saline areas and various forest
undergrowth (Eroglu, 2020).The Muscari armeniacum H.).Veitch plant is generally known as grape hyacinth
(Suzuki and Nakano, 2000). At the same time, its other common names are Arabian Hyacinth, Catnip, Muskirim,
Gavurbasi, Turkish Hyacinth, Viper Onion, Garden Grape Hyacinth and Armenian Grape Hyacinth (Kahraman,
2019; Bokov, 2019; Arslan, 2021). The plant is called Grape Hyacinth and Turkish Hyacinth in English (Kahraman,
2019). Muscari armeniacum is a herbaceous, bulbous, perennial plant with blue-purple flowers that resemble
showy bunches of grapes (Kahraman, 2020). M. armeniacum is widely used as an ornamental plant in parks,
gardens and pots due to its eye-catching flowers and striking appearance (Kahraman, 2022; Bokov, 2019). Grape
hyacinth is a honey plant and attracts bees, butterflies and bumblebees to the garden with its pleasant scent
(Bokov, 2019; Azad and Amin, 2012). It is also used in the perfumery and cosmetics industry with its pleasant
smell (Bokov, 2019; Azad and Amin, 2012). In Turkey, the bulbs of the plant are traditionally consumed as food
(Kiyici, 2021; Tuzlaci, 2011). It is known among the public that the oil obtained after soaking the above-ground
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parts of the plant in olive oil for 1 week is used externally in the treatment of eczema and as a skin moisturizer
(Arslan, 2021; Tuzlaci, 2016). In addition, it is known that the external use of the plant supports wound healing,
has antiseptic properties, and provides an anesthetic effect on dermatological inflammatory processes, wounds
and burns (Bokov, 2019). M. armeniacum contains various groups of biologically active substances. These groups
include flavonoids, mucilages, saponins and alkaloids. Flavonoids include anthocyanins (definidin and cyanidin
derivatives) and homoisoflavonoids (Bokov, 2019). Anthocyanins are the floral pigments that give the plant's
flowers their sky blue color (Lou et al., 2014; Bokov, 2019). It is known that anthocyanins, which have antioxidant
properties, also reduce the risk of cancer, diabetes, cardiovascular and neurological disorders (Serrano et al.,
2020). In addition, it is thought that homoisoflavonoids found in the plant can be used to prevent cancer cells
thanks to their strong antioxidant and potential antimutagenic effects (Bokov, 2019). The flowers of the M.
armeniacum plant have a floral, fruity and slightly peach-like scent. The main components of this fragrance have
been identified as 2-phenylethanol and 2-(4-methoxyphenyl)-ethanol. At the same time, grape hyacinth contains
muscarosides (A12, B13, G3, J6, K7, L8 and M9), which are in the group of oligoglycosides, and musarmins, which
are proteins that inactivate the ribosome (Bokov, 2019).

The objective of this study is to compare the antioxidant and antimicrobial properties of various extracts derived
from the bulbs and aerial parts of M. armeniacum. Additionally, the study aims to determine the effect of ethanol
extracts on the proliferation of human fibroblasts and MCF-7 breast cancer cell lines.

MATERIAL AND METHODS

Plants material

Muscari armeniacum was identified by Dr. Gizem Emre. The identified sample was kept at the Marmara
University Faculty of Pharmacy Herbarium with the code MARE: 22684 until the day the study started.
Preparation of Extracts

The aerial parts and bulbs of the Muscari armeniacum were dried under room conditions. The dried parts were
turned into powder with the help of a plant grinder. Crude extracts were obtained from the powdered aerial
parts and tubers (18 g) by sequential maceration method using petroleum ether, chloroform and ethanol
solvents. The organic solvents obtained were evaporated in a rotary evaporator (Heidolph, 45 °C and low
pressure) to obtain crude extracts. The obtained dry extracts were stored in the refrigerator at +4 °C until the
day the study started.

Antioxidant activity assays

DPPH assays: 240 uL of DPPH solution (0.1 mM) were added to the 10 puL of extracts that had been obtained at
various doses (0.5-3 mg/mL). Before being incubated for 30 minutes at 25 °C, the produced mixtures were stirred
for 1 minute. Every day at 517 nm, the mixes' absorbance values were measured. Under identical circumstances,
the absorbance of the control sample was measured using 10 uL of methanol rather than the extract. The
information gathered throughout the investigation is provided as ICso = mg/mL (Wei et al., 2010).

CUPRAC assays: The extracts' ability to reduce copper (1) ions while still having antioxidant activity was assessed
using a method created by Apak et al. in 2004. In a nutshell, 60 pL of Cu(Il)2H20, 60 uL of neocuproine, and 60
uL of 1 M NH4Ac were mixed, then 60 pL of the extracts were added, and finally 10 uL of ethanol was added to
the mixture. The mixes' absorbance was spectrophotometrically evaluated at 450 nm after 60 min against a
reference solution that was made by substituting ethanol for the plant extracts. The extracts' CUPRAC values
were provided as mg Trolox equivalent/mg extract (Apak et al., 2004).

FRAP assays: The FRAP reagent was stored at 37 oC for 30 min. It consisted of 25 mL of 300 mM acetate buffer
(pH 3.6), 2.5 mL of TPTZ solution, and 2.5 mL of 20 mM FeClI3.6H20. 10 uL of extract were combined with 190 uL
of FRAP reagent, and after 4 minutes, the mixture's absorbance at 593 nm was measured. The extracts' FRAP
values were presented as mM Fe2+/mg extract (Taskin et al., 2021).

Assay for total phenolic content: Briefly, 0.1 mL of the diluted plant extracts, 4.5 mL of water, and 0.1 mL of the
Folin-Ciocalteu reagent were combined, and then 0.3 mL of sodium carbonate solution (2%) was added. One
minute of medium-continuous shaking was then performed. After two hours at room temperature, the
absorbance at 765 nm was measured using a UV/Vis Spectrophotometer. Total phenolic content was calculated
as mg gallic acid equivalents (GAE) per milligram of plant extract (Sembiring et al., 2018).

Antimicrobial effectiveness test

Antimicrobial activity potential of plant extracts was determined primarily by the agar well diffusion method.
Minimal inhibitory concentration (MIC) was determined for extracts showing antimicrobial activity in agar well
diffusion method.

Agar well diffusion test: As bacteria; Staphylococcus aureus ATCC 25923, Staphylococcus epidermidis ATCC
11228, Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC 27853, Proteus mirabilis ATCC 14153,
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Klebsiella pneumoniae ATCC 4352 and as yeast; Candida albicans ATCC 10231 strains were used. Bacteria were
inoculated on tryptic soy agar and C. albicans on sabouraud dextrose agar, incubated at 37 °C for 24 hours.
Microorganism suspensions were prepared from colonies in 0.85% NaCl physiological saline solution (PSS).
Bacterial suspensions were adjusted to 108 cfu/ml and C. albicans suspensions to a concentration of 106 cfu/mL
according to Mc Farland 0.5 standard turbidity. The microorganism suspensions were spread over the surface of
the Mueller hinton agar for bacteria and sabouraud dextrose agar (SDA) for C. albicans by sterile swabs under
aseptic conditions and then 5 mm diameter wells were made surface of the medium with a sterile punch. The
wells were filled with 50 pL (50 mg/mL) of the extracts dissolved in appropriate solvents. In addition, meropenem
(10 pg/well) for bacteria, amphotericin B (100 ug/well) as a positive control for the yeast, solvent (DMSO) and
PSS will be used as negative control. Inoculated petri dishes will be incubated at 37°C for 18-24 hours for bacteria,
for 24-48 hours at 35 °C for yeast, and at the end of incubation time, inhibition zones will be measured in mm.
The trials will be performed with three replicates and will be averaged.

Detection of minimal inhibitor concentration for bacteria: Detection of MIC for bacteria were performed in
accordance with the standards of the Clinical and Laboratory Standards Institute (CLSI). Cation Adjusted Mueller
Hinton Broth (CAMHB) was used as medium. Bacteria suspension was prepared from the colonies in the 24-hour
bacterial culture according to Mc Farland 0.5 turbidity and the final inoculum concentration shall be diluted to
5x105 cfu/ml. The sterile U-based microdilution plates were placed 100 uL of the CAMHB. Soluble extracts were
placed 100 pl in the first wells and serial dilutions were made respectively. Then 5uL of bacterial suspension was
added to the wells containing the extract and the plates incubated at 37 °C for 24 hours. At the end of the
incubation, the lowest extracting concentrations with no growth was determined as minimal inhibitory
concentration (MIC). Escherichia coli ATCC 25922 was used as a quality control microorganism. CAMHB, DMSO
and PSS were used as negative control. Meropenem was used as positive control (Perez et al., 1990; NCCLS, 2003;
CLSI 2005).

Cell Culture Studies

Human fibroblasts and MCF-7 breast cancer cells were grown in DMEM medium, containing L-glutamine, 10%
fetal bovine serum (FBS), and 1% penicillin-streptomycin (P/S). The cells were incubated at 37°C in a 5% CO,
humidified atmosphere. When the cells reached 70-80% confluence, they were washed with phosphate-buffered
saline (PBS) and treated with trypsin-EDTA to detach them from the culture flask. After trypsinization, the cells
were centrifuged at 1200 rpm for 5 minutes to pellet them. The cell pellet was resuspended in fresh medium by
gentle pipetting. Following cell counting, the cells were subcultured into new flasks at an appropriate dilution,
and the process was repeated every 3 days.

MTT Assay

The study assessed the viability of ethanol extracts from the aerial parts and bulbs of Muscari armeniacum using
the 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay after 24 hours. Cells were seeded
in 96-well plates at a density of 1 x 10 cells per well (n=4) and were incubated for 24 hours. After that, extracts
were applied to the cells and left for another 24 hours. Next, 10 pL MTT was added and incubated for 3 hours.
The plates were then incubated on a shaker for 10 minutes, and the percentage of living cells was determined at
570 nm using a multi-plate reader (EnSpire Manager, Perkin Elmer). For the fibroblast cell line, four different
concentrations (62.5, 125, 250, and 500 pg/mL) were used, and the ICso value was determined. To calculate the
fractional effect (Fa) (1-cell viability) values, absorbance values were obtained via the MTT experiment. The doses
corresponding to these Fa values were entered into the CompuSyn software (Paramus, NJ). In the MCF-7 cell
line, the % viability values were compared at a dose of 500 pg/mL. (Goler et al., 2023).

Statistical analysis: The results were computed using the mean standard deviations (SD) of three parallel,
independent measurements. One-way analysis of variance was conducted using ANOVA test, and significant
differences between means were identified using the Tukey Multiple Comparison test, with a p-value of 0.05
being regarded as statistically significant.

RESULTS and DISCUSSION

Determination of DPPH radical scavenging activity

The free radical scavenging activities of different extracts from the plant were determined using the DPPH
method. The antioxidant activities of the extracts and the compound used as standard (ascorbic acid) were
evaluated by comparing their ICsg values. The results obtained were shown in Table 1. According to the results,
it was determined that the chloroform extracts from the bulbs (ICso: 0.056 mg/ml) and aerial parts (ICso: 0.889
mg/ml) of the plant showed higher DPPH radical scavenging activity compared to other extracts. When the
activities of bulbs and aerial parts extracts were compared, it was determined that the chloroform extract of
bulbs showed the highest DPPH radical scavenging activity. In the study, when the activities of extracts and
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standard were compared, it was determined that all extracts showed lower activity than the ascorbic acid
compound (ICso: 0.004 mg/ml) used as standard.

Table 1. DPPH radical scavenging activities of different extracts from the plant

DPPH (ICso: mg/ml)

Extracts Bulbs Aerial parts
Petroleum ether 0.229 +0.029" 1.085 +0.198"
Chloroform 0.056 + 0.005" 0.889 + 0.453"
Ethanol 0.110 + 0.004" 1.056 +0.257"
Ascorbic acid 0.004 +0.007

*p <0.05 compared to ascorbic acid.

Determination of iron (lll) ion reduction antioxidant power (FRAP)

The Iron (1) ion reducing power of plants is very important in evaluating their antioxidant potential. The
iron reducing power is based on the reduction of Fe*3 of the herbal extract to Fe*? and examining this situation
spectrophotometrically at 593 nm. In this method, high absorbance indicates high iron reduction potential. For
this purpose, in this study, the Iron (lll) ion reducing antioxidant power of different extracts from the plant was
examined comparatively. According to the obtained FRAP values it was determined that the chloroform extracts
from the bulbs (2.738 mM FeSO4/mg extract) and aerial parts (0.823 mM FeSO,/mg extract) of the plant showed
higher FRAP values compared to other extracts. When the activities of bulbs and aerial part extracts were
compared, it was determined that bulbs chloroform extract had a stronger iron (lll) ion reducing power than all
other extracts. In addition, in this study, it was determined that all extracts showed lower FRAP values than the
standard BHA compound (5.8 mM FeSQ,).

Table 2. FRAP values of different extracts obtained from the plant

FRAP (mM FeSO4/mg extract)

Extracts Bulbs Aerial parts
Petroleum ether 2.224 +0.159" 0.709 £ 0.055"
Chloroform 2.738+0.261° 0.823+0.025"
Ethanol 1.121 + 0.045" 0.683 £ 0.041°
BHA 5.8+ 0.104

*p <0.05 compared to BHA.

191



Turk Tarim ve Doga Bilimleri Dergisi 12(1): 187-196, 2025

Copper (1) ion reducing antioxidant capacity method (CUPRAC)

The copper(ll) ion reducing antioxidant capacity of different extracts from the plant was evaluated by the
CUPRAC method. In this study, it was determined that the bulbs (3.640 mM TE/ mg extract) and aerial parts
(1.166 mM TE/ mg extract) of the plant have a stronger copper(ll) ion reducing antioxidant capacity potential
than other extracts. When all extracts obtained from different parts of the plant were compared among
themselves, it was determined that bulbs chloroform extract had stronger CUPRAC values than all other extracts.
Findings showed that all extracts prepared from the plant exhibited lower copper(ll) ion-reducing antioxidant
capacity than the BHT compound (5.683 mM TE).

Table 3. CUPRAC values of different extracts from the plant

CUPRAC (mM trolox equivalent/mg extract)

Extracts Bulbs Aerial parts
Petroleum ether 2.675 +0.808" 0.581 +1.375
Chloroform 3.640 + 1.070" 1.166 +0.130"
Ethanol 1.407 £0.423" 0.421 +0.017"
BHT 5.683 + 0.337

*p <0.05 compared to BHT

Determination of total phenolic content in extracts

Total phenolic compounds contained in the different extracts obtained by using the maceration method
of the bulb and aerial parts of the plant were determined using the FCR method. The results obtained are given
in Table 4 as mg gallic acid equivalent /mg extract. This study determined that chloroform extracts from the bulb
and aerial parts of the plant contained higher amounts of phenolic compounds than other extracts. When the
results of the plant different parts were evaluated, it was determined that bulb chloroform extracts (0.099 mg
GAE/ mg extracts) contained the highest amount of phenolic compounds.

Tablo 4. The amount of phenolic compounds contained in different extracts from the plant

Total phenolic contents (mg GAE/ mg extract)

Extracts Bulbs Aerial parts

Petroleum ether 0.032 +0.004 0.020 + 0.003
Chloroform 0.099 + 0.008 0.024 +0.003
Ethanol 0.012 £ 0.001 0.010+ 0.004

GAE: Gallic acid equivalent

192



Turk Tarim ve Doga Bilimleri Dergisi 12(1): 187-196, 2025

Antimicrobial Activity

The antimicrobial activities of different extracts obtained from different parts of the plant were
determined according to the agar well diffusion method and the findings are shown in Table 5.

The petroleum ether extract of aerial part was found to have antimicrobial activity against S. aureus ATCC
25923 and S. epidermidis ATCC 11228 and ethanol extract of bulbs was found to have antimicrobial activity only
against S. epidermidis ATCC 11228. Other extracts do not have antimicrobial activity (Table 5). The MIC of
meropenem against E. coli ATCC 25922 used as a quality control microorganism was within the CLSI quality
control limits.

Table 5. Antimicrobial activity of different extracts from the plant

S. aureus ATCC 25923 S. epidermidis ATCC 11228
Zone Diameter MIC ZoneDiameter MIC
Extracts
(mm) (mg/ml) (mm) (mg/ml)
Bulbs-EtOH 0 ND 3.01+0.14 >3.25
Aerial parts-PE 12.57 +0.23 >3.25 5.21+0.18 >3.25
Merpopenem 27.75%0.32 2 38.32+0,28 0.25

ND: Not determined, EtOH: Ethanol, PE: Petroleum ether, MIC: Minimal inhibitory concentration

Cytotoxic Activity
Human fibroblasts and MCF-7 breast cancer cells were subjected to indicated concentrations of M.
armeniacum extracts for 24 hours. Assessment of cell viability was conducted using the MTT assay.
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Figure 1. Effects of aerial parts and bulbs of the M. armeniacum on the viability of human fibroblasts and MCF-7

breast cancer cells. Error bars represent the mean +S.E.M. **p < 0.01 and ****p < 0.0001 compared to control

group.

To determine the ICsp value, four different concentrations (62.5, 125, 250, and 500 pg/mL) of aerial parts
and bulbs of M. armeniacum were applied to human fibroblast cells. The viability of aerial parts was found to be
116.43 +7.55%, 83.38 + 6.17%, 37.29 + 6.44%, and 20.20 + 4.66%, respectively. For bulbs, the viability was 93.87
+ 3.69%, 64.49 + 11.45%, 45.47 + 3.60%, and 41.06 + 3.15%, respectively. As stated in the method, the ICso for
the aerial parts was 239.444 ug/mL, whereas that for the bulbs was 285.903 ug/mL.

After that, 500 pg/mL aerial parts and bulbs of M. armeniacum were applied to human MCF-7 breast
cancer cells, and their viability was evaluated and compared to the control group. The viability of aerial parts was
found to be 118.80 + 6.45%, and for bulbs, it was 451.28 + 33.92%. The study showed that ethanol extracts from
aerial parts and bulbs at a dose of 500 ug/mL do not have any anticancer properties. Additionally, it was
determined that both plant parts had no cytotoxic effect on the normal cell line at the same concentration.
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No detailed biological activity study was found in the literature review regarding the M. armeniacum. However,
various biological activity studies have been carried out on other Muscari species within the same genus.
According to the LC-MS/MS results of the Muscari neglectum Guss. ex Ten plant, the aerial parts ethanol extracts
of the plant contain quinic acid (1.726 pg/g), fumaric acid (5.771 pg/g), gentisic acid (0.138 ug/g), caffeic acid
(0.052 pg/g), kemferol (0.035 pg/g) and apigenin (0.092 ug/g). It was observed that bulbs ethanol extract
contains quinic acid (0.411 pg/g), fumaric acid (1.567 ug/g), caffeic acid (0.619 pg/g) and kemferol (0.300 pg/g)
(Eroglu 2021). In another study, Muscari parviflorum Desf. It has been observed that the plant has antioxidant
activity (Mammadov et al., 2012l), and the Muscari muscarimi plant has potential antiproliferative and apoptotic
activity on cancer cells (Ozay et al., 2021).

In the study conducted by Loizzo et al. (2010) with the Muscari comosum (L.) Mill., it was determined that the
ethanol extract showed the highest DPPH radical scavenging activity. It was also observed that this extract
showed good hypoglycemic activity for a-amylase and a-glucosidase (Casacchia et al., 2017). In the study
conducted by Onaran and Bayram (2018), on the Muscari aucheri (Boiss.) Baker, which grows endemic in Turkey,
the methanol extract from the plant has been shown to have antifungal activity against Fusarium oxysporum f.
sp. cucumerinum, Alternaria solani, Verticillium dahliae, Rhizoctonia solani ve Botrytis cinerea.

In this study, unlike the above studies, petroleum ether, chloroform and ethanol extracts were prepared from
the aerial parts and bulbs of M. armeniacum, using the maceration method. For the first time, our team examined
in detail the antioxidant and antimicrobial activities of different extracts obtained from this plant. Additionally,
no studies have been found in the literature regarding the effects of aerial parts and bulbs on the viability of
human fibroblast cells and the MCF-7 breast cancer cell line. Therefore, in this study, the cytotoxic activities of
different parts were comparatively examined.

CONCLUSION

This study showed that bulbs and aerial parts chloroform extracts had higher antioxidant activity than other
extracts. It was also determined that the bulbs parts of the plant exhibited higher antioxidants activity and total
phenolic compounds than the aerial parts. Aerial parts petroleum ether and bulbs ethanol extracts was found to
have stronger antimicrobial activity than other extracts. The study showed no cytotoxic potential of aerial parts
and bulbs ethanol extracts at a dose of 500 pg/mL on human fibroblasts and MCF-7 breast cancer cell lines. These
findings suggested that the bulbs and aerial parts of the plant could be used as a natural agents of antioxidants
and antimicrobials.
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ABSTRACT

In this study, a classification study was carried out using multi-temporal Sentinel-2 imagery and datasets
generated from different vegetation and spectral indices, and the effects on the classification result were
investigated. As the study area has very fertile soils, suitable climate and temperature conditions and irrigated
land, it is possible to grow more than one crop on the same plot during a production season. Wheat_maize
(winter_wheat+summer_maize), wheat_cotton (winter_wheat+summer_cotton), lentil_cotton
(winter_lentil+summer_cotton), lentil_maize (winter_lentil+summer_maize) are the crops included in the
classification study, except for double crops; maize, cotton, wheat and lentils are also included. Time series of
vegetation indices can be used to capture information on plant phenology and can be used as reference
information in crop classification. Time series curves of different vegetation indices were constructed and
compared for all crops, especially for double crops with the same phenological periods. In addition to the
vegetation indices, the variation of the time series reflectance values of each spectral band was also observed
for all crops and the effect of different indices and bands on the classification result was investigated. The study
generated 16 different data sets using conventional vegetation indices, NDVI, SAVI, EVI and NDRE vegetation
indices and all other bands of the Sentinel-2 satellite except the 60m bands. While single crops with different
time series (maize, cotton, lentil, wheat) had an accuracy of over 90% in each dataset, double crops could not
exceed 81% accuracy by mixing with each other in the DS-5 (R-G-B-NIR) dataset. In the DS-1 (NDVI time series)
dataset, the overall accuracy for double crops is in the range of 84-85%. Classification with DS-2 (NDRE time
series) increased the overall accuracy for double crops to 90%. When comparing the time series reflectance
values of each spectral band for all crop types, except the crop indices, it was observed that the B6 (Red Edge-
2) and B11 (SWIR-1) bands were separated from the other bands and increased the classification result by 2%
when included in the dataset. Especially in the classification studies carried out on products with close
phenological periods, the Red Edge band (especially Red Edge-2) and the indices (NDRE) generated from these
bands will improve the classification result by preventing confusion between classes, and the B11 (SWIR-1)
band also has a positive effect on classification. This study has fully demonstrated the application potential of
red edge bands and the indices constructed from them. It also promotes the use of red edge band optical
satellite data in agricultural remote sensing.

Key words: crop, classification, random forest, sentinel-2, spectral band, vegetation index

Spektral Bantlarin ve Bitki Ortiisii indeks Se¢iminin Tarimsal Uriin Siniflandirmasina
Etkisinin Arastiriimasi (Ozellikle Cift Ekim Yapilan Alanlarda)

0z

Bu c¢alismada, ¢ok zamanli Sentinel-2 goruntileri ile farkl bitki 6rtlisi ve spektral indekslerden
olusturulan veri setleri kullanilarak bir siniflandirma calismasi gerceklestirilmis ve siniflandirma sonucu
Gzerindeki etkileri arastirilmistir. Calisma alani ¢ok verimli topraklara, uygun iklim ve sicaklik kosullarina ve
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sulanan arazilere sahip oldugundan, bir lretim sezonu boyunca ayni parselde birden fazla Grin yetistirmek
mamkindir. Bugday_misir (kishk_bugday+ vyazlik_misir), bugday_pamuk (kislik_bugday+yazlik_pamuk),
mercimek_pamuk (kishk_mercimek+yazlik_pamuk), mercimek_misir (kishk_mercimek+yazlik_misir)
siniflandirma c¢alismasina dahil edilen Grinlerdir, gift Grinler disinda; misir, pamuk, bugday ve mercimek de
dahil edilmistir. Bitki Ortlsl indekslerinin zaman serileri, bitki fenolojisi hakkinda bilgi yakalamak igin
kullaniimakta olup ve Uriin siniflandirmasinda referans bilgi olarak kullanilmaktadir. Farkh bitki ortisi
indekslerinin zaman serisi egrileri olusturulmus ve tiim Urinler igin, 6zellikle de ayni fenolojik dénemlere sahip
¢ift Urlnler igin karsilastirilmistir. Bitki 6rtUsi indekslerine ek olarak, her bir spektral bandin zaman serisi
yansima degerlerinin degisimi de tim Urilnler icin gozlemlenmis ve farkh indeks ve bantlarin siniflandirma
sonucu lzerindeki etkisi arastiriimistir. Calismada geleneksel vejetasyon indeksleri, NDVI, SAVI, EVI ve NDRE
vejetasyon indeksleri ve Sentinel-2 uydusunun 60m bantlari harig¢ diger tim bantlari kullanilarak 16 farkli veri
seti olusturulmustur. Farkli zaman serilerine sahip tek Grinler (misir, pamuk, mercimek, bugday) her veri
setinde %90'in tizerinde dogruluga sahipken, DS-5 (R-G-B-NIR) veri setinde cift trlnler birbirleriyle karistirilarak
%81 dogrulugu gecememistir. DS-1 (NDVI zaman serisi) veri setinde, ¢ift mahsuller i¢in genel dogruluk %84-85
araligindadir. DS-2 (NDRE zaman serisi) ile siniflandirma, ¢ift mahsuller igin genel dogrulugu %90'a ¢ikarmistir.
Uriin indeksleri hari¢ tiim Griin tirleri icin her bir spektral bandin zaman serisi yansima degerleri
karsilastirildiginda, B6 (Red Edge-2) ve B11 (SWIR-1) bantlarinin diger bantlardan ayristig1 ve veri setine dabhil
edildiginde siniflandirma sonucunu %2 oraninda artirdigi gériilmistir. Ozellikle fenolojik dénemleri yakin olan
Uranler Gzerinde yapilan siniflandirma calismalarinda Red Edge bandi (6zellikle Red Edge-2) ve bu bantlardan
uretilen indekslerin (NDRE) siniflar arasi karisikligi onleyerek siniflandirma sonucunu iyilestirecegi, B11 (SWIR-
1) bandinin da siniflandirma tizerinde olumlu etkisi oldugu gorilmustir. Bu galisma, kirmizi kenar bantlarinin ve
bunlardan olusturulan indekslerin uygulama potansiyelini tam olarak ortaya koymustur. Ayrica, kirmizi kenar
bantl optik uydu verilerinin tarimsal uzaktan algilamada kullanimini tesvik etmektedir.

Anahtar kelimeler: bitki, siniflandirma, sentinel-2, spektral bant, rastgele orman, vejetasyon indeksi

INTRODUCTION

Remote sensing has a wide range of applications, from environmental monitoring and climate change
studies to agricultural and geological applications. It has the advantage of providing data at different temporal,
spatial and spectral resolutions. Recent technological developments in Earth observation satellites and the
increasing number of satellites have made access to information on land cover/use, agricultural crop patterns
and changes at local and global scales faster, cheaper and more accessible (Khatami et al. 2016). A notable
example of this progress is the Copernicus programme, which includes Sentinel satellites with different
characteristics. Among these, the Sentinel-2 satellite stands out as a passive sensor satellite. Its wide range of
bands, its ability to provide images with different spatial resolutions and its frequent acquisition intervals are a
significant advantage for monitoring areas with a continuous dynamic structure, such as agriculture.

Satellite imagery allows the observation, identification, mapping and evaluation of dynamic agricultural
areas with at different temporal and spatial resolutions. The most common method used in agricultural crop type
detection with satellite imagery is image classification. Classification accuracy depends on the classification
method used (pixel or object based) and the characteristics of the satellite image (low, medium or high spatial
resolution; multispectral or hyperspectral), as well as the design and characteristics of the training/test data
(number of pixels, statistical distribution of selected samples, etc.) and the selection of the appropriate number
of images and bands (Lu and Weng 2018;Kavzoglu 2009).

Due to the complexity and diversity of crop types and the small spectral differences between different
crops, crop classification using a single time-phased remote sensing image is prone to the phenomena of "same
object with different spectra" and "different objects with the same spectrum", resulting in misclassification and
mixed classification, and the classification accuracy is difficult to improve (Conese and Maselli 1991;Gomez et al.
2016). Agricultural crops are grown in different phenological periods according to crop variety, topography and
climatic conditions, as well as in similar or very close phenological periods. For this reason, it is necessary to use
multi-temporal images in classification studies to detect crops in close or different phenological periods. Crop
type classification studies can be performed from a single image or multiple images, but when applied to time
series images, they have been shown to perform better than single date mapping methods (Gomez et al. 2016).
Time series remote sensing data are widely used in the field of agricultural remote sensing, as they can reflect
differences in the growth status of different crops, show different phenological characteristics, and improve
separability and classification accuracy (Murty et al. 2003;Zhong et al. 2019).
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Tablel. Literature review of crop type classification

Ref. Study area Satellite Feature Method Classses Subject
Beans, beetroot,grass Crop classification using
Kobayashi et al.  Hokkaido, . Spectral bands ! ! ' spectral indices derived
Sentinel-2 L RF maize,potato, .
2020 Japan 91 Vegetation indices wheat from Sentinel-2A
imagery
Wood, orchard,minor
crop, cotton,spring Land Cover and Crop
Kang et al. Hebei, . . maize, winter wheat-  Classification Based on
2021 China sentinel-2 10 Red edge Indices RF summer maize, Red Edge Indices
greenhouses,water Features
body, cities
Comparison of Five
SVM Spectral Indices and Six
stern et al. lowa, Landsat NDIS,NDI7,NDTI, mIA’\:(?_:ST Corn, soybean, other Image.ry Classification
2023 USA STI,NDSVI » soybean, Techniques for
RANDTR Assessment of Crop
SAM Residue Cover Using
Four Years of Landsat
Lower Beetrooot,maize,whe
Pasternak and o . 12 Vegetation indices at,canola The Evaluation of
e Silesian, Sentinel-2 RF
Filipiak 2002 Poland PCA sunflower,potato, Spectral Vegetation
rye Indexes Accuracy of
Crop Type Detection
Using of Multi-Source
and Multi-Temporal
Yangzi Sentine-1 NDVIEVI,TVI, ANN Forest,maize,rape Remote Sensing Data
Sun et al. 2019 China ! Sentinel-2 NDWI,NDTI RF urban ,water,whea,t Improves Crop-Type
Landsat-8 Texture SVM ! ! Mapping in the
Subtropical Agriculture
Region
Accessing the temporal
Heilongjiang . NDVI,PMINDSVI SVM Rice,corn,water, and spectral fea'tures in
Zhang et al. 2020 China Sentinel-2 NDRI.NDTI RF soybean,potato, crop type mapping
! CART beet,forest,building using multi-temporal
Sentinel-2 imagery
Corstaeonionslow Tt dos s
Vuolo 2018 lower, Sentinel-2 Spectral bands RF ! ! )
Austria su.garbeet,sunflower, data '|r'npr.ove crop type
winter cereal classification?
The effect of spectral
band and plant index
Ustlner et al. Aydin . Maize, cotton, soil, selection on crop
2015 Turkiye RapidEye Spectral bands, NDRE  SVM water pattern classification
accuracy: Comparative
analysis
Controlling of product
. . declarations of farmers
simsek et al. anrrtan Plain Landsat NDVI Rule Egse(.:i Wheat, maize,cotton  using remote sensing
2016 Turkiye Classification .
techniques: the Harran
Plain case
Teke and Y. Cetin Hf\rrf—,\n Plain Sentinwl-2 NDVI, SAVLEVI VDTW Maize, cotton Multi-Year YDTW Based
2021 Turkiye Crop Mapping

Additional data (such as texture filters, vegetation indices and digital elevation models) are sometimes
used to improve the distinguishability of the products to be classified, and vegetation indices are one of these
additional data (Song et al. 2015;Kim and Yeom 2015). Specifically, Normalized Difference Vegetation Index
(NDVI), Soil-Adjusted Vegetation Index (SAVI), and Enhanced Vegetation Index (EVI) are used to monitor
vegetation systems or ecological responses to environmental change (Song et al. 2015). Normalized Difference
Red Edge (NDRE), The NDRE index includes a red edge band and plays a very important role in vegetation
monitoring, providing valuable information on plant health, species differentiation, stress detection and other
factors. Its sensitivity to chlorophyll content and reduced susceptibility to atmospheric interference make it a key
component in remote sensing applications for agriculture, forestry and ecosystem monitoring. The use of multi-
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temporal remote sensing data to construct Normalized Difference Vegetation Index (NDVI) and other vegetation
index time series, combined with the seasonal rhythms and phenological differences of different crops, has been
widely used in crop classification, which has improved the accuracy of crop classification (Kang et al. 2021). In
addition to the characteristics of remote sensing data, classification algorithms are important to improve the
classification accuracy of crop maps. Recently, Random Forest (RF) is a widely used machine learning algorithm
consisting of an ensemble of decision trees, and it has been a highly successful machine learning algorithm for
classification and regression methods (Biau and Scornet 2016). Random forest algorithms have been used to map
land cover over large areas using high-resolution satellite imagery time series, with successful results (Pelletier
et al. 2016).

There are many studies in the literature on crop type classification using different satellites, different
indices and bands. In these studies using different algorithms, the effects of different indices and bands on the
classification results have also been investigated and compared Table 1.

Most of the studies in the literature are on single crops. In this study, not only were double crops with
very close phenological periods studied, but also the changes in the temporal curves of these crops in different
vegetation and spectral bands were monitored and compared. The changes in the time series curves of these
crops with close phenological periods and the time curves of different vegetation indices were studied and the
effects of the index data causing these changes on the classification result were investigated. In addition to the
index data, the effect of the spectral bands on the classification accuracy was also investigated.

STUDY AREA AND MATERIALS

Study Area

The study area was located in the Harran Plain, Sanhurfa, Turkey (36° 47'-39° 15' E, 36° 40' 37° 41' N) at
an altitude between 350 and 500m (Fig.1). The Harran Plain, with a total area of 225,000 ha, is the third largest
plain in Turkey and has great agricultural potential. The Harran Plain has a continental climate with mild winters
and high summer temperatures. These climate and temperature conditions, together with the increase in
irrigated areas in recent years, have led to the cultivation of double crops (two types of crops: wheat_maize
(winter_wheat + summer_maize), wheat_cotton (winter_wheat + summer_cotton), lentil_cotton (winter_lentil
+ summer_cotton), lentil_maize (winter_lentil+summer_maize), during the production season (Bozkurt and
Aybek 2016). The main crops grown in the region, including wheat, barley, lentil, cotton and maize, cover 95%
of the Harran Plain. As these products are not homogeneously distributed within the boundaries of the plain,
and considering the plain as a whole, the study area includes the boundaries of the plain.
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Fig.1. Study area
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Sentinel-2

Sentinel-2A and Sentinel-2B are constellation satellites launched by the European Space Agency (ESA)
under the European Commission's (EC) Copernicus programme. Each identical satellite is equipped with a
multispectral sensor covering 13 spectral bands with a spatial resolution of 10 m to 60 m and a radiometric
resolution of 12 bits. Sentinel-2A was launched in June 2015, followed by Sentinel-2B in March 2017. Information
on the spectral bands and reflectance values of the Sentinel-2 satellite images is given in Table 2.

Table2. Spectral bands of Sentnel-2 images

Description Bands Wavelength (um) Resolution (m)
Aerosol B1 458-523 60
Blue B2 458-523 10
Green B3 543-578 10
Red B4 650-680 10
Red-Edge-1 B5 698-713 20
Red-Edge-2 B6 733-748 20
Red-Edge-3 B7 773-793 20
NIR B8 785-900 10
Veg. Red Edge B8a 885-875 10
Water Vapour B9 935-955 60
Cirrus B10 1360-1390 60
SWIR-1 B11 1565-1655 20
SWIR-2 B12 2100-2280 20

All bands except B1-B9-B10 were used in this study. However, the three atmospheric bands were not
used in this study as they are mainly used for atmospheric corrections and cloud screening. (Drusch et al. 2012).
The fact that Sentinel-2 imagery contains a large number of spectral bands, and in particular has a temporal
resolution of 5 days, provides a significant advantage for monitoring agricultural areas, detecting crop patterns
and analyzing changes. (Simsek and Durduran 2023). As the study area is predominantly covered by crops with
closely aligned phenological periods, 23 observations were made by Sentinel-2A between March and September
2016. After June, the selected images were cloud-free, while before June, images with a low cloud fraction were
selected and cloudy areas were detected and masked. The acquisition dates of the Sentinel-2 satellite images
are shown in Table 3.

Table 3. Acquisition time of Sentinel-2

Day of Year (DOY) Acquisition Time Day of Year (DOY) Acquisition Time

37 29 March 2022 212 29 March 2022

57 5 April 2022 220 5 April 2022
87 5 May 2022 230 5 May 2022
102 20 May 2022 240 20 May 2022
117 6 June 2022 252 6 June 2022
132 14 July 2022 262 14 July 2022
152 11 August 2022 272 11 August 2022
167 7 September 2022 282 7 September 2022
177 2 October 2022 292 2 October 2022
192 17 October 2022 317 17 October 2022
202 27 October 2022 302 27 October 2022

Ground Truth Data
Two field studies were carried out in April for wheat, barley and lentil crops and in August for maize and
cotton crops. Given the large area of the plain (225,000 ha), the number of samples could not reach the desired
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level due to time and cost constraints. In addition to field data, parcels declared by farmers were used as ground
truth data in the study. 3145 agricultural parcels (cotton: 610, maize: 105, lentil: 340, wheat: 520, lentil_maize:
250, lentil_cotton: 380, wheat_maize: 413, wheat_cotton: 527) were used in the classification study.

The Farmer Declaration Parcels (FDP) in Turkey, also known as the Farmer Registration System (FRS), is
a government initiative aimed at registering and tracking agricultural activities and farmers in the country
(Aydogdu et al. 2011). This system was introduced to improve the efficiency and transparency of agricultural
practices and to provide various benefits to registered farmers. The FRS requires farmers to register themselves
and their farming activities. This registration process involves providing personal information and details of the
land they farm. The parcels of agricultural activity registered by farmers in the system are called FDPs. In addition
to the geometric information of the parcels, the system also contains information on the province, district, parcel
number, agricultural parcel number, information on the products grown, area, surface, cadastral area, date of
cultivation and date of harvest of each parcel. (Simsek and Durduran 2023). When the FDPs were examined, it
was found that there were systematic and non-systematic differences between the geometry and attribute
information of the parcels and the parcels in the field. Because of these differences, a number of processing steps
were applied to the FDPs, and at the end of these steps, ground truth data were produced from the FDPs and
used in the classification study together with the data collected in the field. The agricultural calendar for the
crops grown in the plain was obtained and is presented graphically (Fig. 3.). The calendar provides information
on the sowing, growing, dense vegetation and harvesting periods of crops grown in the region. The exact dates
of sowing and harvesting vary between plots and farmers. In some cases, there may be a difference of up to 1-3
weeks between the categorized crops; wheat and barley crops are included in the wheat class.

Cotton

Maize
Wheat

Lentil
Wheat_Maize

Lentil_Maize
Wheat_Cotton

Lentil_Cotton

October - December January - March April - June July - September October - December

| Preparation Sowing - Growing - Dense Vegetation - Harvesting

Fig.3. Approximate crop calendar in the region.

Post Harvest

Looking at the phenological period of the crops, it is observed that maize and cotton are separated from
each other with a dense vegetation stage, while wheat and lentil are in close phenological stages. It was observed
that double crops (wheat_maize, lentil_maize, wheat_cotton, lentil_cotton) were in close phenological stages.
The calendar shows that the phenological periods of both single and double crops are very close and different
indices and bands should be used to distinguish these crops in the classification study.

METHODOLOGY

General Architecture Overview

After acquiring 23 Sentinel-2 images, the cloudy areas and the shadow areas caused by the clouds were
masked. The bands were resampled from 20 m to 10 m. Four different spectral indices were calculated for each
Sentinel-2 image, and spectral curves were created for each crop by overlapped these indices with ground truth
data. The spectral index curves and spectral bands were then compared for each crop type. Classification studies
using the RF algorithm were carried out with different datasets generated from different indices and bands, and
the effect of bands and indices on the classification results was compared. Fig. 4. shows the flowchart used in
this study.
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Fig.4. Workflow of study

Satellite Image Processing

In data processing, no further geometric correction of the L1C products is required, only atmospheric
correction and spatial resolution resampling. (Zheng et al. 2007). Sentinel-2 images are provided in Level 1C
format and contain above-atmospheric reflectance values. To calculate the actual reflectance values of plants in
a classification study, top-of-atmosphere (TOA) values should be converted to bottom-of-atmosphere (BOA)
reflectance values (Wilm 2017). Atmospheric effects were eliminated by converting TOA values to BOA values
using the Sen2cor plugin. After Sen2Cor processing, the L1C TOA reflectance values were converted to Level 2A
(L2A) BOA reflectance values (Wilm et al. 2013). The conversion of Sentinel-2 data from L1C to L2A improves the
accuracy of derived vegetation indices such as NDVI by accounting for atmospheric effects, ensuring that
observed changes in NDVI and other indices are more closely related to actual variations in vegetation health.
Clouds and cloud shadows in satellite imagery are the main sources of noise that cause problems in image
analysis (Kalkan and Maktav 2016). Brightness caused by clouds and shadows can affect data analysis and lead
to changes in NDVI and other indices. (Zhu and Woodcook 2012). Cloud-covered areas cause anomalies in the
image bands as well as in the pixel values of the indices created from these bands, which adversely affects the
classification results (Karslen et al. 2021). To eliminate this situation, clouds and shadow areas caused by clouds
have been detected and masked by the Sen2core software (Fig.5.) . The cloud screening and classification part
of Sen2Cor is available as source code in the distributed (Skakun et al. 2022). Potentially cloudy pixels are
subjected to a series of filters based on spectral band thresholds, ratios and index calculations - Normalized
Difference Snow Index (NDSI). After atmospheric correction and cloud masking, B5-B7-B8a-B11-B12 were

resampled from 20m to 10m.
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Fig.5. Cloud detection and masking.

Vegetation Indices and Spectral Band Analysis

As can be seen from the phenological calendar in Figure 3, the single and double crops in the study area
have very close phenological periods. The seasonal rhythm and phenological characteristics of different crops
can be reflected by the difference in the spectrum or vegetation index of multi-temporal remote sensing data
(Gomez et al. 2016). NDVI is widely used for crop type identification (Gumma et al. 2020). The NDVI index
provides information on plant health and development (Morsy and Hadi 2022). In order to see this phenological
closeness on a crop by crop basis, time series NDVI plots were first created. Each plot was overlapped with multi-
temporal NDVI images and the median NDVI values of each plot in the time series were calculated. After this
process, the vegetative development and change of each plot was determined and the characteristics of the
NDVI curves showing the variability over time were revealed. The characteristic NDVI curves for each crop were
checked against the phenological calendar and the spectral reflectance values of each crop collected during the
field study. When analysing the NDVI time series curves of each crop, it can be seen that lentils and wheat, which
are winter crops, are separated from each other, while maize and cotton, which are summer crops, show new
different time curves (Fig. 6). With the NDVI index, these four crops (lentil, wheat, maize, cotton) have different
reflectance values on the same dates and their temporal curves are separated from each other. Therefore, no
studies have been carried out with different vegetation indices in single crops.
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Fig.6. NDVI times series of single crops

When analyzing the NDVI time series curves, wheat_maize-wheat_cotton crops and lentil_maize-
lentil_cotton crops differ from each other between day 57. and day 132. However due to the later sowing of
lentil, but it can be seen that the reflectance values for all crop types are very close to each other between day
220. and day 317. Fig 7.
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Fig.7. NDVI time series of double crops
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It was observed that the NDVI time series curves were similar for both crops, especially in the second
period of the year. The effect of different vegetation indices on the time series curves of the crops and the
classification results were investigated in this study. There are nearly 100 vegetation indices in the literature. In
this study, NDVI, NDRE, SAVI and NDRE indices, which are traditional vegetation indices, were used Table 4.

Table 4. Acquisition time of Sentinel-2

Spectral Full Name Formula Description Reference
Index
Normalized Commonly used for assessing Tucker
NDVI Difference (NIR - R)/(NIR +R) overall vegetation health and
) . 1979
Vegetation Index density
Similar to NDVI but designed to
L ' heri
Enhanced 25%(NIR-R)/(NIR + 6¥R-  mmize atmOspREriC ), ete et
EVI L * influences and improve
vegetation index 7.5*%B+1) o . . . al. 2002
sensitivity in high biomass
regions
. . Designed to minimize soil
Soil-Adjusted N . . Huete
SAVI Vegetation Index (NIR-R)/(NIR+R+L)*(1+L) backgrqunc! influences in the 1988
vegetation index
Normalized Particularly sensitive to changes
. (NIR —Redge2)/(NIR + in chlorophyll content, making it ~ Barnes
NDRE Difference Red .
Edge Redge2) valuable for detecting early 2000

signs of stress

Comparing the NDVI, SAVI and NDRE time series curves of lentil_maize and lentil_cotton, it is observed
that the curves are close to each other as in the case of NDVI, this is also the case for wheat_maize and
wheat_cotton. It was observed that the SAVI index did not change in relation to the NDVI index. As a result of
the EVIindex, the time series curves for four crops show some separation compared to the SAVI and NDVI indices.
When analyzing the time series curves of the NDRE index, it can be seen that the curves for the two crops
wheat_maize-wheat_cotton and lentil_maize-lentil_cotton are more separated compared to the other indices
Fig. 8. In summary, the NDRE index values performed better than other indices in separating the time series
curves of crops.

In addition to observing the changes in the time series curves of crops with different vegetation indices,
the study also analysed the time series reflectance values of each spectral band for all crop types. Comparing the
time series reflectance values of each spectral band for all crop types, it is seen that the B6 (Red Edge-2) and B11
(SWIR-1) bands are separated from the other bands Fig 9.
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Fig.8. NDVI-EVI-SAVI-NDRE time series also were analyzed for double crops
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Fig.9. Reflectance values of different spectral bands for double crop type as time series.

Different datasets were generated using 4 different vegetation indices and 10 spectral bands Table 5.
Classification studies were performed on these datasets and the results were compared. It was also investigated
if the indices and bands that create time series curve differences in the generated datasets affect the
classification result.
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Table 5. Data sets and number of bands

Number Number

Data Set Features of bands Data Set Features of bands
Data Set (DS-1) NDVI 21 Data Set (DS-9) (4BAND)-EVI 105
Data Set (DS-2) NDRE 21 Data Set (DS-10) (4 BAND)-B6-B11 126
Data Set (DS-3) SAVI 21 Data Set (DS-11) (4 BAND)-B6-B11-NDRE 147

B2-B3-B4-B5-B6-B7-B8-
Data Set (DS-4) EVI 21 Data Set (DS-12) B8A-B11-B12 (10 BAND) 210
B2-B3-B4-B8

Data Set (DS-5) (4BAND) 84 Data Set (DS-13) (10 BAND)-NDVI 231
Data Set (DS-6) (4BAND)-NDVI 105 Data Set (DS-14) (10 BAND)-NDRE 231
Data Set (DS-7) (4BAND)-SAVI 105 Data Set (DS-15) (10 BAND)-SAVI 231
Data Set (DS-8) (4BAND)-NDRE 105 Data Set (DS-16) (10 BAND)-EVI 231

Classification Using Random Forest

Random Forest (RF) is a combinatorial ensemble learning classification technique. RF is an improved
algorithm based on an ensemble learning technique that builds multiple CARTs. (Breiman 2001) In fact, RF has
been very successful as a general purpose classification and regression method (Biau and Scornet 2016). RF fits
many classification trees to training data sets and then combines the predictions of all the trees to make a final
decision. RF is an ensemble classifier that is currently widely used in remote sensing studies due to its
classification accuracy (Belgiu and Dragut 2016). Higher accuracies have been achieved with RF compared to
other machine learning algorithms in many crop mapping studies (Tatsumi et al. 2015). RF is known to work
efficiently on large datasets with a large number of input variables to estimate which variables are significant in
the classification process, and is relatively robust to noise and outliers. 44 many examples of the use of this
algorithm can be found in the literature (Feng et al. 2019).

Hyperparameter optimization is the process of finding the optimal combination of parameters for a
machine-learning algorithm according to specified success criteria. Hyperparameter optimization aims to achieve
a balance between overlearning and under learning by balancing high model success and model complexity. The
original RF has two hyperparameters including the number of trees (ntree) and the number of variables used to
partition the nodes (mtry). Several studies have shown that satisfactory results can be achieved with the default
parameters (Zhang and Roy 2017). In this study, to find the optimal RF model for classification, a range of values
for both parameters were tested and evaluated using the grid search method for each dataset: ntree = 100, 200,
400, 600,800,1000; mtry = 1:20 Table 6.

After determining the optimal parameters of the algorithm to be used in the classification process, the
k-fold cross-validation method is used. K-fold cross-validation allows to see whether the high performance of the
model is random or not. In this method, the data set is divided into k parts and k-1 subset is used to train the
model and the remaining subset is used to calculate the accuracy of the model. The process is repeated k times,
each time using different pieces of training and test data. The average of the accuracy values obtained represents
the accuracy of the model, and in this study the k value is taken as 5 (Kohavi 1995).

Table 6. Hyper parameter values for different data sets

Number of

Data Set bands Ntree Mtry
Data Set (DS: 1-4) 21 100

Data Set (DS-5) 84 200

Data Set (DS: 6-9) 105 200 10
Data Set (DS-10) 126 400 11
Data Set (DS-11) 147 400 12
Data Set (DS-12) 210 800 14
Data Set (DS: 13-16) 231 800 15
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Fig.10. Classification result produced with DS-16 dataset
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RESULTS AND DISCUSSION

In order to assess the accuracy of classification performance, a number of metrics are available in the
literature. In this study, the following metrics were employed for the assessment of classification accuracy:
precision (PA), recall (UA), accuracy (OA), and the F1 score. These results are presented in Table 7.

PA (Producer Accuracy): The ratio of correctly predicted positive observations to the total predicted positives. It
measures the model's ability to correctly identify positive instances among the instances it predicted as positive.
) PA: TP/(TP+FN). ) .

UA (User Accuracy): The ratio of correctly predicted positive observations to the total actual positives. It
measures the model's ability to correctly identify positive instances.

UA: TP/(TP+FP)
OA (Overall Accuracy): The ratio of correctly predicted instances (both positive and negative) to the total
instances. It provides a general measure of the model's correctness.

OA: (TP+TN)/N
F1 Score: The harmonic mean of precision and recall. It provides a balance between precision and recall,
especially useful when dealing with imbalanced datasets.

F1:2xUAXPA / (UA+PA)

These classification accuracy indicators can be used to reflect the overall classification accuracy and

specific type identification accuracy of remote sensing images from different perspectives. (Congatol, 1991).

Table 7. Accuracy assessment for all data sets

Crop Type

PA UAF1 DS-1 DS-2 DS-3 DS-4 DS-5 DS-6 DS-7 DS-8 DS-9 DS-10 DS-11 DS-12 DS-13 DS-14 DS-15 DS-16
93.3 93.6 92.8 94.8 93.2 925 93.1 959 93.8 91.2 931 928 942 946 925 9338
Cotton 90.9 934 91.8 92.7 94.2 93.8 939 906 93.2 950 93.0 934 934 93.7 939 939
92.1 93.5 93.8 93.7 92.2 93.1 935 935 935 931 93.0 93.1 938 941 932 939
93.3 934 914 95.1 93.1 93,5 95.0 93.0 944 922 957 933 940 946 944 945
Maize 93.4 93.0 91.8 929 91.2 93.0 93.1 934 940 937 924 931 941 940 951 949
93.3 93.2 91.6 940 92.1 934 94.1 93.2 942 929 94.0 932 941 0943 94.7 947
89.9 91.8 88.6 90.7 87.6 925 924 948 928 899 913 906 935 924 929 926
Wheat 95.2 93.6 93.8 939 91.0 929 93.7 90.1 929 886 935 89.7 934 0934 920 934
924 92.7 91.1 923 89.3 92.7 93.1 924 928 89.2 924 902 929 929 924 9238
90.3 92.6 90.5 919 88.1 92.3 923 943 928 89.0 935 909 925 938 929 93.0
Lentil 95.2 93.2 93.2 91.8 92.2 929 939 909 92.7 894 924 905 93.3 93.0 925 936
92.7 929 91.8 919 90.1 92.6 93.1 925 928 89.2 929 90.7 929 934 92.7 933
88.1 89.2 824 86.6 77.2 86.2 91.0 846 879 837 920 835 874 937 893 90.2
Wheat_ 81.0 90.1 86.1 86.0 85.7 84.0 90.2 8.9 875 844 932 847 870 933 88.2 90.0
Cotton 84.3 89.6 84.2 86.3 81.2 85.1 90.6 852 87.7 84.0 926 841 87.2 935 887 90.1
82.2 89.3 82.0 8.9 78.7 85.0 92.1 88.1 883 838 92.7 851 895 927 875 910
Wheat_ 88.1 90.5 87.1 87.6 829 87.0 89.3 837 881 855 913 856 86.7 933 90.0 89.0
Maize 85.0 89.9 84.5 86.7 80.7 86.0 90.7 858 88.2 84.6 92.0 853 881 93.0 88.7 90.0
87.1 91.1 86.5 85.1 859 86.5 909 831 871 84.1 899 851 885 929 88.1 887
Lentil_ 824 89.0 859 874 784 86.1 89.8 844 877 856 913 857 879 928 87.7 90.8
Cotton 84.7 90.1 86.2 86.2 82.0 86.3 92.1 8.2 874 848 906 854 882 929 879 89.6
86.1 89.2 81.3 85.1 859 854 90.5 878 872 843 913 86.1 89.1 93.1 86.5 894
Lentil_ 82.0 89.6 86.1 85.0 779 850 913 823 873 853 918 839 872 928 873 8938
Maize 84.0 89.4 83.6 85.0 81.7 852 909 8.0 872 848 915 850 881 929 86.9 89.6
Non- 96.3 95.8 964 96.4 95.8 95.2 97.2 968 964 959 972 949 950 97.1 98.2 95.0
Agriculture 96.5 95.0 959 95.6 959 984 958 96.2 96.0 945 970 953 954 97.0 948 978
96.4 954 96.1 96.0 959 96.8 96.5 96.5 96.2 951 97.1 951 952 97.1 96.5 965
Overall Accuracy 887 90.0 87.0 89.0 864 89.2 912 882 90.0 90.5 934 908 921 948 912 929

PA (%): Procuder Accuracy UA (%): User Accuracy F1 Score

In the analysis of wheat and lentil crops, an accuracy of 90% or higher was observed across 16 datasets.
The DS-3 dataset yielded the lowest accuracy, while the highest accuracies were obtained with the DS-7 and DS-
14 datasets. Notably, the classification results for DS-5 and DS-10 were indistinguishable. The distinct spectral
separation curves of wheat and lentil facilitated high classification accuracy across all datasets. Similarly, for
maize and cotton crops, an accuracy of 90% or higher was achieved in 16 datasets. The DS-5 dataset produced
the lowest accuracy for cotton, whereas the DS-14 dataset had the highest accuracy for both cotton and maize.
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The unique time series curves of maize and cotton, akin to those of wheat and lentil, resulted in high accuracy
across all datasets. However, it was observed that increasing the number of spectral bands did not significantly
enhance accuracy for these crop classes

The DS-5 dataset, with an accuracy range of 81-82%, provides the lowest accuracy for all double crops,
while the DS-14 dataset achieves the highest accuracy at 94.8%. It is notable that the DS-2 dataset, which
incorporates NDRE values, offers higher accuracy compared to datasets utilizing other indices (DS-1, DS-3, DS-4).
This increased accuracy is attributed to the superior performance of the NDRE index in distinguishing the time
series curves of the crops. Despite this, double crops remained with low accuracy in the DS-5 dataset (81-82%),
and in the DS-12 dataset (84-85%), where accuracy improved by approximately 3%, but still remained
inadequate, as depicted in Fig. 11.

OVERALL ACCURACY
10BAND+EVI (DS-16) 92.88 ]
10BAND+SAVI (DS-15) 91.24]
10BAND+NDRE (DS-14) 94.77 ]
10BAND+NDVI (DS-13) 92.14]
10 BAND (DS-12) 90.78 |
4BAND+B6+B11+NDRE (DS-11) 93.39
4BAND+B6+B11 (DS-10) 90.67
4BAND+NDRE (DS-7) 91.24]
4BAND+EVI (DS-9) 89.97 |
4BAND+NDVI (DS-6) 89.16 |
4BAND+SAVI (DS-8) 88.21]
4BAND (DS-5) 86.43
NDRE (DS-2) 90.04]
EVI (DS-4) 89.01]
NDVI (DS-1) 88.75 |
SAVI (DS-3) 87.02 |
80.00 82.00 84.00 86.00 88.00 90.00 92.00 94.00 96.00

Fig.11. Overall accuracy for all data sets

Figure 11 reveals that the lowest overall accuracy values are observed in the DS-5 (86.4%) and DS-3
(87.02%) datasets, while the highest accuracy is recorded in the DS-14 dataset (94.77%). A comparison between
the DS-7 (91.24%) and DS-14 (94.77%) datasets shows an approximate 3% increase in accuracy. Similarly,
comparing DS-7 (91.24%) with DS-11 (93.39%) indicates that bands 6 and 11, which are distinct from other bands
across all products, contribute to a 2% increase in accuracy. The results of DS-11 (93.39%) and DS-14 (94.77%)
are also closely aligned. Datasets containing the NDRE index (DS-2, DS-7, DS-11, DS-14) and those with 10 bands
(DS-12, DS-13, DS-14, DS-15, DS-16) consistently achieve accuracy values above 90%. Comparing the DS-5 (81-
82%) dataset with the DS-2 (89-90%) dataset reveals an 8% improvement in accuracy for double crops,
highlighting the NDRE index's ability to enhance classification results for crops with similar phenological stages.
When DS-2 is compared with DS-7, it is evident that the addition of the +4 band in the NDRE dataset does not
significantly impact classification accuracy for either double crops or overall accuracy. Further, a comparison of
DS-7 (91%) with DS-11 (92%) demonstrates that bands 6 and 11 marginally improve the classification accuracy
of double crops. For crops with similar time series, datasets with only 4 bands (DS-5) and those with only 10
bands (DS-12) did not achieve high classification accuracy for crops with close phenological stages.It is observed
that datasets containing the NDRE index, which outperforms other indices in distinguishing the time series curves
of crops, improve overall accuracy by 2-3% compared to other datasets. Additionally, the inclusion of the 6th and
11th bands in these datasets further increases accuracy by 2%. The most significant contributor to this accuracy
improvement is Band 6 (Red Edge-2), which is also integral to the NDRE index.

When analyzing the classification results, the impact of appropriate spectral band selection—a key
parameter influencing classification accuracy—is clearly evident, with accuracy varying depending on the dataset
used. Datasets incorporating the B6 band and NDRE indices notably enhance classification outcomes. Ustiiner et
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al. (2014) utilized RapidEye imagery to classify maize and cotton crops with NDVI, GNDVI, and NDRE indices,
finding that the highest accuracy was achieved with the dataset containing the NDRE index, which uses the Red
Edge and NIR bands. These findings align closely with the results of this study. Similarly, Kobayashi et al. (2020)
conducted a classification study using Sentinel-2 imagery for potato, wheat, maize, grass, beans, and beetroot
crops. They generated spectral curves for the reflectance values of each crop across 10 bands (excluding the 60m
bands) in the B2-B12 range. Analysis of these curves revealed that crops were distinctly separated in B6, B7, BS,
and B8a, with Band 11 particularly effective in differentiating wheat from other crops. This study further
underscores that including the B11 (SWIR-1) band, despite its 60m resolution, improves classification accuracy.
These findings collectively emphasize the critical importance of selecting appropriate spectral bands and indices
in the classification process.

CONCLUSION

This study investigated the effect of vegetation indices and spectral bands on the classification of
agricultural crops. Time series curves of classes with different vegetation indices were generated and compared,
and time series reflectance values of each spectral band were also observed for all crops. The study shows the
importance of time series curves (phenological period) generated from multi-temporal images of crops. In the
time series curves generated with different vegetation indices, it was found that the crops that differ (with a
unique curve) have a high accuracy value with optimal data sets, while increasing the number of features and
bands in the input data set has almost no effect on the accuracy value of these crops. For crops with very close
phenological periods, indices that reveal the difference between the time series curves (NDRE-EVI) were found
to increase the classification result. When comparing the time series reflectance values of each spectral band for
all crop types, except the crop indices, it was observed that the B6 (Red Edge-2) and B11 (SWIR-1) bands were
separated from the other bands and increased the classification result by 2% when included in the dataset. This
result showed that B6 (Red Edge-2) and B11 (SWIR-1) bands should be used in agricultural crop type classification
studies, especially for crops covering close phenological stages. In particular, for classification studies carried out
in large working areas such as this one, by determining the bands with indices that separate the time series
curves of the crops, the bands and indices that will give the highest accuracy as a result of the classification can
be determined and time can be saved by obtaining maximum accuracy with minimum data in classification
studies. Future studies will extend the scope of the study by using different algorithms for different crop indices,
different crop types and different study areas.
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oz

Bu calisma, Canakkale ili Yenice ilgesinde faaliyet gosteren sit sigircihgi isletmelerinin mevcut durumunu
ve isletmelerdeki bakim-besleme uygulamalarini belirlemek amaciyla yuritilmustir. Calismanin ana materyalini,
Canakkale ili Yenice ilgesinde bulunan sut sigirciligi isletmelerinde Ureticilerle yapilan anketler olusturmustur.
Anketler, toplam 783 adet isletmeden 6rnekleme yolu ile belirlenen 238 adet isletme Uzerinde yapilmistir. Elde
edilen bulgulara gore, yetistiricilerin yaslarinin 26-66 arasinda degistigi ve ortalamasinin 49,5 oldugu, yetistiricilik
yapma siiresinin ise 2-51 yil arasinda degistigi ve ortalamasinin 25,8 yil oldugu belirlenmistir. incelenen
isletmelerdeki sagmal inek sayisinin 6 ile 24 bas arasinda degistigi ve ortalamasinin 10,90 bas oldugu, toplam sigir
sayisinin ise 12 ile 28 bas arasinda degistigi ve ortalamasinin ise 18,28 bas oldugu belirlenmistir. isletmelerde siit
sigircihginin genel olarak kendi Gretimleri olan Siyah Alaca irkiyla yapildigi saptanmistir. Sigir basina elde edilen
glinliik siit veriminin ortalamasinin 17.77 It oldugu belirlenmistir. incelenen isletmelerin %72,7’sinde kesif yemin
yapilmadigi, %24,4’iinde kesif yemin isletmede ve %2,9’unun isletme disinda yapildigi saptanmistir. isletmelerde
hayvanlarin %87’sinin karisik, %13’lniin ise bireysel yemlendigi tesbit edilmistir. Hayvanlarin meraya ¢ikarilma
orani %21,8 iken, meraya cikarilmama orani %78,2 olarak belirlenmistir. isletmelerin tamamina yakininda
yemlemenin sabah ve aksam saatlerinde yapildigi saptanmistir. Sonug¢ olarak, incelenen isletmelerde
yetistiricilerin stt sigirlarinin bakim ve beslenmeleri konularinda bazi eksikliklerinin oldugu, bu eksikliklerin
giderilmesinin gerekli oldugu anlasilmigtir. Bu amagla, 6zellikle birliklerin ve kooperatiflerin Ureticilere verecegi
egitimlerin isletmelerdeki verimliliginin artirilmasi agisindan dnemli katkilari olacaktir.

Anahtar kelimeler: : Canakkale, Yenice, st sigirciligi isletmeleri, Uretici, bakim-besleme, yemleme, siit liretimi

Structural Properties and Problems of Dairy Cattle Farms in Canakkale-Yenice

ABSTRACT

This study was conducted to determine the current situation and care-feeding practices in dairy farms
in Canakkale-Yenice. The main material of the study consisted of surveys conducted with producers in dairy farms
in Yenice. The surveys were conducted on 238 businesses determined by sampling from a total of 783 businesses.
The ages of the breeders vary between 26-66 years (average 49.5 years), and their years of cattle breeding vary
between 2-51 years (average 25.8 years). In the examined dairy farms, the number of dairy cows was determined
as 6-24 heads (average 10.90 heads), and the total number of cattle was 12-28 heads (average 18.28 heads). It
has been determined that dairy cattle breeding in the farms is generally done with their own breeding Holsteins.
The average milk yield was calculated as 17.77 liters per cattle per day Concentrated feed is not made in 72.7%
of the farms, it is made in 24.4% and it is made outside the farm in 2.9%. 87% of the animals on farms are fed at
the group level, and 13% are fed individually. While the rate of animals being taken to pasture was 21.8%, the
rate of not being taken to pasture was determined as 78.2%. In almost all farms, animals are fed in the morning
and evening. As a result, it was understood that the breeders in the farms examined had some deficiencies in the
care and nutrition of dairy cattle and that these deficiencies needed to be eliminated. For this purpose, the
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training provided to producers, especially by unions and cooperatives, will make significant contributions to
increasing the productivity of the dairy farms.

Key words: Canakkale, Yenice, dairy cattle farms, producers, care and nutrition, feeding, milk production

INTRODUCTION

Dairy cattle farming activity has high importance for agricultural enterprises in terms of many socio-
economic criteria. There are some studies that reveal the structural characteristics and feed usage level of dairy
cattle in Tirkiye (Semerci et al., 2015; Semerci, 2022, 2023; Semerci and Celik, 2023). Because dairy farming
activity brings many advantages for agricultural enterprises.

In Turkiye, dairy cattle farming, which was previously mostly done by family businesses, has been replaced
by large farms in recent years with the support programs provided by the Ministry of Agriculture and Forestry
and the Agriculture and Rural Development Support Institution (USK, 2019). However, despite the support
provided, important problems related to dairy farming still continue. These problems include; inadequate care,
management and feeding for high-yielding culture breeds, very low yields of raised native breeds, high calf losses,
insufficient land for roughage production, milk produced below quality standards, low success in artificial
insemination, low milk prices and high feed costs (Giiltekin, 2014). In order to make the dairy cattle farming
sector more profitable and sustainable, determining, examining and analyzing the existing problems and
proposing solutions will be one of the important steps to be taken. Turkiye's raw milk production in 2023 was
realized as 21.5 million tons depending on animal population and milk yield per animal. The amount of cow milk
collected was 9.7 million tons for 2022. According to TUIK data, the amount of drinking milk production in Tiirkiye
was 1.5 million tons for 2022 (TEPGE, 2023). Since 2010, the number of cattle, production volume and
productivity have increased significantly in Tarkiye. Approximately 99% of the cattle in Tirkiye consists of cattle,
and a large portion of meat and milk production is provided by these animals (Anonymous, 2021). However, 70%
of the approximately 1.2 million cattle farms in Turkiye have 10 or fewer animals (Anonymous, 2018). This
situation shows that cattle farms are below the economic enterprise size and that some structural problems
continue in the sector. Bliylkcan and Tan (2020) reported that 25% of the milk producers in Canakkale are
located in Biga district, the annual milk yield of dairy cattle in the district is at the level of EU countries (4.9 tons),
and the average number of animals in the farms included in their study is below 10 head. Therefore, it is
evaluated that, from a medium-term perspective, national livestock policies will be shaped in terms of reducing
the number of the farms under the economic enterprise size and increasing the enterprise scales. According to
2019 data, Canakkale has a 1.37% share in Tiirkiye's cattle stock, and the districts that stand out in cattle breeding
are Biga, Yenice and Can. In the same year, Canakkale province had a 2.4% share in Tirkiye's cattle milk
production. Canakkale province ranks first in Tirkiye in animal production and productivity. While 84% of the
cattle stock in the province consists of culture, 8% of culture crossbreed and 8% of local breeds, the rate of culture
breed cattle is 68% higher than the Turkish average. While the number of cultured cattle in Canakkale province
continued to increase between 2015 and 2020, the number of cultured hybrids decreased. The number of cattle
is concentrated in two sub-regions in Canakkale province. The first region includes the districts of Biga, Can and
Yenice, and constitutes 57% of the total animal population. The second region is the districts of Ezine, Bayramig
and Ayvacik, known for Ezine cheese, and represents 19% of the total animal population. The number of cattle
is quite limited in the districts of Gok¢eada, Bozcaada and Eceabat. While there are no native breed cattle in the
districts of Bozcaada, Can, Eceabat and Bayramicg, 54% of the province's native cattle are concentrated in the
more mountainous and high altitude regions of Ayvacik and Yenice districts. A decrease in the number of cattle
was observed in the districts of Eceabat, Gelibolu, Ayvacik and Bayramig in the period of 2015-2020. Similarly,
the decrease and stagnation in the number of animals in the Can, Bayramic and Ayvacik districts, where cattle
farming is intensive, is striking. The difficulties experienced in cattle farming cause farmers to withdraw from
animal husbandry or switch to small cattle farming. The correct determination of the technical and economic
efficiency of the farms that constitute the basic stage of animal production constitutes the basic condition of
sustainability. Increasing global competition and the need to reach sustainable markets make it important to
correctly evaluate the performance of these farms.

This study aims to determine the current status of dairy cattle farms operating in the Yenice district of
Canakkale province, their incorrect, deficient and faulty practices and habits regarding care and feeding, and to
identify current problems. The research focuses on the number of animals in dairy cattle farms operating in the
district in question, their productivity levels, the production and use of roughage by the farms, the nutritional
status of the animals, the types of feed used, and the feeding practices applied. Considering that feed costs can
reach up to 70% of all costs in cattle farms, the extent to which feeds are used and the effect of the feeding
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methods applied on profitability are of great importance. Because even the slightest increase in feed costs can
directly affect the milk production cost and negatively affect the profitability of the farm. Therefore, it is
especially important whether the farms meet their own roughage needs. Providing the roughage needs
completely or partially from outside is a critical factor in terms of the profitability of the farms. This study, which
was carried out in the Yenice district of Canakkale province, can make significant contributions to a sustainable
dairy cattle farm in the region.

MATERIAL and METHODS

Material

The main material of this study was the surveys conducted with producers in dairy cattle farms located
in Yenice district of Canakkale province. The surveys were conducted on 238 farms obtained by sampling from
783 farms located in Yenice district of Canakkale province. A survey form containing 46 questions was used as a
data collection tool in order to determine the feeding and breeding habits of producers in dairy cattle farming in
Yenice district of Canakkale province. In the study, survey forms were prepared for producers in order to obtain
the necessary information about feeding practices, feed raw materials used, additives, roughage and concentrate
feed levels in dairy cattle farms in Yenice district of Canakkale province. Considering the scope of the study and
the problems encountered in dairy cattle farming in Yenice district of Canakkale province, care was taken in
preparing the surveys. The majority of the questions in the survey consisted of closed-ended questions. In
addition, various comments, opinions and thoughts of the producers were also taken into account during the
survey. The number of surveys to be applied was calculated with the help of the formula below (Aksoy ve Yavuz,
2012).

Methods
n=(N xt2xpx*q)/(d2+(N-1)+t2*p*q) (1)

n=783x(1,96)2 x0,5x0,5/(0,05)2x(783-1)+(1,96)2x0,5x0,5=238

n: number of individuals to be included in the sample.

N: number of individuals in the target population (783 dairy farms).
p: probability of occurrence of the event under investigation (0.50).
g: probability of occurrence of the event under investigation. (0.50).
t: standard normal distribution value (1.96).

d: sampling error (0.05).

Statistical Analysis

The statistical methods used in data evaluation were selected in line with the objectives of the research. In this
context, independent descriptive statistics such as frequency, percentage, mean and standard deviation, analysis
methods such as ANOVA and Chi-Square test were used. The data collected from the dairy cattle farms were
analyzed through SPSS 22 program and the obtained descriptive statistics and frequency tables were presented.

RESULTS and DISCUSSION
Socio-Economic Status of the Farm Owners

In the examined businesses, it was determined that 33.2% of the growers were between the ages of 46-
55, 30.2% were over the age of 56, 29% were between the ages of 36-45, and 7.6% were between the ages of
25-35. It was determined that the ages of the growers ranged from 26 to 66, and the average was 49.50. The
average age of the growers was reported as 42.2 for Erzincan province (Ozyiirek et al., 2014), 52.3% were
between the ages of 31-40 for Nevsehir province (Sezer et al., 2020), 44.21 for Mus province (Bakir and Kibar,
2019b) and 47.33 for Van province (Terin et al., 2021). In a study conducted by Durak (2021) in Malatya, it was
determined that the majority of dairy farmers were business owners between the ages of 36-45, and their rate
was 42.6%. Among the business owners, the youngest producer was determined to be 25, and the oldest
producer was determined to be 66. In a study conducted by Yildiz (2023) in Van, it was determined that 84.56%
of the participants in the survey were between the ages of 15-50, and the rate of those who received secondary
school education or below was 57.04%. It was determined that 52.1% of the breeders in the businesses were
high school graduates, 24.4% were primary school graduates, 21.8% were secondary school graduates, 1.3%
were literate, and 0.4% were university graduates. In a study conducted in Malatya, the rate of high school
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graduates was reported as 57.3% (Durak, 2021). In studies conducted in Kars, Nevsehir, Rize, Mus, Agr, 1gdir,
Edirne and Van provinces, it was determined that the majority of breeders were primary school graduates (Onal
and Ozder, 2008; Demir et al. 2013; Savas and Yenice 2016; Bakan and Aydin, 2016; Sahin and Karadag Giirsoy,
2016; Sezer et al. 2020; Bakir and Kibar, 2020; Terin et al. 2024). In a study conducted in the Thrace region by
Kog¢ and Uzmay (2019), it was reported that the majority of breeders were secondary school graduates. It can be
said that the education level of dairy cattle operators in Yenice district of Canakkale province is better than the
operators in the previous study. It was determined that 52.9% of the breeders participating in the survey had
been engaged in dairy cattle breeding for 15-30 years, 28.6% for more than 30 years and 18.5% for less than 15
years. It has been determined that the duration of dairy cattle breeding varies between 2 and 51 years and the
average is 25.83 years. The breeding duration was reported as 17.5 years in Malatya by Aygiil and Oztiirk (2012),
71% in Rize as 11-20 years by Savas and Yenice (2016), 25 years in Igdir by Sahin and Karadag Gursoy (2016),
21.22 years in Mus by Bakir and Kibar (2019b), 25.3 years in Samsun by Eryllmaz et al. (2020), 23.06 years in izmir
by Torgut et al. (2019), 24 years in Agri by Bakan and Aydin (2016), 25.92 years in Van by Terin et al. (2022) and
22.2 years in Erzincan by Ozyiirek et al. (2014). It can be said that the findings of the study are similar to the
findings of previous studies. According to the survey results, it was seen that 26.1% of the breeders received
training on cattle breeding, while 73.9% did not. Durak (2021) reported in his study that 86.2% of the breeders
did not receive any training on animal husbandry, while 13.8% received training on this subject. The status of
breeders receiving training on dairy cattle was reported as 11% in Tekirdag province by Soyak et al. (2007), 0%
in Samsun by Eryilmaz et al. (2020), 14.29% in Sivas by Bas Hozman and Akgay (2016) 21.91% in Van (Terin et al.
2022), and 37.1% in Nevsehir by Sezer et al. (2020). It was concluded that the rate of receiving training was quite
high compared to previous studies, but breeders generally did not receive cattle breeding training and
participation in courses and training was low.

Table 1. Socio-demographic characteristics of dairy farm owners.

Age Number Rate (%) Breeding duration Number Rate (%)

25-35 18 7,6 Less than 15 years 44 18,5
36-45 69 29 Between 15-30 years 126 52,9
46-55 79 33,2 More than 30 years 68 28,6
>5,6, 72 30,2 Minimum 2
Minimum 26 .

. Maximum 51
Maximum 66 Average 25,83
Average 49,50 & !

. Whether or not he/she received training in cattle
Educational Status / g

farming

Number Rate (%) Number Rate (%)
Literate 3 1,3 Yes 62 26,1
Primary 58 24,4 No 176 73,9
School
il

Total 238 100

High School 124 52,1 ota
University 1 0,4

Number of Animals in the Dairy Farms, Where the Animals are Supplied, Breeds Used

It was determined that the number of dairy cows in the examined farms varied between 6 and 24 heads
and the average was 10.90 heads, while the total number of cattle varied between 12 and 28 heads and the
average was 18.28 heads (Table 2). The rate of dairy farms with less than 15 dairy cows was determined as 88.6%,
the rate of the farms with 15-20 dairy cows was determined as 10% and the rate of the farms with 20 or more
dairy cows was determined as 1.4% (Table 3). The rate of dairy farms with less than 15 cows was determined as
15.1%, the rate of farms with 15-20 head was determined as 58.9% and the rate of farms with 20 or more head
was determined as 26% (Table 4). In the study conducted by Bakir and Kibar (2019a) in Mus, the average number
of animals per farm was determined as 37.54 heads, minimum 2 and maximum 303 heads (Bakir and Kibar,
2019b). In the study conducted by Bakan and Aydin (2016) in the farms in Agri province, the average number of
cattle was calculated as 19.9 heads. The number of cattle per farm was determined as 23.4 heads in Kars by
Erdogan et al. (2004), 18 heads in Erzurum by Coban et al. (2013) and 23.8 heads in Sivas by Hozman and Akgay
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(2016). In the study conducted by Barut (2020) in Diyarbakir, it was determined that the largest number of
animals belonged to farms with 1-5 heads (%40.10), 6-10 heads (%23.38) and 11-20 heads (%26.65). In the study
conducted by Mat (2020) in Balikesir, the average number of cows per farm was reported as 31 heads.

Table 2. Number of dairy cows and total cattle in the examined farms.

Variables Number of dairy cows Total number of cattle
Mean 10,90 18,28
Standard deviation 3,09 3,55
Minimum 6 12
Maximum 24 28

Table 3. Distribution of the number of dairy cows in the examined farms by groups.

Number of dairy cows Number Rate (%)
Less than 15 heads 211 88,6
15-20 heads 24 10
20 heads and above 3 1,4
Total 238 100,0

Table 4. Distribution of the total number of dairy cows in the examined farms by groups.

Total number of cows Number Rate (%)
Less than 15 heads 36 15,1
15-20 heads 140 58,9
20 heads and above 62 26
Total 238 100,0

In the examined farms, it was determined that 88.2% of the cattle were their own production, 5.5% were
inherited from the family and purchased, and 0.8% were purchased + their own production (Table 5). It was
concluded that there were no inherited cows in the farms with less than 15 cows, and these farms either
produced or purchased the cows themselves. It was determined that farms with 20 or more cows had a high
percentage of their own production cows.

Table 5. Places where cattle were supplied according to the total number of animals.
Where the cows are supplied

Total number of Family Own Purchased +
animals legacy production Purchased own Total
production
Less than 15 heads 0 32 4 0 36
15-20 heads 12 119 7 2 140
20 heads and above 1 59 2 0 62
Number 13 210 13 2 238
Total Rate (%) 5,5 88,2 5,5 0,8 100

The rate of Holstein breed in farms was determined as 31.9%, Holstein crossbreeds as 49.1%, and other
crossbreed genotypes (Simmental and Brown Swiss crossbreeds) as 19%. The reason why Holstein breed and
crossbreeds are the most common in the province can be explained by the agricultural policies implemented,
the genetic structure of the breed, the high milk yield, and the adaptation of the breed to the climate and
geographical conditions of the region, as stated by Atmak (2017). In a study conducted by Atmak (2017), when
the animals registered in the DSYB of Sanliurfa province were listed in terms of breed, it was determined that
Holstein breed had the highest rate with a share of 39.05%, followed by Holstein Crossbreed, Simmental
Crossbreed, and Simmental breeds, respectively. Bakir and Han (2014) reported in their study that one of the
reasons why the rate of culture breeds and crossbreeds in dairy farming is 40% and above is the pregnant heifer
import applied. The distribution of breeds raised in farms in Mus province according to frequency values by Bakir
and Kibar (2019b) was determined as local (41.7%), hybrid (75.3%) and cultured (35.9%). In the study conducted
in Diyarbakir, Barut (2020) reported that 7.77% of the total female calves, female calves, heifers and cows
(milking and dry) raised were local, 15.12% were cultured and 77.09% were hybrid animals. In their study, Kosum
and Kaygisiz (2019) pointed out that the majority of dairy cows in Tirkiye were of the Holstein Friesian breed
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with high milk yield and that the number of Simmental cattle breed was increasing due to its high adaptability.
Sezer et al. (2020) In a study conducted in Nevsehir, when the breeds raised in 105 dairy farms were examined,
it was determined that Holstein was raised together in 50.5% of the farms, and Holstein and Simmental were
raised together in 36.2%. In a study conducted in Bursa by Karaca (2020), it was determined that as the number
of animals in the farms increased, local breeds were replaced by cultured breeds and crossbreeds, and while the
rate of local breeds was 6.3%, the rate of the farms raising only cultured breed cattle was 65%. It was concluded
that pure and crossbreed breeding of Holstein and Simmental breeds was prominent as cultured breeds. In a
study conducted in Afyonkarahisar, it was determined that Holstein, Simmental and Brown Swiss breeds were
present and the Simmental breed was the most commonly preferred (Yildirrm and Kogak 2019). In a study
conducted in Cankiri, it was determined that Holstein and Simmental breeds were preferred by 69% (Yildiz 2013).
In a study conducted by Bakan and Aydin (2016) in Agri, it was reported that the majority of the animal breeds
raised were Brown Swiss (67.78%), followed by local breeds with 11.57%, Simmental with 8.75% and crossbred
with 5.84%. In a study conducted in Mus province, it was reported that 7% of the animals in the farms were local,
15.5% were cultured and the others were crossbred (Bakir and Kibar 2019a). In a study conducted by Tugay and
Bakir (2006) in Giresun, it was determined that 7% of the farms preferred the Simmental, 21.4% the Holstein,
32.4% the Brown Swiss and 39.1% the Jersey breed, and 25.2% of the animals owned were crossbred and 73.2%
were cultured. According to these results, it can be concluded that the breed selection varies according to the
climatic conditions and geographical structure of the region.

Daily Milk Production in Farms, Daily Milk Yield per Animal and Place of Marketing of Milk

While the daily milk quantity in the examined farms was 193.7 It on average, this value was calculated as
179.8 It in the farms with less than 15 milking cows, 288.0 It in the farms with 15-20 cows and 416.6 It in the
farms with 20 or more cows. The average milk quantity obtained per cattle was calculated as 17.23 It in farms
with less than 15 cows, 16.76 It in farms with 15-20 cows and 17.85 It in farms with 20 or more cows. The general
average milk quantity obtained per cattle was calculated as 17.77 It in all the farms (Table 6).

Table 6. Daily milk amount produced in farms and average milk yield per animal.

Number of dairy cows/Variables Less than 15 15-20 20 heads and Total/General
heads heads above

Amount of milk produced daily 179,8+3,2° 288.0+10,9° 416,6172,6° 193,7+4,1

Daily milk amount per animal 17,23+3,2 16,76+5,4 17,85+24,2 17,7713

ab.c; Differences between means shown with different letters in the same row are significant (P<0.05).

Durak (2021) reported in his study that 34.2% of the producers received 11-15 liters of milk per cow per
day. In second place were the farms that obtained 6-10 liters of milk per day (33.3%). The rate of the farms that
produced 16-20 liters of milk per animal per day was determined as 26.4%. The rate of farms that received 5
liters or less of milk per day (2.0%) and the rate of the farms that obtained more than 20 liters of milk (4.1%) are
quite low. It can be said that the differences in milk yields per animal of the farms are due to the difference in
the breeds used. In a study conducted by Savas and Yenice (2016) in Rize province, it was stated that 80.5% of
the farms had a milk yield of 10 liters or less per animal, while 7.4% had less than 20 liters. In a study conducted
by Bakir and Kibar (2019b) in the province of Mus, it was reported that dairy cattle breeders obtained an average
of 10.3 liters of milk per cattle per day, and 50.7% of this amount was between 6-10 kilograms. In a study
examining the daily milk yield per animal in the farms in the province of Yalova, Bakir and Han (2014) reported
that the rate of the farms with a milk amount of 10 kg and below was 33.8%, those with 11-20 kg were 57.9%,
and those with 21 kg and above were 8.3%. In the farms examined, the rate of milk being sold to cooperatives
was determined as 95.8%, the rate of milk being sold to food markets as 2.5%, and the rate of milk being sold to
unions as 1.7%. In the study conducted by Durak (2021), it was determined that 53.7% of the farms sold the milk
they produced to intermediaries. The rate of producers who market their milk themselves + give it to
intermediaries was determined as 27.2%, and the rate of those who give it to food businesses + give it to
intermediaries was determined as 16.7%. The remaining few were determined to give their milk to delicatessens,
markets (2.0%) and milk factories (0.4%). In a study conducted in Agri, it was determined that 15.1% of the farms
gave their milk to milk collectors, 2.8% to dairies and 82.1% were evaluated in other ways (Bakan and Aydin
2016). In the study conducted by Bakir and Kibar (2019a), it was determined that producers in Mus province sold
70.5% of the milk they produced not as milk but by processing it into cheese, yogurt and butter.
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Feed Supply and Feeding Related Practices in the Investigated farms

In the dairy farms examined, the rate of supplying concentrated feed from the factory was 2.5%, the rate
of supplying from the factory+cooperative was 1.3%, the rate of supplying from the cooperative only was 61.3%
and the rate of supplying from the feed dealer was 34.9% (Table 7).

Table 7. Feed supply and feeding practices of dairy farms.
Feeds and feeding practices

Where concentrated feed is supplied Rate Daily amount of feed given to a dairy Rate
(%) cow (%)
Cooperative 61,3 <10 kg 72,2
Feed dealer 34,9 >11 kg 27,8
Factory 2,5 The criterion for determining the
amount of feed given
Factory + Cooperative 1,3 According to milk yield 38.7
Place where concentrated feeds is made Sack calculation 29,8
Concentrated feed not make 72,7 Bucket or can calculation 17,7
On the farm 24,4 Habit 13,0
Outside the farm 2,9 Habit + milk yield 0,8
Where concentrated feed raw materials Provision of roughage requirement
are supplied
Concentrated feed not make 72,7 Own production + buying 87,8
Produces it on its own 10,5 Own production 7,6
Soil Products Office (TMO) 16,8 Buying 4,6

It was determined that 72.7% of the farms did not produce concentrated feed, while 24.4% of the
concentrated feed was produced in the enterprise and 2.9% outside the enterprise. It was determined that 16.8%
of the raw materials required for concentrated feed were supplied by the Soil Products Office, and 10.5% were
produced by the enterprise itself. In the surveys, the amount of feed given to a milking cow was determined as
10 kg and below by 72.2%, and 11 kg and above by 27.8%. It was observed that 38.7% of the breeders took milk
yield into consideration when determining the amount of feed given to the animals, 29.8% made a sack
calculation, 17.7% made a bucket or can calculation, 13% habitually, and 0.8% fed by taking habit + milk yield
into account. In the study conducted by Durak (2021), it was concluded that 48.4% of the farms surveyed took
the productivity of the animals into consideration when giving concentrated feed to their animals, while 44.3%
did so randomly. In a study conducted in Sivas province, it was stated that 60.15% of the farms did not feed
according to productivity (Bas Hozman and Akgay 2016). In a study conducted in Rize province, it was stated that
the majority of the farms fed based on their own knowledge and experience (Savas and Yenice 2016). Eryilmaz
et al (2020) reported that all animals were given the same amount of feed, and Sezer et al (2020) reported that
42% of the feeding in dairy farms in Nevsehir province was done by eye and 38.1% by experience. Soyak et al
(2007) stated that 65% of the farm owners gave more concentrated feed to the animals that gave more milk and
less concentrated feed to the animals that gave less milk, while 35% gave the same amount of concentrated feed
to all animals. Glgercin et al (2017) reported that the amount of feed given per animal in dairy cattle farms in
Adana province was 5-7 kg for calves, 5-10 kg for calves and 10-15 kg for cows. Considering that feeding according
to yield is both more economical and more suitable for animal health, it is important to spread this practice in
the farms. It was determined that 87.8% of the roughage needs of the farms were provided by own production
+ purchasing, 7.6% by own production and 4.6% by purchasing (Table 8). In a study conducted in Malatya, the
rate of producers giving an average of 4-6 kg of concentrate feed per animal per day was determined as 52.9%,
the rate of those giving a concentrate feed in the range of 7-10 kg was determined as 42.4% and the rate of those
giving a concentrate feed in the range of 0-3 kg was determined as 4.9%. It was determined that 22.0% of the
producers gave their animals 5 kg of feed per day, 19.9% 8 kg and 17.9% 6 kg (Durak, 2021). Denli et al (2014)
reported the concentrate feed rates of dairy farms in Diyarbakir as 43% barley+wheat, 15% barley and
bran+barley mixture, 13% wheat, 11% factory feed and 3% other concentrate feeds. In a study comparing dairy
cattle farms in Burdur province, Ata and Yilmaz (2015) reported the average concentrate feed of traditional and
improved farms as 8.04 kg and 9.38 kg, respectively. Bakir (2002) stated that 56.4% of private farms in Van
province gave 1-4 kg, 35.5% gave 5-8 kg, and 13% gave 8.1 kg and more concentrate feed. Arslan and Tufan
(2010) emphasized that incorrect feeding practices can cause various metabolic diseases such as acidosis, ketosis,
hypocalcemia, and fatty liver in cattle. In a study conducted in Malatya, it was determined that producers
generally do not produce the concentrate feed they use themselves and usually buy it from outside. It was
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determined that this feed supply is usually carried out through Agricultural Credit Cooperatives, feed dealers,
and milk intermediaries. It was determined that 31.7% of the producers procure the concentrate feed they need
from cooperatives and feed dealers (Durak, 2021). In studies conducted in Rize and Yalova, it was determined
that all producers purchased their concentrate feeds from abroad (Bakir and Han 2014; Savas and Yenice 2016).

On the other hand, only 10% of the farmers in the Eastern Mediterranean region produce their own
concentrate feed (Boz 2013), while 13% of the farms in Diyarbakir produce their own concentrate feed and only
6% of the farms can produce enough to meet their own needs (Denli et al. 2014). While the rate of farms
producing concentrate feed is 25.6%, the rate of farms producing enough to meet their own needs is determined
as 11.4%. For a profitable dairy farming, it is important for farms to produce their own roughage needs and thus
try to reduce feed costs. In addition, it is also of great importance for farms to be able to produce the concentrate
feed they need or to develop their capacity to increase their current production. Diler et al. (2016) reported that
63% of the farms in Erzurum province purchase roughage, followed by 17% from their own farms and 11% from
rented land. Das et al. (2014) stated that the vast majority of farms in Bingdl province (88.7%), and Kaygisiz and
Timer (2009) stated that a large portion (61%) supplied roughage from outside. In contrast, Demir et al. (2013)
reported that cattle breeders in Kars province largely supplied roughage from their own farms. In the Eyyubiye
district of Sanlurfa province, it was determined that while forage crops were cultivated in 40.2% of the farms
within the scope of the study, it was not cultivated in 59.8%. It was determined that the roughage needs of cattle
breeding farms with sufficient land were met by their own farms (Doganay and Yanar 2023). It was determined
that the cultivation of roughage varieties such as wheat straw, corn, pea, oat, meadow grass, alfalfa and vetch
was intensively carried out in the examined farms. The rate of not cultivating roughage was determined as 1.7%.
In a study conducted by Durak (2021) in Malatya, the most common roughage produced by producers is wheat
straw. 23.6% of the farms produce only wheat straw. In addition, many farms produce other roughages such as
dry alfalfa, vetch, corn and oats in addition to wheat straw. When these farms are taken into account, the rate
of producers producing wheat straw reaches 61.8%. In the same study; when the roughage produced by the
farms surveyed is examined, it was determined that 20.3% of the farms planted dry alfalfa and wheat straw, 13%
corn and dry alfalfa, 12.2% wheat straw and vetch, and 11% dry alfalfa. It was concluded that 13% of the farms
did not produce roughage, and the most important reason for this was that they did not have enough land. In a
study conducted in Igdir province, it was determined that producers produced straw, alfalfa, silage corn and
sainfoin as roughage (Sahin and Karadag Glrsoy 2016). In the study conducted by Sezer et al. (2020), it was
determined that 83.8% of cattle farms in Nevsehir province produced silage, 33.3% produced oats, 36.2%
produced vetch and 96.2% produced straw. In their study conducted in Yalova, Bakir and Han (2014) reported
that the most commonly used roughage mixture in farms was meadow grass + straw.

When the distribution of purchased roughage types in the examined farms was examined, it was
determined that the farms mostly purchased wheat straw and corn silage. It was determined that the products
that were not cultivated in the farms and purchased from outside were barley and beet pulp. The rate of farms
that did not purchase roughage from outside was determined as 2.1%. In their study, Denli et al. (2014) revealed
that 71% of the feeding practice of farms in Diyarbakir was straw. Aygiil and Ozkitiik (2012), in a study they
conducted in dairy cattle farms in the Central, Battalgazi and Dogansehir districts of Malatya province, stated
that 6 kg of straw and an average of 0.759 kg of corn silage were given to the animals daily. Késeman and Seker
(2016) reported that 95.1% of the cattle farms in Malatya province fed their animals alfalfa. In a study conducted
by Durak (2021) in Malatya, corn silage and dry alfalfa are the leading roughages supplied by farms from outside,
with a rate of 35.8%. The rate of farms purchasing corn silage is quite high and this rate reaches 83.7%. 19.5% of
the farms participating in the survey prefer only corn silage, 15.0% prefer wheat straw and corn silage, 12.2%
prefer only wheat straw, and 12.2% prefer a combination of corn silage, dry alfalfa and wheat straw. The vast
majority of enterprise owners within the scope of the survey stated that they do not produce silage, with a rate
of 82.9%. The rate of those producing silage was determined as 17.1%. When compared to preservation methods
other than the artificial drying method, it was stated that preserving feeds as silage prevents the loss of nutrients
(Sahin and Zaman, 2010). According to some studies, 21.4% of the farms in Yalova province by Bakir and Han
(2014), 10% of the farms in Diyarbakir by Denli et al. (2014), and 83.8% of the farms in Nevsehir province by Sezer
et al. (2020) produce silage. However, it was determined that silage production was insufficient in some of the
farms in Yenice district of Canakkale province. In this context, it is extremely important to encourage and
promote silage production in farms. In the study conducted by Bakir and Han (2014) in Yalova, it was determined
that the mixture of meadow grass + straw was the most used roughage in farms and that the farms generally
met their roughage needs by producing them in their own farms or purchasing them from outside. It was
reported that straw was included in all combinations as the basic feed ingredient in farms as roughage, and the
mixture of meadow grass + straw was used the most (42.5%) as a roughage combination in farms, followed by
the mixture of meadow grass + straw + vetch (16.7%). In the study conducted by Diler et al. (2016) in the Hinis
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district of Erzurum province, it was determined that wheat or barley straw (71%) was used as the main feed
source, followed by dry alfalfa hay (14%) and dry meadow hay (11%). It was concluded that silage, which is an
important source of roughage, was used at a very low level (0.25%) in the district. It was determined that 90.8%
of the roughage purchased from outside was purchased from sellers in the market, and 7.1% from producers
who grow roughage. Since there is no land to produce the roughage that farms need, purchasing roughage is
seen as an important problem of dairy farming in Tirkiye (Gultekin 2014; Sezer et al. 2020).

Amount of Feed Given per Animal in the Dairy Farms

The values of the amount of silage, dry alfalfa and straw given per animal in the examined farms are given
in Table 8. While the average daily amount of silage given to animals in the farms was 16 kg, this value was
calculated as 14.8 kg in farms with less than 15 cattle, 15.7 kg in farms with 15-20 cattle and 17.5 kg in farms with
20 or more cattle. It was concluded that the amount of silage given varied according to the total number of cattle
and that farms with 20 or more cattle gave more silage to cattle compared to other farms. While the amount of
dry alfalfa given to cattle was determined to be quite low, this value was determined as 0.3 kg per animal per
day on average in the farms, 0.1 kg in farms with less than 15 animals, 0.3 kg in farms with 15-20 animals and 0.6
kg in farms with 20 or more animals. It was concluded that farms with 20 or more cattle gave more dry alfalfa
feed to their cattle than farms with less than 15 cattle. While an average of 4.2 kg/head of hay was given to cattle
in the examined farms, this value was determined as 4.6 kg in farms with less than 15 cattle, 4.3 kg in farms with
15-20 cattle and 3.7 kg in farms with 20 or more cattle.

Table 8. Values for the daily average amount of silage, dry alfalfa and straw given per animal in the examined
farms.

Average Number

Amount of feed given/Total number of Average Feed Std.
cattle of Animals Amount Deviation ~ Sto- EFor
Less than 15 heads 14,23 14,82 3,8 0,6
15-20 heads 18,02 15,7° 3,0 0,2
Silage (kg/head) 50 heads and above 23,06 17,50 3,1 0,4
Total 18,28 16,0 3,3 0,2
Less than 15 heads 14,23 0,12 0,5 0,0
Dry alfalfa (kg/head) 15-20 heads 18,02 0,32 0,9 0,0
20 heads and above 23,06 0,6° 1,0 0,1
Total 18,28 0,3 0,9 0,0
Less than 15 heads 14,23 4,6° 0,8 0,1
15-20 heads 18,02 4,3b 0,8 0,0
Straw (kg/head) 20 heads and above 23,06 3,7° 0,9 0,1
Total 18,28 4,2 0,8 0,0

ab.c: Differences between means with different letters in the same column are significant..

It was determined that the difference between the average values of the amount of straw given to the
animals was statistically significant (P<0.05), and that the farms with less than 15 cattle had the highest value,
while the farms with 20 or more cattle had the lowest value. It was observed that the amount of straw given
decreased as the number of animals increased. In a study conducted by Bakir and Han (2014) in Yalova, significant
differences were found between the rates of concentrated feed given to animals in the farms. The highest
amount of feed given in the enterprise was in the range of 4-6 kg with a rate of 46.2%. In a study conducted in
Malatya, differences were also significant between the farms in terms of the amount of concentrated feed given
to the animals. While the rate of producers giving an average of 4-6 kg of concentrated feed per animal per day
was 52.9%, the rate of those giving in the range of 7-10 kg was 42.4% and the rate of those giving in the range of
0-3 kg was 4.9% (Durak 2021). In the study conducted by Ata and Yilmaz (2015), the average concentrate feed of
traditional and improved farms in Burdur province dairy cattle farms was reported as 8.04 kg and 9.38 kg,
respectively. In the study conducted by Bakir (2002), it was reported that 56.4% of private farms in Van province
gave 1-4 kg, 35.5% gave 5-8 kg, and 13% gave 8.1 kg and more concentrate feed.

The Feeding Method of Animals, Their Pasture Status and Whether or Not They Have a Rough/Concentrated
Feed Storage in the Dairy Farms

In the farms surveyed, it was determined that 87% of the animals were fed mixed and 13% individually.
While the rate of animals being put out to pasture was 21.8% in the farms, the rate of not being put out to
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pasture was 78.2% (Table 9). It was determined that roughage and concentrated feed storage was available in
82.4% of the farms and not in 17.6%. The pasture utilization rate was determined as 40.7% in a study conducted
in Malatya (Durak, 2021). In a previous study, it was concluded that the storage conditions of the feeds were as
important as the production of the feeds. In the same study, 52.4% of the participants stated that they stored
the feeds in the warehouse, 35.9% in a covered area outside, and 11.7% in an open area outside (Demir et al.
2013). In the study conducted by Diler et al. (2016), it was determined that 64% of the factory feeds in Hinis
district were stored under cover outside, 28% were stored inside and 5% were stored outside with the top open.
Similarly, in the study conducted by Das et al. (2014), it was determined that 88% of the business owners in Bingol
stored the feeds in question outside the barn. In the study conducted by Doganay and Yanar (2023) in the
Eyyubiye district of Sanlurfa province, it was determined that in some businesses, grains were ground weekly or
monthly to form concentrated feed mixtures and stored in warehouses.

Table 9. The feeding style of the animals, their grazing on pastures, and the availability of feed stores in the farms
examined.

Variables Number Rate (%)
Feeding methods

Mixed 207 87.0
Individual 31 13.0
Total 238 100.0
Pasture grazing

No 186 78,2
Yes 52 21,8
Total 238 100.0
Having a roughage/concentrate feed storage

Yes 196 82,4
No 42 17,6
Total 238 100.0

Traits of Barns, Waterers and Feeders Owned by Dairy Farms

In the examined farms, it was determined that the barn type was 46.2% closed, 46.2% semi-open and
7.6% open. It was determined that the barns were 401 m2 and larger than 401 m2 in 64.3% of the farms, between
201 m2 and 400 m2 in 27.8% and smaller than 200 m2 and 200 m2 in 7.9%. The rate of using concrete waterers
in the farms was determined as 10.5%, the rate of using concrete troughs as 53.8%, the rate of using automatic
waterers as 10.5% and the rate of using other waterer types as 25.2%. The rate of using concrete feeders was
determined as 42% in farms, the rate of using plastic feeders as 1.2%, the rate of using plastic troughs as 2.1%,
the rate of using barrels as 1.6% and the rate of using feed alleys as 52.9%. In a study conducted by Durak (2021)
in Malatya, it was determined that trough type feeders were largely used in the farms surveyed, especially in
closed barns. It was determined that 72.8% of the producers used trough feeders. The rate of farms using feed
alleys was calculated as 24.8%, and the rate of farms using both feeders was calculated as 2.4%. It was
determined that the producers used trough type waterers at a high rate (62.2%). In a study conducted by Kilig et
al. (2020) in Katahya, it was determined that the majority of the feeders were concrete and a small portion were
wooden. In a study conducted by Bakir (2002), it was determined that feeders made of reinforced concrete,
wood or sheet metal were adjacent to the wall in all barns and that there were no feed alleys in the barns. Turan
(2019) stated in his study that 73.5% of the farmers who participated in the survey used concrete feeders in their
farms, while 12.9% preferred metal feeders, 8.8% preferred plastic feeders and 4.8% preferred wooden feeders..

Total Land Owned by Farms and Size of Land Where Forage is Produced

The average value of the total land size in the farms examined was determined as 39.50 da, and the
average value of the land where roughage is produced was determined as 30.68 da. The share of the land where
the farms produce roughage in their total land was determined as 77.6%.

The rate of farms with land of 30 da and below was determined as 39%, the rate of farms with land of 31-
60 da was determined as 52.1% and the rate of farms with land of 61 da and above was determined as 8.9%. The
rate of farms with land of 25 da and below where roughage is produced was determined as 45.9%, the rate of
farms with land of 26-50 where roughage is produced was determined as 46.4% and the rate of farms with land
of 51 da and above where roughage is produced was determined as 7.7%.
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Table 10. Values related to total land size and land size where forage is produced in the examined farms.

Land size Number Rate (%)
Total land size (da)

<30 93 39.0
31-60 124 52,1
>61 21 8,90
Average 39,50 (%100)

Total 238 100.0
Land used for producing roughage (da)

<25 109 45,9
26-50 110 46,4
>51 18 7,7
Average 30,68 (%77,6)

Total 237 100

Calf Replacer Feed Usage Status, Feed Usage Duration and Feeding Number in Farms

It was determined that 77.3% of the farms surveyed used calf replacer feed, while 22.7% did not. It was
determined that the feeding period was 120 days or less in 42.8% of the farms, between 121-200 days in 47.9%,
and more than 201 days in 9.3%. It was determined that 93.2% of the farms fed twice, 4.2% fed once, and 2.6%
fed 3 times (Table 11). It was determined that feeding was done in the morning and evening hours in almost all
of the farms examined. In the study conducted by Durak (2021), it was determined that animals were generally
fed twice a day (82.5%) in the farms, and the rate of feeding 3 or 1 times a day (17.5%) was very low. In the study
conducted by Sezer et al (2020), the feeding program of the farms was determined as two meals a day in 78.1%,
3 meals a day in 19% and single meal in 2.9%.

Table 11. Calf replacer feed usage status, feed usage period and feeding number values in the examined farms.

Applications
Calf replacer feed usage status  Number Rate (%) Number of daily feedings Number Rate (%)
Yes 184 77,3 1time 10 4,2
No 54 22,7 2 times 221 93,2
Total 238 100.0 3 times 6 2,6
Feed usage period (days)
<120 102 42,8
121-200 114 47,9 Total 237 100.0
2201 22 9,3
Total 238 100.0

In a study conducted in Edirne, it was determined that 64.2% of the farms were fed twice a day, and 31.6%
were fed three times a day (Onal and Ozder 2008). In a study conducted by Aygiil and Ozkiitiik (2012) in dairy
cattle farms in the Central, Battalgazi and Dogansehir districts of Malatya province, it was reported that feeding
was done three times a day in 86.4% of the farms. In a study conducted by Yildiz and Deniz (2021) in Mus, it was
concluded that the majority of breeders fed their animals twice a day (64.97%). In a study conducted in Van, it
was reported that animals were fed more often twice a day (58.87%) (Yildiz 2023). In a study conducted in the
Eyyubiye district of Sanliurfa, it was determined that 75.6% of the cattle raised were fed twice a day, 23.7% were
fed 3 times in 3 days, and 0.7% were fed 4 times a day (Doganay and Yanar 2023). In a study conducted by Akkus
(2009) in Konya, it was determined that 74.79% of the farms were fed twice a day. In a study conducted by
Ozsaglicak and Yanar (2021) in cattle farms in the central district of Erzincan, it was determined that 49.1% were
fed twice a day, 47.6% were fed three times, and 3.3% were fed more than 3 times a day. In a study conducted
by Capadag (2017) in Erzurum, it was reported that 70.6% of the farms were fed twice a day, and the rate of
farms feeding three times was 27.7%. When the previous studies and the findings of this study are evaluated in
general, it can be said that twice a day feeding is common throughout Tirkiye, followed by 3 times a day feeding,
and in this respect, a similar situation is also the case in Yenice district of Canakkale province.

Status of Some Other Applications in Businesses
It was determined that 26.1% of the roughage was given separately and 73.9% was mixed in the farms.
While the rate of using vitamins and minerals while making concentrated feed was determined to be quite low
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(3.4%), the rate of not using vitamins and minerals while making concentrated feed was determined to be quite
high (96.6%). It was determined that 31.5% of the pregnant animals were fed separately and 68.5% were fed
mixed in the farms examined.

It was determined that licking stones were not used in 59.2% of the farms and licking stones were used in
40.8%. In a study conducted by Sezer et al (2020), the rate of using licking stones was determined as 86.7%. Onal
and Ozder (2008) determined the rate of using licking stones as 89.5% in farms affiliated with the Edirne province
breeding cattle breeders' union.

Silage is produced in 93.7% of the examined enterprises, and silage is not produced in 6.3%.

When the presence and size of silage storage or pits in the farms are examined, the rate of presence of

silage storage or pits is determined as 0.8% and the rate of absence is determined as 99.2%. It was determined
that only 2 of the farms examined had silage storage of 384 m2 and 650 m2.
42% of the barn building material in the farms examined is concrete, 29.4% is concrete-iron and 17.2% is iron. In
a study, stone is used as a material in the barn walls of 55.3% of the cattle enterprises in Erzurum, concrete is
used in the barn floors of 43.8%, and sheet metal is used as a roofing material in 48.1% (Giiler et al. (2017). In a
study conducted in Kitahya, it was determined that concrete (92%) was mostly used as the floor structure
material in barns (Kilig et al. 2020).

The workforce consists of 2 people in 42% of the farms, 3 people in 49.2% and 4 people in 8.8%. In a
study conducted by Ozer and Tiimer (2021) on dairy farming farms in Mersin, Adana, Osmaniye, and Hatay
provinces, it was reported that the average number of family members in the farms was 3.6 people and 3.01 of
them were engaged in dairy farming. When the status of farms benefiting from feed support was examined, it
was seen that 16.4% benefited from feed support and 83.6% did not.

CONCLUSION and SUGGESTIONS

When the socio-economic status of the breeders in the examined farms is examined, it is observed that
their ages vary between 26-66 and the average age is 49.50, 98.3% of the enterprise owners are high school,
secondary school and primary school graduates, 52.9% have been dairy farming for 15-30 years, 28.6% for more
than 30 years and 18.5% for less than 15 years and this period is 25.83 years on average, only 26.1% of the
breeders have received training in cattle farming and a significant portion have not received any training on the
subject.

The average value of the total land size in the farms was determined as 39.50 da and the average value

of the land where roughage is produced was determined as 30.68 da. The share of the land where the farms
produce roughage in their total land was determined as 77.6%.
The number of dairy cows owned by the enterprises is between 6-24 heads (average 10.90 heads), and the total
number of cattle is between 12-28 heads (average 18.28 heads). It is noteworthy that the rate of farms with less
than 15 dairy cows was very high (88.6%). In terms of the total number of cows, the rate of farms with 15-20
head of animals was found to be higher (58.9%). It was observed that the farms produced their own cattle to a
large extent (88.2%).

The cattle breeds raised on the surveyed farms were largely pure Holstein or Holstein crossbreeds. This
rate was calculated as 81%. Apart from these breeds, there were also a small number of Simmental, Brown Swiss
and crossbreeds of these breeds.

A significant part of the enterprises (77.3%) use calf substitute feed. It was determined that the average
daily milk production per cow in the farms was 17.77 It, and less than 10 kg of concentrated feed and 16 kg of
silage were given to the cow on average daily. Concentrate feed and roughage were generally mixed and given
to the animals (87%). It was observed that only 38.7% of the breeders took milk yield into consideration when
determining the daily feed amount to be given to the animals. It is noteworthy that the daily dry alfalfa rate given
per animal in the farms was quite low (0.3 kg per day). It was determined that silage was made in the majority
of the farms (93.7%). It was determined that 72.7% of the farms did not produce concentrated feed and that
96.3% of the concentrated feed they needed was purchased from cooperatives and feed dealers. The majority
of the farms produce some of their own roughage needs and purchase some from outside. The rate of farms that
meet their own roughage needs completely is 7.6%. The roughage grown in the farms largely consists of wheat
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straw, corn, fodder pea, oat, meadow grass, alfalfa and vetch. It is understood that the roughage mostly
purchased from outside is wheat straw and corn silage.

The rate of taking animals to pasture is quite low in the farms surveyed, only 21.8% of the farms declared
that they take their animals to pasture. It was observed that the number of daily feedings in the farms is generally
2 times (morning and evening). The rate of breeders using licking stones in their farms was determined as 40.8%.
The barn types of the examined enterprises are 46.2% closed barn, 46.2% semi-open barn and 7.6% open barn.
64.3% of the barns owned by farms are between 401 m? and larger than 401 m?, 27.8% are between 201 m?and
400 m?, and 7.9% are between 200 m? and less than 200 m?.

95.8% of the farms stated that they sold the milk they obtained to cooperatives and 16.4% benefited from feed
support. It is seen that the benefit from feed support is quite low. As a result, some of the problems detected in
the farms on the subject and some issues that can be suggested are listed below;

- It is understood that the training of the breeders in the farms is insufficient. The training and courses that the
breeder unions and cooperatives will provide to the farmers on subjects such as roughage production, ration
preparation and feeding of dairy cattle will make significant contributions in terms of cheaper production of feed
raw materials, more effective use of feed resources and increasing the efficiency of the farm. Agricultural
publication and communication activities, which are of great importance in reaching farmers, should be carried
out more effectively, adequately and continuously.

- It has been observed that silage production in farms is not sufficient and some farms do not make silage. Most
farms do not have silage pits or storage. Some farms purchasing significant amounts of corn silage from outside
may be one of the factors reducing profitability. Silage production, which is considered the cheapest roughage,
should be expanded and each enterprise should be provided with its own silage needs.

- Many farms have a quality roughage problem, and some farms purchase significant amounts of wheat straw
from outside. The use of straw as roughage is very common. Dry alfalfa production and use is extremely limited.
The roughage fed to animals largely consists of corn silage. Dry alfalfa production and use in higher amounts as
roughage should be encouraged.

- A significant number of farms do not have roughage or concentrated feed storage. This situation poses a
significant problem in the long-term storage of produced or purchased feed. Current conditions can cause feed
raw materials and feed to deteriorate or mold in a short time.

- Mixed feeding is largely done in farms. Feeding without considering the productivity levels, growth and
pregnancy periods of animals is one of the issues that reduces efficiency. It may be recommended that producers
switch to individual feeding.

- One of the important problems is that the daily feed amount given to animals in farms is determined largely
based on habits. Milk yield should be taken into consideration first in determining the daily feed amount. Other
issues to be considered are live weight, growth period and pregnancy.

- Another important problem determined in farms is the very low use of licking stones. Thanks to the rich vitamin
and mineral support in the licking stone content, it has important benefits in terms of meeting the needs of
animals and preventing problems such as fertilization and not showing heat, soil eating, meat and milk losses.
The use of licking stones in farms must definitely be increased.

- It is observed that the rates of breeders benefiting from feed support are very low. This situation is a significant
loss in terms of the profitability of the enterprise. Producers should be informed and made aware of this issue.
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Bu calismanin amaci kirsal turizm faaliyetlerinde bulunan turistlerin memnuniyet dizeyinin
belirlenmesidir. Calisma Ankara ili Nallihan ilgesinde yapilmistir. Ornek hacmi ana kitle oranlarina dayal basit
tesadifi olasilik 6rneklemesi ile 258 olarak tespit edilmistir. Coklu dogrusal regresyon analizinde bagimsiz
degisken olarak kullanilan ekonomik, sosyal ve gevresel degiskenlerine faktoér analizi yapilmistir. Calismada
turistlerin memnuniyet diizeyini etkileyen faktorleri tespit etmek igin coklu dogrusal regresyon analizi yapilmstir.
Coklu dogrusal regresyon analizi sonucuna gore, kiiltiirel degerler, ekonomik faktérler ve cevresel faktorler ile
turistlerin memnuniyet diizeyi arasinda, %1 6nem dizeyinde pozitif yonde anlamli bir iliski tespit edilmistir.
Turistlerin 6deme konusundaki memnuniyeti tatmin edici diizeyde olsa da standartlara uygunlugun saglanmasi
ve ilgili birimler tarafindan denetimlerin yapilmasi saglanmalidir. Kirsal alanlarin gelecek nesillere aktarilmasi igin
turistlerin ¢evre sorunlari konusunda biling diizeyleri arttirilmali ve bu yonde afisler, brosirler hazirlanmalidir.
Yore halki ve esnaflara Nallihan turistlik alanlari ile ilgili toplantilar yapilarak farkindaliklari saglanmalidir.
Nallihan ilgesi isletmelerine sosyal medya egitimleri verilerek sosyal medyanin tanitim ve pazarlama agisindan
aktif olarak kullanilmasina tesvik edilmelidir.

Anahtar kelimeler: Kirsal turizm, memnuniyet diizeyi, regresyon analizi, turist

Determining The Satisfaction Level of Tourists in Rural Tourism Activities

ABSTRACT

This study aims to determine the satisfaction level of tourists in rural tourism activities. The study was
conducted in Nallihan district of Ankara province. The sample size was determined as 258 by simple random
probability sampling based on main population rates. Factor analysis was performed on economic, social, and
environmental variables used as independent variables in multiple linear regression analysis.Multiple linear
regression analysis was performed to determine the factors affecting the satisfaction level of tourists in the study.
According to the result of multiple linear regression analysis, a positive significant relationship was determined
at a 1% significance level between cultural values, economic factors, and environmental factors and the
satisfaction level of tourists. Although the satisfaction of tourists regarding payment is at a satisfactory level,
compliance with the standards should be ensured and inspections should be carried out by the relevant units.
To transfer rural areas to future generations, the awareness level of tourists about environmental problems
should be increased and posters and brochures should be prepared in this direction. Meetings should be held
with the local people and tradesmen about Nallihan tourist areas and their awareness should be raised. Social
media training should be provided to Nallihan district businesses and they should be encouraged to use social
media actively in terms of promotion and marketing.

Key words: Rural tourism, satisfaction level, regression analysis, tourist
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INTRODUCTION

Since the 1970s to the present day, tourism activities in rural areas have increased remarkably in all
developed countries worldwide. This has played a key role in the development of rural areas in economically and
socially depressed countries (Perales, 2002; Blaine et al., 1993; Dernoi, 1991). Rural tourism has a different
structure across countries and continents and is largely a local phenomenon (Gartner, 2004; Sharpley & Roberts,
2004). Rural tourism provides development by combining economic, social and environmental factors of rural
areas (Kiziloglu and Karakaya, 2019; Yang et al., 2021). Rural tourism has emerged as the second stage of
development. The first stage of development is characterized by participation, product and business
development. The second phase is anticipated to be the remaining questions about the place of development in
policy, its integration in practice and its dynamic role in a restructuring country (Long and Lane, 2000).
Increasingly, tourism-based farm diversification in rural areas is recognized as an engine of regeneration
(Sharpley and Vass, 2006). In recent years, rural tourism has attracted increasing attention from researchers,
driven by two factors. The first is the increasing demand for tourism to rural areas (Cavaco, 1995; Dernoi, 1983;
Fleischer and Pizam, 1997; Hummelbrunner and Miglbauer, 1994; Lane, 1994). Second, rural tourism has become
a topic on the political-economic agenda (Butler et al.,, 1997; Cavaco 1995; Fleischer and Pizam 1997; Gannon,
1994; Lane, 1994; Sgrensen and Nilsson, 1999; Sharpley and Sharpley, 1997). The conversion of rural farms into
tourism is not only seen as an effective tool for solving socio-economic problems in rural areas. It also enjoys
government and state support (Hjalager, 1996). The development of rural tourism in villages encourages
rapid economic growth. The rural tourism sector is supported in developing countries. For example, in the
report published by the Ministry of Trade in Turkey, subheadings were determined under the title of
Financing Support Opportunities for the Green Deal for the creation of alternative income sources in rural
areas. The best example of alternative income sources in rural areas is rural tourism. In addition, in the
same report, Small and Medium Enterprises Development and Support Administration (KOSGEB) is included
under the Single Market Program as a component for supporting enterprises especially SMEs in the 2021 -
2027 period. The Single Market Program COSME Component aims to facilitate enterprises' access to
markets, encourage entrepreneurship and the acquisition of entrepreneurial skills, ensure the
modernization of the industry, and address global and social challenges. Thus, the competitiveness and
sustainability of enterprises, including the tourism sector, will be increased (Anonymous, 2024b). There
are rural tourism projects granted by Agriculture and Rural Development Support Institution (TKDK). When
the scope of Rural Tourism and Recreation Activities Projects is examined, there are back-to-nature
activities that appeal to different areas of interest such as farm tourism, accommodation facilities made
of natural wood or natural stone materials, tour trails, and sections for spending time with farm animals
(TKDK, 2024). In particular, it creates more job opportunities and improves the quality of life of rural residents
(Carius and Job, 2019; Higgins-Desbiolles et al., 2019). However, it also has disadvantages such as ecological
damage, depletion of local resources and deterioration of infrastructure (Gao and Zhang, 2021; Liu et al., 2018;
Torres and Momsen, 2005). For this reason, importance is being taken for rural tourism in the world and
Turkey. Turkey's Climate Change Adaptation Strategy and Action Plan (2011-2023) focuses on water
resources management, agriculture, and food security, ecosystem services, biodiversity and forestry,
natural disaster risk management, and public health sectors; the document in question, which is being
updated, aims to increase the number of sectors by including the titles of energy, transportation and
communication, industry, city, social development, tourism and cultural heritage (Anonymous, 2024a).
While rural tourism activities are very important for countries, the satisfaction of tourists who demand
rural tourism is also extremely important for rural tourism development. Some rural tourism studies focus
on the impact of excessive tourism activities on the local ecological environment and the dissatisfaction of local
people (Diaz-Parra and Jover, 2021; Fletcher, 2019; Liu et al., 2019). Tourism can also be considered as a socio-
psychological experience (Castano, 2005; Ross ve Iso-Ahola, 1991; Rubio, 2003; Wacker, 1996). Socio-
demographic characteristics affect tourists' behavior. At the same time, tourists' subjective experiences emerge
strongly to explain this complex process. In this context, motivation and satisfaction are the two main
determinants of individual behavior in tourism (Devesa et al., 2010). Some studies have shown that the emotions
that consumers experience affect their satisfaction (Dube & Menon, 2000; Han & Back, 2008; Hosany & Gilbert,
2010; Mano & Oliver, 1993; Kastenholz et al., 2018; Sendikici and karakaya 2021). In this study, it was aimed to
determine the satisfaction level of tourists engaged in rural tourism activities.
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MATERIALS AND METHODS

The number of questionnaires used in the study was determined by simple random probability sampling
based on the proportions of the main population (Newbold, 1995). The total number of people in the sampling
frame was 5,564 tourists visiting Nallthan district of Ankara province.

0= Np(1—p)
(N - 1oz +p(1—p)

In the formula

n: Sample volume, N: Total number of people in the sampling frame, p: Number of tourists in the rural tourism
region (based on 50% assumption), apx 2: Variance of the ratio (table value 1.65 with 90% confidence interval
and 5% margin of error to reach the maximum sample volume).

Since the tourist characteristics of Nallithan district, which constitutes the main population, were not
known at the beginning, p=0.5 was taken as p=0.5 to maximize the sample volume. The sample volume was
calculated as 258 with a 90% confidence interval, 5% margin of error and p=q=0.5 to reach the maximum sample
volume. Tourists with a monthly income of 0-452.49 S constitute the first group, tourists with a monthly income
of 452.50-754.15 $ constitute the second group, and tourists with a monthly income of 754.16-+ $ constitute the
third group. In the study, the dollar exchange rate was taken as 26.52 according to July 2023, when the study
was conducted. Through the questionnaires, the socio-economic and demographic characteristics of tourists,
their attitudes and behaviors towards rural tourism, the mass media used by tourists, the satisfaction of tourists
and the factors affecting their satisfaction were determined. Tourists' satisfaction with rural tourism centers, the
environmental, social and economic impacts of rural tourism and the mass media used by tourists are given on
a 5-point Likert scale. Likert scale is one of the attitude measurement methods and is included in the group of
scales. The basic approach to using the Likert scale is to give people judgments about the subject under study
and to rate the focus on these judgments (Likert, 1932). The relationship between tourists' satisfaction level and
expectations, membership status of environmental organizations, and mass media used was analyzed with chi-
square in the SPSS-24 program. The essence of the chi-square test is to examine whether a sample with a volume
of n represents the main mass or which distribution it comes from. The chi-square independence test is used to
investigate whether two or more variables are independent of each other. In other words, the chi-square
goodness-of-fit test is performed to determine whether the observed frequencies comply with a certain
hypothesis or a theoretical distribution (Karagdz, 2016). The formula for the chi-square analysis is given below.

(05 — eij)z ng. 1y
2 _ _
=L =N

Multiple linear regression analysis was used to determine the factors affecting the level of satisfaction.
In the multiple linear regression model, regression models based on the Least Squares (LS) method, which
minimizes the sum of error squares, were used. SPSS-24 statistical package program was used to solve the model
(Kalayci, 2005; Anonymous, 2006; Topgu 2008). Factor analysis was performed on 24 economic, social, and
environmental variables, which are independent variables used in multiple linear regression analysis. Factor
analysis is a multivariate analysis method that reveals the dependency structure between variables. In the first
stage of factor analysis, correlation analysis is performed on the variables to be analyzed. Apart from the
correlation coefficients, two test statistics are calculated to show whether the data is suitable for factor analysis.
The first of these statistics, the Kaiser-Meyer-Olkin Measure of Sampling Adequacy, is the statistic that expresses
what percentage of the total variability (variance) in the variables is due to common shared variability or, in other
words, common factors (Hair et al., 2006). The formula for multiple linear regression analysis is given below.

Yi = Bo + B1X1i + BaXoi + BaXzi + - 4 BpXni + U;

Dependent variable, Y: Satisfaction level of tourists

While creating the dependent variable, the Likert average of 27 factors affecting the satisfaction level of tourists
was determined. These factors are given in Table 1.

Independent variables are X1: Age, X2: Education, X3: Occupation, X4: Monthly income, X5: Membership to any
environmental organization, X6: Frequency of listening to radio, X7: Frequency of watching television, X8:
Frequency of using the Internet, X9: Frequency of using social media, X10: Cultural values, X11: Location choice
in rural areas, X12: Economic factors, X13: Environmental factors.

RESULTS AND DISCUSSION

Conceptually, rural tourism can be considered as rural tourism that adopts the rural environment as the
center of the product offered. Rural tourism should be located in rural areas, have the unique characteristics of
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the rural world, consist of small-scale enterprises, be conducted in open areas and be sustainable (Loureiro and
Gonzalez, 2008). In order to ensure the sustainability of rural tourism, it is very important that tourists intend to
visit again and recommend their visits to others (Phillips et al., 2013). Tourists' characteristics are also very
important for the sustainability of rural tourism (Cuccia and Cellini, 2007). In particular, in addition to the natural,
economic and socio-cultural environment, the age, gender and educational status of tourists are factors that
affect the sustainable development of tourism (Muresan et al., 2016). When the socio-demographic
characteristics of tourists were analyzed in the study, 37.60 of the tourists were female and 62.40 of them were
male. Accordingly, it is seen that men visit the rural tourism center more than women. The age of women was
found to be 44.24 and 43.98 for men. Considering the average age, it is observed that middle-aged tourists visit
the rural tourism center more.

Looking at the educational status of the tourists coming to the rural tourism center, it was calculated
that 3.49% were primary school graduates, 5.81% were secondary school graduates, 22.48% were high school
graduates, 54.56% were university graduates and 13.95% were master's/doctoral graduates. According to the
research, the average number of family members of visitors to the tourism center is 3.45 people. A family consists
of a maximum of 8 and a minimum of 1 person. When those who visited the rural tourism center were asked, it
was revealed that the majority of them had social security. The number of those who do not have any social
security was determined as 11. When the social security of the tourists was analyzed, it was found that 13.57%
of them had Bag-Kur, 62.02% had SSI, 20.16% had other and 4.26% had none. The average monthly income of
those who visited the rural tourism center was found to be 21,613.59 TL. In a similar study, it was found that age,
occupation, gender and income affect rural tourism (Pesonen et al., 2011). Tourist satisfaction is an important
issue in the field of consumer and market research. Tourist satisfaction is the behavior that arises from the loyalty
of tourists, which is the positive evaluation of a product or service after purchasing it, and then recommending
it to others or having it done (Tang et al., 2022). When the satisfaction levels of tourists with the destination
center were evaluated, it was determined that all income groups were undecided about transportation to the
center, accommodation, social facilities and the number of tours.

Table 1. Variables affecting tourists' satisfaction

Satisfaction Status 1 2 3  Average
New types of tourism such as cultural tourism and congress tourism should be

created 414 443 449 439
Emphasis should be given to afforestation and greening of the environment 42 433 452 438
Develop plans and projects to extend the tourism season to the whole year 436 431 439 435
More effective promotion and marketing should be done 416 4.32 4.44 433
Renovation and restoration should be emphasized 413 426 449 4.32
I myself have a high sensitivity towards local people 3.99 436 433 4.27
The people | come with have a high sensitivity towards local people 4.07 433 428 4.26
Existing facilities should be improved and service quality should be increased 4.07 4.18 443 4.26
The people | come with are sensitive to the environment 402 434 426 4.24
| am environmentally conscious myself 404 429 428 4.23
Raise tourism awareness among local people 416 4.15 434 4.23
Individuals engaged in rural tourism use social media for advertising purposes 3.84 4.03 4.14  4.03
Attitudes and behaviors of local product sellers are good 3.98 391 4.07 3.99
Ensure sustainability while using tourism areas 3.89 385 4.09 3.95
Attitudes and behavior of local people are good 3.59 3.84 391 381
Souvenir sales areas are good 3.8 3.61 3.85 3.74
Food safety of local products is good 3.68 3.64 3.72 3.68
Sale of local products is sufficient 3.54 3.88 3.55 3.67
Attitudes and behaviors of the organization organizing the trip 366 3.6 3.69 3.65
Attitudes and behavior of the staff at the facilities are good 3.61 3.64 3.64 3.63
Good environmental quality 33 3.64 371 3.59
Prices of local products are good 3,57 3.67 332 351
Physical facilities and availability of facilities 3.27 3.49 352 345
The number of tours is sufficient 334 319 3.1 3.19
The number of social facilities is sufficient 3.18 295 292 295
Number of accommodation facilities is sufficient 3.18 291 2.83 2.9
Easy transportation to Nallihan 291 3.15 252 2.85

(5: Strongly Agree, 4: Agree, 3: Undecided, 2: Disagree, 1: Strongly Disagree)
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It is seen that tourists with a monthly income between 0-12,000 TL are undecided about the
environmental quality, while the other two income groups are satisfied with the environmental quality. Tourists'
opinions about local people are important. Local people are the main representatives of rural tourism centers. It
is seen that all income groups are satisfied with the attitudes and behaviors of the local people, the staff in the
facilities, the organization organizing the trip and the local product sellers. The satisfaction of tourists with the
services provided and the acceptance of local people positively affect local tourism activities. According to
income groups, all tourists are satisfied with the attitudes of themselves and their companions towards the
environment and local people. The rural tourism center offers tourists the best regional products. According to
the monthly income group, when tourists were asked about the sale of local products, food safety of local
products and souvenir areas, they stated that they were satisfied. On the other hand, tourists were asked about
the importance of renovation and restoration of the tourism region, more effective promotion and marketing,
the creation of new types of tourism such as cultural and congress tourism, the development of projects to
spread tourism throughout the year and increasing the tourism awareness of local people. It is seen that all
income groups are satisfied with these factors. In a similar study, it was determined that visitors' satisfaction
indirectly affects their value perception and revisit intentions (Philips et al., 2013).

Tourism is one of the most productive economic branches that can successfully compete with other
agricultural branches and trade products (Zilinskas aand Petravic¢iené, 2007). Table 2 shows the economic interest
levels of tourists in rural tourism.

Table2. Tourists' interest levels in rural tourism in economic terms
Economic Factors Ki-kare
(p)*

1 2 3 Average

Other income-generating business lines other than rural agriculture
should be supported 425 456 451 4.47 0.000
Rural tourism and women's handcrafted products should be better
utilized 416 452 453 445 0000
Rural tourism should provide income for women

427 46 44 445 0000

Rural tourism contributes to the development of farmers by creating
demand for local agricultural products

421 445 455 4.44 0.000
Rural areas should be supported for capital investment

411 445 45 44 0.000
Rural tourism contributes to the income of rural individuals

404 428 437 426 0000
I would like to make a large part of tourism expenditures in rural
areas 336 337 34 338 0033

(5: Strongly Agree, 4: Agree, 3: Undecided, 2: Disagree, 1: Strongly Disagree)
*The satisfaction level of the tourists and their level of interest in rural tourism in economic terms were analyzed
with chi-square.

According to the table, it is determined that they agree with the support of other income-generating
business lines other than rural agriculture. This is followed by the indicators that rural tourism and women's
handicraft products should be better evaluated and rural tourism should provide income to women. In this
context, it was determined that they agreed with the item “I would like to make a large part of tourism
expenditures in rural areas”. When the level of economic interest of tourists in rural tourism was analyzed
according to monthly income, it was determined that all three income groups were undecided about the idea
that they would like to make a large part of their tourism expenditures in rural areas. A significant relationship
was found between tourists' satisfaction level and their level of economic interest in rural tourism.
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Table 3. Tourists' social interest levels in rural tourism
Social Factors Ki-kare
1 2 3 Average (p)*

Respect for the values of local people

432 4.59 456 4.52 0.000
Preservation of local culture and traditions is important

427 458 4.52 4.49 0.000
The rules set in the rural tourism center must be followed

427 4,55 453 4.48 0.000
| like getting to know new cultures

43 457 4.48 4.47 0.000
Protect the values of local people through rural tourism

423 455 451 4.46 0.000

Social media should be used by individuals engaged in rural
tourism 427 433 4.59 4.42 0.000
Rural tourism provides self-confidence to rural individuals

4,18 2.29 45 4.35 0.000
I would like my family and relatives to integrate with local people
4 424 439 425 0.000
| enjoy spending time with the locals
396 426 43 4.21 0.000

(5: Strongly Agree, 4: Agree, 3: Undecided, 2: Disagree, 1: Strongly Disagree)
*The satisfaction level of tourists and their level of social interest in rural tourism were analyzed with chi-square.

Tourists' level of social interest in rural tourism activities is given in Table 3. It has been determined that
tourists strongly agree with respecting the value judgments of local people. When the social interest levels of
tourists in rural tourism were analyzed according to monthly income, it was determined that all three income
groups agreed that they wanted to spend time with the local people and that their families and relatives mingled
with the local people. A significant relationship was found between the satisfaction level of tourists and their
level of social interest in rural tourism.

Ecological benefits of rural tourism include environmental protection (protection of natural areas);
improvement of infrastructure, landscape protection (Barkauskas et al., 2015). Table 4 shows the level of interest
of tourists in rural tourism in terms of environment.

Table 4. Tourists' interest levels in rural tourism in terms of environment

Environmental Factors Average Ki-kare

1 2 3 (p)*
Care should be taken to protect agricultural land 429 469 4.72 461 0.000
Overdevelopment in rural tourism should not be allowed 43 465 4.72 4.6 0.000
Facilities should be created without disturbing the rural structure 436 4.62 4.67 4.58 0.000
Awareness should be raised on environmental issues 425 47 4.63 4.57 0.000
Protected areas should be excluded from development 432 46 458 4.53 0.000
Tourism facilities in rural areas should be built in a planned manner 421 451 4.64 4.5 0.000
There should be no establishment in forests 416 4.46 453 4.42 0.000
| can work as a volunteer to improve environmental quality in rural

4 41 431 416 0.027
areas

| can provide financial support to improve the quality of the rural

. 3.84 388 4.12 3.97 0.028
environment

(5: Strongly Agree, 4: Agree, 3: Undecided, 2: Disagree, 1: Strongly Disagree)
*The satisfaction level of tourists and their level of interest in rural tourism in environmental terms were analyzed
with chi-square.

It shows that the perception that non-agricultural use of agricultural lands is wrong is very important for

tourists visiting rural tourism centers. When the tourists' level of environmental interest in rural tourism was
analyzed according to monthly income, it was determined that all three income groups agreed with the view that
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| can work voluntarily to improve the quality of the environment in rural areas and | can provide financial support
to improve the quality of the environment in rural areas. A significant relationship was found between the
satisfaction level of tourists and their level of interest in rural tourism in the environmental sense.

Table 5. The situation of tourists using mass media

Utilization of mass communication Ki-kare

*
1 2 3 Average (p)

How often do you read articles or watch programs about rural

. . 5
tourism on the internet? 346 36 3.83 3.66 0.081

How often do you watch programs about rural tourism on
television?

How often do you listen to the radio?

3.57 3.56 3.58 3.57 0.029

336 285 336 3.16 0.003

?
How often do you read newspapers: 591 253 264 266 0.028

. -
How often do you use social media 297 228 198 216 0.046

How often do you watch television?
2.04 218 2.09 211 -

H f i ?
ow often do you use the internet 534 206 191 2.06 i

(5: Everyday, 4: A few days a week, 3: A few days a month, 2: A few days a year, 1: Never)
* The level of satisfaction and expectations of tourists and their utilization of mass communication were analyzed
with chi-square.

Table 5 shows the utilization of mass communication according to the monthly income level of tourists.
The frequency of newspaper reading of tourists visiting Nallihan was determined as once a week. Today, with
the widespread use of other media tools, the rate of newspaper reading is gradually decreasing (Von Krogh and
Andersson, 2016). Regarding the frequency of listening to the radio, it was determined that it was listened to
once a week. Television is the most widely used mass media (Bhat, 2022). It was determined that tourists watch
television several times a week. In the study, when the frequency of watching programs related to rural tourism
on television and the internet was examined, it was determined that the least watched programs were a few
times a month. The frequency of internet and social media use by tourists in the rural tourism region was
determined as the most used mass media tools with a few times a week after the frequency of television viewing.
Looking at the utilization of mass communication according to the monthly income level of tourists, it was
determined that the frequency of reading newspapers and listening to radio was once a week for all three income
groups. A significant relationship was found between the level of satisfaction and expectations of tourists and
their utilization of mass media.

In the study, multiple linear regression analysis was conducted to determine the factors affecting the
satisfaction level of tourists. Factor analysis was performed on 24 economic, social and environmental variables
used as independent variables in multiple linear regression analysis. The factor analysis explained 76.121% of the
factors (Table 6).

Table 6 shows the naming of the factors used in the factor analysis according to the factor loadings. In
the factor analysis with 24 variables, 4 factors were obtained. These variables are cultural values, rural location,
economic factors and environmental factors. KMO value greater than 0.50 and a significant Bartlett test result
are considered sufficient to perform factor analysis (Tabachnick and Fidel, 2007). KMO coefficients below 0.5 are
called “unacceptable”, 0.5-0.6 “weak”, 0.6-0.7 “medium”, 0.7-0.8 “good”, 0.8-0.9 “very good” and KMO
coefficients above 0.9 are called “excellent” (Sharma, 1995). Factor loadings of 0.5 or above are a criterion
indicating that variables are significantly related to factors (Comrey and Lee 1992; Field 2009; Hair et al., 2010;
Tabachnick et al., 2013). The factor loadings of the factors obtained as a result of factor analysis in the study are
above 0.5.
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Table 6. Naming the factors used in factor analysis according to their factor loadings

Factor Variance Cronbach's
Loading Mean . Alpha
Ratios -
s Coefficients
The rules set in the rural tourism center must 0781  4.4806
be followed
Protect th.e values of local people through 078 44612
rural tourism
Respect for the values of local people 0.775 4.5194
!would I|ke'my family and relatives to 0716  4.2481
cul | integrate with local people
ultura . . .
Values !Dreservatlon of local culture and traditions is 0702 4.4845 26.063 957
important
I like to learn about new cultures 0.684 4.4729
Bur.all tourism provides self-confidence to rural 067 43527
individuals
Social mgdla should l:?e used by individuals 0.664  4.4225
engaged in rural tourism
I enjoy spending time with the locals 0.655 4.2132
Facilities should be created without disturbing 0815 45814
the rural structure
Pro't.e.cted areas should be excluded from 081 45310
facilities
Overdevelopment in rural tourism should not
i i . 4.
§|te selection o iiowed 0.808 6008 19.808 937
in rural areas There should be no establishment in forests 0.782  4.4225
Care should be taken to protect agricultural 0718  4.6124
land
jl'ounsm facilities in rural areas should be built 0544  4.4961
in a planned manner
Other |ncome.-generat|ng business lines other 0802  4.4729
than rural agriculture should be supported
Rural.tOLfrl.sm contributes to the income of 0.755  4.2636
rural individuals
Rural tourism contributes to the development
. of farmers by creating demand for local 0.75 4.4419
Economic .
agricultural products 19.634 .925
Factors Rural areas should be supported for capital
; PP P 0739  4.3953
investment
Rural tourism and women's hz?ndcrafted 0723  4.4457
products should be better utilized
Rural tourism should provide income for 0.642  4.4457
women
Ican'prowde financial s.upport to improve the 0803  3.9651
quality of the rural environment
Environmenta | car.1 work as a volu!'lte.er to improve 0751 4.1589  10.616 782
| Factors environmental quality in rural areas
Iwouldlllke tq make a large part of tourism 071 33798
expenditures in rural areas
Cumulative Total Value 76.121
Kaiser-Meyer-Olkin Sampling Adequacy 0.931
Bartlett's Test of Sphericity Ki Kare Degeri 6421.172
S. Degeri 276
p .000
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The analysis of the factors affecting the satisfaction level of tourists is given in Table 7. The satisfaction
level of tourists was taken as the dependent variable. The 27 variables that make up the satisfaction level of
tourists were measured with Likert scale and the Likert average of 27 variables was used as the dependent
variable.

Table 7. Analysis of factors affecting the satisfaction level of tourists

Standardized

Unstandardized Coefficients

Coefficients t Sig.
B Std. Error Beta

(Constant) 3.768 .250 15.099 .000
Age -.003 .003 -.050 -.840 402
Education .052 .042 .077 1.237 217
Profession -.018 .020 -.051 -.864 .388
Monthly Income 1.789E-6 .000 .034 .548 .584
Membership in any
environmental organization -.083 077 -.062 -1.084 279
(Institution, Association,
Foundation, etc.)
Frequency of radio listening -.017 .026 -.038 -.658 .511
Frequency of television -035 027 082 -1.306 193
viewing
Frequency of internet use .026 .032 .064 .810 419
Ezq”ency of social media 065 031 158 2.094 .037°
Cultural Values 151 .034 .246 4.413 .000™
Site selection in rural areas .042 .035 .069 1.227 221
Economic Factors .206 .035 335 5.863 .000™
Environmental Factors 136 .035 222 3.924 .000™

R2:28.50 F: 7.481 Durbin Watson: 1.990 Sig: .000

*p<0,05, **p<0,00
SLT; = 3.768 + —0.0034, + 0.052E, + —0.0180; + 1.789Mi, + —0.083MEOs + —0.017R, + —0.035T,
+ 0.02615 + 0.0655Mq + 0.151CV,, + 0.042SRA;; + 0.206EF,, + 0.136ENF;5

According to the result of multiple linear regression analysis, 4 factors were found to be statistically
significant in the analysis of the factors affecting the level of tourists' benefit and satisfaction from rural tourism
(p<0.00, p<0.05). The explanation rate of the dependent variable of the independent variables is 28.50%. A
positive significant relationship was found between cultural values, economic factors, and environmental factors
and the level of satisfaction of tourists at a significance level of 1% (Haldar, 2007; Demirovi¢ et al., 2019) In their
studies, they drew attention to the fact that handicrafts and cultural values attract attention and also emphasized
that factors such as landscape, farm life, and architectural structure affect the satisfaction levels of tourists (Park
and Yoon, 2009; Demirovi¢ et al., 2019; Dong et al., 2013; Leco et al., 2013; Carneiro et al., 2018; Porutiu et al.,
2021).

A positive significant relationship was found between the frequency of social media use and the
satisfaction level of tourists at the 5% significance level. Communication and social ties with local people help
visitors interact and integrate with local communities (Wu et al., 2017; Demirovi¢ et al., 2019). Determining the
satisfaction levels of tourists in rural tourism is important for the sustainability of tourism studies (Devesa et al.,
2010). The relationship between motivation and satisfaction has been determined in many studies (Ibrahim and
Gill, 2005; Laguna and Palacios, 2009; Oliver, 1980; Severt et al., 2007).

CONCLUSION AND RECOMMENDATIONS

Considering the opinions, satisfaction levels and expectations of tourists, boutique hotels, inns,
restaurants, cafes, cafes, boats and small business owners should offer the best service at an affordable price.
Although the satisfaction of tourists regarding payment is at a satisfactory level, it is necessary to ensure
compliance with the standards and to carry out inspections by the relevant units. Rural tourism is one of the
alternative tourism types. Rural tourism has attracted a lot of attention recently. In order for rural tourism to
develop and reach wider masses, general awareness should be raised through necessary promotion and
information. Limited job opportunities and low female employment in rural areas have a negative impact on
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development. Turning rural tourism into a profession supports the reduction of unemployment and increases
women's employment. This development should be supported by the opening of vocational training centers for
women in the region. In particular, trainings should be provided to women by Non-Governmental Organizations
(NGOs). Increasing the advertising and branding activities of the rural tourism center and promoting the region
is important for marketing. With the increase in these activities, the number of tourists coming to the region will
also increase. Both regional and national mass media should be utilized for the advertisements of Nallithan
district. Tourists coming to rural areas for tourism purposes should also be informed about rural tourism. In
particular, tourists should be more careful and conscious about environmental problems in order to transfer rural
areas to future generations. Posters and brochures should be prepared in this direction. The lack of a strong
website can be considered as an important disadvantage of Nallihan advertising. A website is an effective
communication and marketing tool for a destination. In addition to the website, effective use of social media and
taking and sharing professional photos specific to the region are also important for the promotion of the region.
Social media trainings should be provided to the businesses in Nallihan district and social media should be actively
used in terms of promotion and marketing. It is understood that the people are friendly and hospitable to visitors
to the region. However, it is seen that the local people of Nallihan do not have enough information about their
own touristic places. For this reason, a travel program should be organized for local people and tradesmen to
increase the tourism awareness of the people living in the region. In addition, the level of awareness should be
increased by organizing meetings for local people and tradesmen about Nallihan tourist areas. Needlepoint
making and use is quite common in Nallihan, which is on the historical Silk Road. Silk needle embroidery provides
serious women employment in the district. Based on this, it may be useful to open handicraft departments in
the district and give certificates. In addition, branding and product diversification should be ensured in needle
embroidery. For those who want to become entrepreneurs, information should be provided about the support
and grants of development organizations and awareness should be raised on project preparation. The
development of silkworms and products in Nallihan is very important for tourism. Cooperatives should be
established for silkworm farming and products and production should be carried out. The difficult transportation
of Nallihan district causes the region to be less visited. Focusing on solving the transportation problem will enable
the region to receive more tourists. In solving the transportation problem, highways should be arranged and ring
buses should be increased. Rural tourism has an important place in Nallihan district. There are sufficient cultural,
natural and human resources for rural tourism. Effective use of these resources can increase rural tourism
income in Nallihan district, which is based on agriculture, and create an important alternative source of income.
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ABSTRACT

The agricultural sector has historically been significant. However, today, even though the share of the
agricultural sector in the total output is lower compared to other sectors in both developed and developing
countries, it remains a sector of great importance in terms of both food production and economic indicators. To
reveal the economic impacts of the agricultural sector, this study examines the relationship between agricultural
exports, agricultural employment, and economic growth in Turkey for the period 1990-2022. In the study, per
capita income is used as an indicator of economic growth, the share of agricultural exports in total exports as an
indicator of agricultural exports, and the share of agricultural employment in total employment as an indicator
of agricultural employment. The ADF and Phillips-Perron (PP) unit root tests and the ARDL bounds testing
approach were used as methods in the study. According to the obtained results, there is a cointegration
relationship for the model. Based on the long-term coefficients, agricultural exports increase economic growth,
while agricultural employment decreases it. According to the short-term results, there is no deviation in
agricultural employment, while agricultural exports also statistically significantly and positively affect economic
growth in the short term. Turkey should increase agricultural mechanization and shift agricultural employment
to other sectors. Furthermore, instead of exporting agricultural products as raw materials, processing them and
exporting them as higher value-added products would contribute more to economic growth.

Key Words: Agricultural Exports, Agricultural Employment, Economic Growth, ARDL, Tirkiye

Tiirkiye’de Tarimsal ihracat ve istihdamin Ekonomik Biiyiime Uzerindeki Etkisi: ARDL
Yaklasimindan Kanitlar

0z

Tarim sektori tarihsel stirecte 6nemli bir sektér olmustur. Ancak glinimiizde de tarim sektori gelismis ve
gelismekte olan (lkelerde toplam hasila icindeki pay! diger sektorlere gore disik olmasina ragmen hem gida
Uretimi hem de ekonomik gostergeler agisindan 6nem arz eden bir sektordiir. Tarim sektériniin ekonomik
etkilerini ortaya koymak adina bu ¢alismada tarimsal ihracat ve tarimsal istihdam ile ekonomik biiyime iliskisini
1990-2022 déneminde Tirkiye icin incelenmistir. Calismada kisi basina diisen gelir ekonomik biliyime, tarimsal
ihracatin toplam ihracat igindeki payi tarimsal ihracat, tarimsal istihdamin toplam istihdam icindeki payi tarimsal
istihdam gostergesi olarak kullaniimistir. Calismada yontem olarak ADF ve Phillips-Peron (PP) birim kok testleri
ve ARDL sinir testi yaklagimi kullanilmistir. Elde edilen sonuglara gore model igin esbiitiinlesme iliskisi mevcuttur.
Uzun donem katsayilarina gore tarimsal ihracat ekonomik biylimeyi arttirirken, tarimsal istihdam azaltmaktadir.
Kisa dénem sonuglarina gore tarimsal istihdamda herhangi bir sapma s6z konusu degilken, tarimsal ihracat kisa
donemde de ekonomik blylimeyi istatistiksel olarak anlamli ve pozitif etkilemektedir. Tirkiye’nin tarimsal
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makinelesmeyi arttirip tarimsal istihdami baska sektorlere kaydirmaldir. Tarim (rilinlerini de ham ihrag etmek
yerine isleyip katma degeri daha yuksek drinler olarak ihra¢ ederek ekonomik biyiimeye daha fazla katki
saglanmalidir.

Anahtar Kelimeler : Tarimsal ihracat, Tarimsal istihdam, Ekonomik Biiylime,ARDL, Tiirkiye

INTRODUCTION

Economic growth is a crucial element that enhances a country's prosperity and accelerates the
development process. Among the factors contributing to economic growth, agriculture holds a significant
position (Yilmaz, 2019: 35). The agricultural sector is one of the fundamental sectors of the economic structure
in both developing and developed countries. The export potential of this sector has direct effects on economic
growth (Demir and Aksoy, 2020: 78).

Agricultural exports are essential for both national and international economic development. On one
hand, agricultural exports increase the country's foreign exchange earnings, thereby alleviating current account
deficit problems; on the other hand, they improve overall economic balances. Moreover, the competitiveness of
agricultural products in foreign markets presents new opportunities for domestic producers and enhances
efficiency in the sector (Kara, 2021: 142). This situation contributes to agricultural exports to economic growth
more evident (Oztiirk, 2018: 56). In this context, increasing agricultural exports significantly contributes to the
sustainable growth of the national economy.

The agricultural sector also creates a wide employment area, reducing unemployment in rural areas and
increasing social welfare (Glines, 2017: 89). The contribution of agricultural employment to economic growth is
of critical importance, especially in terms of raising the income levels of the population living in rural areas and
developing these regions. Employment opportunities provided in the agricultural sector play a role in the
sustainability of economic growth (Celik et al. 2020:460). Indeed, the positive effects of agricultural activities on
employment in rural areas ensure that economic development is balanced and inclusive.

In research on the impact of exports on economic growth, the contribution of sectoral exports to growth
and the importance of sectoral specialization are emphasized. Particularly in less developed countries, Singer
and Prebisch (1950) argued that agricultural exports are critical for national economies, but the terms of trade
are disadvantageous for these countries. It is stated that the terms of trade of agricultural production negatively
affect national economies in two ways. The first relates to cost increases and the different institutional
characteristics of factor markets. The other view is that technical progress benefits the industrial sector more
than the agricultural sector (Emami and Mahdi, 2011: 145-160).

This study aims to research the effects of agricultural exports and employment on economic growth within
the framework of the Cobb-Douglas production function. According to the Cobb-Douglas model, economic
growth is shaped by the interaction of production factors (Cobb and Douglas, 1928: 150). In this model,
agricultural exports are one of the factors that have a direct impact on production (Y). Increasing agricultural
exports can stimulate economic growth by raising the country's overall income level (Grossman and Helpman,
1991: 30). Moreover, increasing employment (L) in the agricultural sector can positively contribute to economic
growth by enhancing labor productivity and, consequently, production (Feenstra and Hanson, 1996: 240). In
addition, with the increase in agricultural exports, technology transfer and capital investments (K) may also rise,
which can support economic growth in the long term by triggering productivity increases (Romer, 1986: 1002).
Therefore, this study aims to provide a theoretical framework to understand the role of agricultural exports and
employment in economic growth and to quantitatively analyze these effects.

This study is organized into five sections. After the introduction, the second section presents the
literature, the third section presents the data set and methodology, the fourth section presents the findings and
discussion, and the last section presents the conclusions and recommendations.

LITERATURE REVIEW

Export is considered the driving force of trade, and trade is regarded as the fundamental dynamic of
economic growth. An increase in exports can contribute to the expansion of trade volume and, consequently, to
the rise in GDP growth rates. There is a broad literature examining the nexus between economic growth and
export. Studies on the effects of agricultural exports on economic growth are generally divided into positive and
negative effects. Among the positive effects are the studies by Grossman and Helpman (1991) , Oztiirk (2018),
Yilmaz (2019), Demir and Aksoy (2020), and Kara (2021). These studies show that agricultural exports stimulate
economic growth by increasing the country's GDP and improving overall economic balances by raising foreign
exchange earnings. On the other hand, studies by Emami and Mahdi (2011) and Singer and Prebisch (1950)
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discuss that agricultural exports can limit economic growth, particularly in cases where terms of trade are
disadvantageous, and create negative effects due to low added value. These different approaches indicate that
the impacts of agricultural exports on economic growth may vary contingent on the country's conditions and
trade dynamics. Furthermore, when examining other studies in the literature, Adalet (2004) investigates the
affiliation between agricultural exports and economic growth using a multiple regression model for developing
countries. It has been observed that agricultural exports significantly contribute to economic growth, especially
in developing countries. These effects manifest in the form of foreign exchange earnings and employment
growth. Dawson (2005) examining the effect of agricultural exports on economic growth across 62 countries
during the period from 1974 to 1995. Fixed effects and random effects models were applied in this study. The
analysis results demonstrated how significant agricultural exports are for economic growth, suggesting that
agricultural exports can be described as a driver of growth. It was proven that agricultural exports make a
substantial contribution to economic growth. Faridi (2012) used the Johansen cointegration method to estimate
the nexus between Gross Domestic Product (GDP), agricultural exports, and non-agricultural exports in Pakistan
for the period 1972-2008. The study found that agricultural exports do not affect economic growth, while non-
agricultural exports positively contribute to the country's economic growth. Mehrara and Baghbanpour (2016)
researched the contributions of agricultural exports and industrial to economic growth in emerging economies.
Covering 34 developing countries from 1970 to 2014, their panel data analyses concluded that the nexus
between economic growth and industrial exports is positive and statistically significant, whereas the relationship
between agricultural exports and economic growth is weak. Demir (2022) examined the effects of Turkey's
agricultural exports and goods and services exports on economic growth using data from 1988 to 2018. Linear
and quantile regression methods were used, and the normal distribution of the data was run using Kolmogorov-
Smirnov and Shapiro-Wilk tests. The study emphasized the significant impact of raw agricultural product exports
on the Turkish economy, highlighting the importance of considering external demand in agricultural production
and taking steps to increase productivity. Kara et al. (2024) examined the relationship between exports and
economic growth at a sectoral level, focusing on the contributions of agricultural and industrial export products
to the Turkish economy. Using the VAR and Johansen cointegration test, the study investigated the impact of
agricultural and industrial exports on economic growth. The results indicated that both agricultural and
manufacturing exports positively influence economic growth, with manufacturing exports contributing more
significantly.

Some studies,in others, found a negative relationship between agricultural exports and growth. For
instance, Sandalcilar (2012) examined the relationship between economic growth and export in Turkiye and the
validity of the export-led growth hypothesis. Using quarterly data from 1987 to 2007, the study analyzed the
relationship among economic growth, agricultural exports, non-agricultural exports, and total exports using
cointegration, error correction model (VECM), and the Toda-Yamamoto model. The analysis showed that the
export-led growth hypothesis holds in Turkey, indicating strong unidirectional causality from exports to economic
growth in both the short and long run. Shan and Farooq (2015) researched the contribution of agricultural
exports to economic growth specifically in Pakistan. Applying empirical tests using data from 1972 to 2008, the
study's findings suggest that the effect of raw material-based agricultural exports on economic growth is
insignificant. Kyaw (2017) studied the effect of agricultural exports' main products on economic growth in the
Association of Southeast Asian Nations (ASEAN) countries. The study utilized fixed effects and random effects
regression models. The analysis results revealed a statistically significant negative linkage between primary
agricultural commodity export and economic growth. In contrast, non-agricultural exports were displayed to
have a strong and positive impact on economic growth. Siaw et al. (2018) investigated the relationship between
agricultural exports and economic growth in Ghana using the ARDL approach for the period 1990Q1-2011Q4.
The analysis results demonstrated that cocoa exports have a significant positive effect on economic growth both
in the long-run and short-run. However, pineapple and banana exports were found to have negative effects on
economic growth. Aslan (2022) examined the impact of Turkey's agricultural product exports on economic
growth using annual data from 1982 to 2020. Through the ARDL model analysis, the long-term coefficients
identified in the analysis results showed that the coefficient for agricultural product exports was statistically
insignificant. This indicates that agricultural product exports do not contribute to the export-led growth
hypothesis in the agricultural sector.

Other group studies researched the causality nexus between agricultural export and economic growth.
Yetiz and Ozden (2017) examined the causality relationship between Turkey's GDP and the agriculture, industry,
and services sectors using annual data from 1968 to 2015. Engle-Granger causality analysis was employed for
this purpose. According to the analysis findings, a one-way Granger causality relationship was found from the
agricultural sector to GDP, industry, and services sectors; however, it was determined that the agricultural sector
is not influenced by the other sectors. Oz and Das (2019) examined the connection between agricultural
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production and economic development using annual data from 1991 to 2017 for both developed and developing
countries. In their study using Granger Causality analysis, no causality relationship was found. However, it was
shown that income has a positive short-term effect on agricultural productivity. Kopuk and Megik (2020)
researched the effects of Turkey's manufacturing and agricultural sector trade values on economic growth using
data from 1998 to 2020. According to the causality test, a two-way causality relationship between the agricultural
sector and manufacturing industry and a one-way causality towards GDP were identified. These results indicate
that investments in both the manufacturing industry and the agricultural sector contribute to economic growth.
Turhan and Erdal (2022) investigated the connection between agricultural employment and economic growth in
Turkey from 1990 to 2019. The study examined gross domestic product (GDP), employment, and agricultural
employment data. Stationarity analysis and causality tests were applied to analyze the model. It was found that
there is a unidirectional causality linkage from agricultural GDP to agricultural employment, and from agricultural
employment to total employment. Erding and Aydinbas (2023) examined the affiliation between economic
growth and agricultural product exports in Turkey from 1990 to 2020, employing the structural break time series
analysis method. The results of the Toda-Yamamoto causality test indicated a bidirectional causality relationship
between agricultural product exports and per capita income.

Studies on the effects of agricultural employment on economic growth present both positive and
negative outcomes. Research by Lewis (1954), Gollin, Parente, and Rogerson (2002), Syrquin (1988), and Timmer
(1988) argue that high employment rates in the agricultural sector can limit economic growth due to low
productivity and inefficient resource utilization. These studies suggest that surplus labor in the agricultural sector
hinders transitions to the industrial sector, thereby slowing overall economic growth. Conversely, studies by
Glines (2017), Celik (2016), Binswanger and Mclintire (1987), Johnston and Mellor (1961), and Ranis and Fei
(1961) indicate that agricultural employment reduces unemployment in rural areas, enhances social welfare by
increasing production and productivity, and positively contributes to economic growth. These positive effects
are particularly crucial for rural development and increasing income levels. Ozdemir and Yildirim (2013) ran the
Granger causality linkage between employment and economic growth using the wavelet approach for the period
from January 2005 to April 2013. They found a unidirectional causality from growth to employment in the original
series, while bidirectional causality was observed as frequency decreased. However, the empirical findings did
not support the causality nexus between the variables. Biyase and Bonga-Bonga (2015) examined the
relationship between economic growth and employment in the context of South Africa. Using Structural VAR
(SVAR) analysis, they examined three key variables: economic growth rate, employment rate, and total
investments, with total investments used as a control variable. The study analyzed annual data from 1970 to
2008. The results indicated that the employment rate had a very weak response to economic growth.
Consequently, the hypothesis that growth does not create employment was deemed valid in the South African
context. Gormus (2019) utilized microdata from the Turkish Household Labor Force Survey to examine gender
differences in the linkage among demographic, agricultural employment, and employment-related variables
using contingency table analysis and chi-square tests. The results indicated that women were employed in
agriculture at a higher rate than men, but they were disproportionately affected by precarious forms of
employment such as unpaid family labor, part-time work, temporary or seasonal employment, and informal
employment compared to men. Aigheyisi and Edore (2021) explored the impact of economic growth on
employment in the service sector in Nigeria. They employed the ARDL approach and included variables reflecting
trade openness, inflation, and financial sector development alongside economic growth in their model. The
findings demonstrated that economic growth positively influenced employment in the service sector in both the
short and long terms in Nigeria. Ding (2022) analyzed the impact of the agricultural employment, industrial, and
service sectors on economic growth in Turkey from 1968 to 2020. Employing Bootstrap Toda-Yamamoto
Causality Analysis, the study identified a unidirectional causality relationship from agriculture to growth. A
mutual relationship was discovered between the service sector and economic growth, whereas no causality
relationship was detected between the industrial sector and economic growth. Telli Ugler (2022) compared
sectoral employment rates and economic growth in Turkey from 1992 to 2020. The study applied Granger
Causality tests to the agricultural, industrial, and service sectors, revealing a causality relationship between
employment in the service and industrial sectors and economic growth, while no causality was found between
agricultural employment and growth. Baskak (2023) analyzed the impact of sectoral employment rates on the
economies of Turkic Republics that gained independence in 1991, covering the period from 1991 to 2019.
Utilizing second-generation panel data analysis, the study employed variables of Gross Domestic Product (GDP),
and employment rates in the agricultural, industrial, and service sectors. The findings indicated a causality
relationship from GDP to employment in the agricultural, industrial, and service sectors, as well as from
employment in the agricultural and industrial sectors to GDP.
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When similar studies in the literature are analyzed, it is seen that the effects of agricultural exports and
agricultural employment on growth are analyzed with time series and panel data methods. It can be said that
the studies reveal different results as negative and positive relationships. However, no study examines the effect
of agricultural exports and agricultural employment on economic growth together. At this point, it can be said
that it differs from other studies. It is expected that parallel results will be obtained with the literature.

MATERIAL and METHOD

This study aims to discover the impact of agricultural exports and employment on economic growth. The
economic growth indicator used is GDP per capita (constant 2015 USS), the dependent variable. The model
includes agricultural exports (% of merchandise exports) and agricultural employment (% of total employment)
as independent variables. The logarithm of the GDP variable has been taken to ensure a more accurate
representation of the model.

The dataset in this study is sourced from the World Bank database, covering the period from 1990 to 2022
with annual frequency. The longest possible time frame for the data was selected to provide a comprehensive
analysis. Descriptions of the variables can be found in Table 1.

Table 1. Descriptions of the variables

Variables Explain Period Source
GDP GDP Per Capital (constant 2015 USD) 1990-2022 World Bank
AGREX Agricultural raw materials exports (% 1990-2022 World Bank
of merchandise exports)
AEMP Employment in agriculture (% of total 1990-2022 World Bank

employment)

To visualize the trends of all variables over the period covered by the study, graphs for all variables are
presented in Figure 1. It is observed that the economic growth indicator shows a general increasing trend. The
variable AGREX, representing agricultural exports, and the variable EMP, representing agricultural employment,
generally exhibit a declining trend.

GDP AGREXP
4.2 3.5
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4.0 2.0
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Figure 1. Trends of all variables

In econometric analyses using time series data to determine whether variables have unit roots, the
starting point is to establish the stationarity levels of these variables. In other words, it addresses the question
of whether the variables exhibit unit roots. To answer this question, there are several important unit root tests
established in the literature. In this study, the Augmented Dickey-Fuller (ADF) test introduced by Dickey and
Fuller (1981) and the Phillips-Perron (PP) test introduced by Phillips and Perron (1988) have been employed.
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Dickey and Fuller (1981) assumed in their unit root test that there is no correlation among the error terms
at all steps. If there is a correlation among the error terms, the lagged values of the dependent variable will
appear on the right-hand side of the equation to address this issue. The test statistic for the ADF test under
different scenarios is obtained using Equations 1, 2, and 3 sequentially.

Ay, = 6Y,_; + e (1)
Ay, = Bo+8Y_1 te; (2)
Ay, = Bo+ Pt +6Y_1 + e, (3)

If there is autocorrelation in the error term (error term) in Equation 3, then this equation is restructured
as Equation 4. In this equation, lagged difference terms are used, and the number of these terms is usually
determined empirically. The fundamental purpose of restructuring the equation in this way is to include terms
in the model that will ensure the error term is free from autocorrelation.

Ay, = Bo + Pit + 6V + a XL AV + e (4)
Phillips and Perron (1988) perform nonparametric tests alongside each ADF test using a unit root test.

These are referred to as Z-tests. Monte Carlo studies have shown that the PP test tends to reject the unit root
hypothesis when there is a negative moving average. However, when there is a positive moving average, the PP
test tends to perform well. Economic theory can sometimes provide insight into this distinction. In the absence

of such prior knowledge, it is advisable to conduct both tests in a complementary manner (Bozkurt, 2013, 43-
44). The test statistic for the PP test is obtained using Equation 6.

Ay, = Bo + Bit +8Y,_ 1 +e; (5)

In time series analysis, cointegration methods hold significant importance, and various tests can be
employed. Pesaran, Shin, and Smith (2001) developed the Autoregressive Distributed Lag (ARDL) bounds test,
which is a flexible method that can be used under the condition that variables are not I(2). One of the major
advantages of this test is that it does not require variables to be stationary at the same level. The formulation of
the cointegration model between variables can be expressed as shown in Equation 6.

Ay = a+ BiYeq + BoXeoq + T vidYe + Z?:l 8;AX_j + e (6)

In Equation 7, a and B represent the cointegration parameters, y denotes the lag lengths, and € stands
for the error term. This model captures both short-run and long-run relationships and provides reliable results
even with small samples. The ARDL bounds test is a preferred method, especially when variables exhibit different
levels of stationarity in datasets (Gllmez, 2015). In a study investigating the relationship between economic
growth, agricultural exports, and agricultural employment in Turkey, the long-run relationship as formulated in
Equation 6 was examined using the equality presented in Equation 7, following the ARDL bounds test approach.

AGDP; = By + 1GDP;_1 + [, AGREX;_1 + B3AEMP;_; + Zle a,; GDP._; + Zle a,; AGREX,_; +
Z?=1 az; AEMP._; + & (7)
In Equation 8, t — i represents the appropriate lag length calculated according to the Akaike Information
Criterion, while § and « test the long-run relationship between variables. In the study, the short-run relationship

using the error correction model of the ARDL bounds test was investigated with the equality shown in Equation
9.

AGDP, = ag + Y, a; GDP,_; + Y, ay; AGREX,_; + YF_ a3; AEMP,_; + QECT;_; + &, (8)

In Equation 9, a\alphaa represents short-term changes. The error correction term (ECT) is a short-term
variant that indicates the speed of adjustment towards equilibrium deviations and typically follows a normal
distribution between -1 and 0. If statistically significant, this indicates that deviations in the short term are
corrected towards equilibrium in the long term. The model's adherence to a normal distribution is examined
using CUSUM and CUSUMAQ charts, while autocorrelation issues are checked using the Breusch-Godfrey LM test.
The problem of varying variance is tested using the Breusch-Pagan-Godfrey test.

The ARDL bounds test approach determines whether the null hypothesis Hy =, =8, =3 =0 is
accepted or rejected based on the F-statistic. If the F-statistic exceeds the upper bound value, the null hypothesis
is rejected, indicating a long-run relationship among the variables. Conversely, if the F-statistic is below the lower
bound value, it suggests no long-run relationship between the variables (Pesaran et al., 2001).

250



Turk Tarim ve Doga Bilimleri Dergisi 12(1): 245-256, 2025

FINDING AND DISCUSSION

Table 2 presents the unit root test results for the variables constituting the study's model. According to
the results obtained, the variable LGDP, representing economic growth, contains a unit root at levels in both ADF
and PP unit root tests. Taking the first difference of GDP makes it stationary at the 1% significance level for both
constant and constant plus trend models, according to both test statistics. The variable AEXP, representing
agricultural exports, is stationary at levels in the ADF test for the constant model and at levels for both the
constant and constant plus trend models in the PP test. AEXP becomes non-stationary in levels but stationary in
the first difference for the non-stationary model. The variable AEMP, representing agricultural employment, is
not stationary at levels according to both ADF and PPP unit root tests for both constant and constant plus trend
models, but it becomes stationary after taking the first difference. Based on the unit root test results, the
variables constituting the model are stationary at levels 1(0) and I(1). In other words, they are not stationary in
the same order. In econometric empirical analysis, cointegration tests are applied after unit root test results.
Since the variables are stationary at different levels and do not satisfy the condition of being I(2), empirical
analyses will be conducted using the ARDL approach (Celik, 2022:8).

Table 2. Unit Root Tests Results

Level First Difference
Models ADF PP ADF PP
C 0.634 19.583 -56.600""" -63.8317"
LGDP [0.988] [0.999] [o.ooo*]** [0.0003**
C+T -24.617 -23.578 -57.073 -83.125
[0.343] [0.393] [0.000] [0.000]
C - 47.583"" - -
39.764™" [0.000] - -
LAEXP [0.004]
C+T -12.123 34.634" -120.149™ -
[0.885] [0.060] [0.000] -
C -15.360 -14.650 -44.067"" -43.846™""
AEMP [0.502] [0.537] [o.oool** [0.001*]**
C+T -10.483 -13.671 -43.892 -43.708
[0.921] [0.850] [0.008] [0.008]

Notes: C: Constant model. C+T: Constant and trend model. *** and * denote significance at the p<0.01 and p<0.1 levels,
respectively.

Before proceeding with the implementation of the ARDL approach, it is necessary to determine the
appropriate lag length. The results for the appropriate lag length are shown in Table 2. According to the Akaike
Information Criterion (AIC), the lag length is 3, while according to the Schwarz Information Criterion (SIC), it is 1.
However, since AIC is supported by other information criteria and is considered stronger than others, the lag
length chosen is 3 (Lutkepohl, 2006; Salman et al., 2022; Celik, 2022).

Table 3. Lag Length Determination Results

Lag LoglL LR FPE AIC SC HQ

0 -30.010 NA 0.001 2.276 2.418 2.320
1 61.191 157.244 6.78e-0 -3.392 -2.826" -3.215
2 66.209 7.6143 9.14e-0 -3.117 -2.127 -2.807
3 84.256 23.647" 5.20e-0" -3.7417 -2.327 -3.298"

Note: The * symbol indicates the appropriate lag length for each information criterion.

The study's model was examined using the ARDL approach based on the appropriate lag length.
Cointegration results are presented in Table 3. The F-statistic value is 5.811520, indicating a cointegrating
relationship among the variables constituting the model at the 5% significance level. In other words, there is a
long-run relationship among the variables in the model.
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Table 4. ARDL Bounds Test Approach Results

Test Statistics Value K

F-statistic 5.811520** 4
Critical Bound Values

Significant Levels 1(0) Bound 1(1) Bound

%1 5.15 6.36

%5 3.79 4.85

%10 3.17 4.14

Note: ** denotes significance at the 5% level, respectively.

The ARDL bounds test approach was examined in terms of diagnostic statistic tests including Breusch-
Pagan-Godfrey, Breusch-Godfrey LM, Jarque-Bera, and Ramsey RESET, and the results are shown in Table 5. In
these tests, the probability (p-value) values for serial correlation, heteroskedasticity, specification errors, and
normality of distribution should exceed 0.05. Therefore, it is observed that the probability (p-value) values of the
diagnostic statistics meet the required condition. In other words, the model exhibits no serial correlation, no
heteroskedasticity issues, no specification errors, and follows a normal distribution.

Table 5. Diagnostic Statistics Tests

Tests X? (P-Value) Results
Breusch Godfrey LM 0.497 No serial correlation

Breusch Pagan Godfrey 0.777 No heteroskedasticity

Ramsey RESET Test 0.668 No specification error
Jarque-Bera Test 0.056 Errors are normally distributed

Through the analysis employing the ARDL approach, cointegration relationships were established and
after confirming the necessary assumptions, long-run coefficients were estimated. These coefficients are
presented in Table 5. It was found that agricultural exports (AGREX) significantly and positively affect economic
growth at the 1% level of significance. Specifically, a 1% increase in agricultural exports leads to a 0.246% increase
in economic growth. In other words, a positive relationship between agricultural exports and economic growth
was identified. These findings are consistent with Kara et al. (2024) and Erding and Aydinbas (2019), who also
found significant links between agricultural exports and economic growth. Previous studies by Balassa (1985)
and Michaely (1977) have highlighted the foreign exchange earning effects of agricultural exports and their role
in rural income growth, thereby promoting economic growth. These studies emphasize that agricultural exports
contribute to infrastructure development, technology transfer, and increased employment, supporting economic
growth.

On the other hand, agricultural employment (EMP) was found to have a statistically significant negative
impact on economic growth at the 1% level of significance. This implies that agricultural employment negatively
affects economic growth. This result is consistent with other literature. Early studies by Kuznets (1955) and Lewis
(1954) argued for a reduction in the share of agricultural employment during economic development, suggesting
that a shift of labor from agriculture to industry and services would accelerate economic growth. Lewis' dual-
sector model posited that countries with high agricultural employment experience slower economic growth until
labor shifts away from agriculture. Johnston and Kilby (1975) found that high agricultural employment countries
faced hindered economic growth due to low productivity and limited capital accumulation. These studies
underscored that inefficiencies and technological deficiencies in the agricultural sector could adversely impact
overall economic growth. Gollin, Parente, and Rogerson (2002), as well as Dercon and Gollin (2014), suggested
that high levels of employment in agriculture could restrict sufficient labor supply to non-agricultural sectors,
thereby slowing down economic growth. Additionally, the low educational and skill levels among agricultural
workers were seen as barriers to economic growth.

In conclusion, this literature review summarizes various studies indicating that countries with high
agricultural employment may experience adverse effects on economic growth. Factors such as low agricultural
productivity, limited technological innovations, and low education levels in the sector are highlighted as potential
impediments to overall economic growth. These findings suggest that investments in and shifts of labor to non-
agricultural sectors could promote economic growth.
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Table 6. ARDL Long-Run Coefficient Results (1.3.0)

Variables Coefficient t-statistic P-value
AGREXP 0.246%** 5.266 0.000
A”EMP -0.021*** -9.344 0.000
R-squared 0.556 F-statistic 7.854
Adjusted R-squared 0.485 Prob.(F-statistic) 0.000

Note: *** | denotes significance at the 1% level, respectively. Lag lengths were determined according to the Akaike

Information Criterion.

The short-term error correction results of the

model are also shown in Table 6. According to the results

obtained, the error correction term is statistically significant at the 1% level. The coefficient of the error

correction term, which ranges between -1 and 0, is -0

.389 and statistically significant. This coefficient indicates

that deviations in the model are corrected towards equilibrium approximately 2.5 years later. The ARDL model
(1.3.0) was estimated for these findings. Here, the appropriate lag length for the variable representing

agricultural employment (AEMP) is 0, indicating that c

hanges in agricultural employment in the short term have

an immediate effect without any delay. In other words, there is no deviation in the short term for agricultural
employment. On the other hand, the variable representing agricultural exports (AGREXP) is statistically

significant at the 1% level and positively associated.

Table 7. ARDL Short-Term Error Correction Results (1.3.0)

Variables Coefficient t-statistic P-value
Cons 1.700*** 4.398 0.000
D(AEXP) 0.105*** 4,124 0.000
D(AEXP)(-1) 0.033** 2.560 0.017
D(AEXP)(-2) 0.045*** 4.380 0.000
CointEq(-1) -0.389*** -4.353 0.000

Note: *** and ** denote significance at the 1% and 5% level

The stability of the coefficients in both short-

s, respectively.

term and long-term estimates of the model was assessed

using the CUSUM and CUSUM?2 tests. As shown in Figure 2, the distributions of CUSUM and CUSUM2 indicate

that the coefficients lie within the critical bounds. This

implies that the coefficients exhibit a stable distribution.
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Figure 2. CUSUM and CUSUM? Results

CONCLUSION AND RECOMMENDATIONS

In this study, the impact of agricultural exports and agricultural employment on economic growth was
investigated for the Turkish economy using data from the period 1990-2022. The methods employed include the

ADF and PP unit root tests, as well as the ARDL bound
agricultural export variable is stationary at the level in

s testing approach. According to the results obtained, the
the ADF test with a constant model, and in the PP test, it
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is stationary at the level for both constant and constant with trend models. Other variables exhibit unit roots at
the level and become stationary at the first difference. Due to the different levels of unit root test results for the
variables, the ARDL bounds testing approach was used. The findings reveal a long-term cointegration relationship
between the variables in the model. Agricultural exports have a statistically significant and positive effect on
economic growth, while a statistically significant and negative relationship is found between agricultural
employment and economic growth.

The results concerning the relationship between agricultural exports and economic growth indicate that
the export-led growth hypothesis is valid for agricultural exports in Turkey. In other words, a positive relationship
from agricultural exports to economic growth is observed. Agricultural exports contribute to long-term growth
by supporting rural development. Income from agricultural exports can support the development of rural
infrastructure and human capital. The adoption of sustainable agricultural practices can support the conservation
of natural resources and economic growth (Pingali, 2007). However, agricultural exports can contribute to
improving the foreign trade balance and controlling inflation. Export revenues support economic stability by
reducing current account deficit problems. A stable export sector can reduce volatility in the growth process
(Prebisch, 1950). It is understood that exports resulting from increased agricultural production in Turkey have a
significant impact on growth. On the other hand, the negative impact of agricultural employment on economic
growth can be explained by the increase in agricultural mechanization, leading to a decrease in agricultural
employment. It may also be related to low rates of technological progress in the agricultural sector. Indeed, in
economies where technological innovations in agriculture are limited, increasing agricultural employment may
not increase sectoral productivity. This may slow down growth in the long run (Gollin, Parente, and Rogerson,
2002). However, this negative relationship can be interpreted as suggesting that the workforce employed in
agriculture should transition to other sectors, and increased agricultural mechanization would be more beneficial
in terms of productivity and growth. Therefore, it can be stated that mechanization in agriculture would be more
advantageous for productivity enhancement.

Turkey is a country with high agricultural potential. Supporting agriculture, processing the products
obtained for export, and maintaining dynamic agricultural policies are of great importance. In parallel, an
increase in agricultural exports would bring foreign currency into the country and positively impact the trade
balance. Agricultural production should be carried out with modern mechanization. Farmers lacking adequate
means should be supported in acquiring machinery and equipment, enabling the workforce to shift to other
sectors and modern agriculture to be practiced.

This study has the following limitations. Since the results of the study were obtained with data from Turkey
for the years 1990-2022, the results may not be generalizable to other countries. In addition, agricultural exports
and employment depend on climatic conditions, environmental factors, and the development of non-agricultural
sectors. These variables could not be included in the study due to lack of data.

It can be suggested that future studies should remove these limitations and do the following: Although
the ARDL model is suitable for analyzing short-term and long-term relationships between variables, it does not
determine the direction of causality with certainty. In addition, it is based on linear relationships and may be
inadequate in capturing nonlinear relationships. This deficiency can be overcome by using more complex and
dynamic methods in the future.
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