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Farkli Anaglarin Hafif Cukurgobek Yenidiinya Cesidinde Verim ve Meyve Kalitesi Uzerine Etkileri*
Effects of Different Rootstocks on Yield and Fruit Quality in the Hafif Cukurgobek Loquat Cultivar

Ugur Sezer'™,  Atila Aytekin Polat?
Gelis Tarihi (Received): 25.04.2022 Kabul Tarihi (Accepted): 02.08.2022 Yayin Tarihi (Published): 15.12.2022

Oz: Calismamn amac, farkli anaglarin, Hafif Cukurgobek (HCG) yenidiinya gesidinin verim ve meyve kalitesi {izerine etkilerinin belirlenmesidir.
Denemede; Quince-A, Quince-C, BA-29 ayva anaglar1 ile yenidiinya ¢ogiir anaci iizerine asili HCG yenidiinya gesidi kullanilmistir. Arastirma
alaninda, anaci ayva olan bitkiler 1.0 m x 0.5 m, anac1 yenidiinya ¢ogiirii olanlar ise 1x1 m araliklarla dikilmistir. Calismada yer alan cesit/anag
kombinasyonlarinin meyve pomolojik ve verim 6zellikleri belirlenmistir. Meyve kalitesini belirlemek amaciyla her ¢esit/ana¢ kombinasyonundan
tesadiifi olarak 50 meyve alinmis ve 5 yinelemeli olarak fiziksel 6l¢iim ve kimyasal analizler yapilmistir. Meyve olgunlagmasi ilk olarak BA-29 ve
Quince-A anaglar iizerine agili agaglarda (17 Mayis) gergeklesmistir. Meyve agirhgi, meyve eni ve meyve boyu bakimindan en yiiksek degerler
(sirasiyla, 24.8 g, 35.5 mm ve 37.6 mm) BA-29 anacindan elde edilirken, bunu Quince-A (23.5 g, 34.9 mm ve 37.3 mm) takip etmistir. Meyve eti/tohum
orani en yiiksek (3.2) Quince-A anacinda, en diisiik (2.5) yenidiinya ¢6giir anacinda belirlenmistir. Suda ¢dziinebilir kuru madde miktar1 bakimindan,
yenidiinya ¢ogiir anaci en yiiksek degere (%11.3) sahipken, Quince-A anaci en diisiik degere (%9.2) sahip olmustur. Titre edilebilir toplam asitlik
yoniinden en yiiksek deger (%0.51) BA-29 anacindan elde edilirken, en diisiik deger (%0.34) Quince-A anacindan elde edilmistir. Meyve kabuk ve et
renk degerlerinden “L” ve “b” parametreleri bakimindan anaglar bir birine yakin degerler vermistir. “a” (kirmizi-yesil renk) degeri bakimindan ise
anaglar arasindaki farklhiliklar istatistiksel olarak énemli bulunmustur. Bitki bagina verim bakimindan en yiiksek degeri (1051 g) yenidiinya ¢ogiir
anaci vermis, bunu BA-29 anaci (955 g) izlemistir. En diisiik verim degeri ise Quince-A (587 g) anacindan elde edilmistir. Birim gévde kesit alanina
diisen verim bakimindan ise en yiiksek degeri Quince-A (1.02 g mm2) ve BA-29 (0.99 g mm?) verirken, en diisiik degeri Quince-C anac1 (0.57 g mm?)
vermistir. Anaglar arasindaki bu farkliliklar istatistiksel olarak 6nemli bulunmustur. Calismanin bulgularina gore gerek erkencilik gerek verim gerekse
meyve kalitesi bakimindan BA-29 anaci, 6teki anaglara gore daha bagarili bulunmustur.

Anahtar Kelimeler: Yenidiinya, anag, ayva, meyve kalitesi

&

Abstract: The aim of the study is to determine the effects of different rootstocks on yield and fruit quality of the Hafif Cukurgobek (HCG) loquat
cultivar. In the experiment, HCG loquat cultivar budded on Quince-A, Quince-C, BA-29 quince rootstocks and loquat seedlings were used. In the
study, the spacing of plants with quince rootstock was 1.0 m x 0.5 m, while plants with loquat seedling rootstock was 1x1 m. Fruit pomological and
yield characteristics of the cultivar/rootstock combinations in the study were determined. In order to determine the fruit quality, 50 fruits were
randomly picked from each cultivar/rootstock combination, physical measurements and chemical analyzes were carried out with five replicates. In
the study, fruit ripening was firstly realized on BA-29 and Quince-A rootstocks (May 17). In terms of fruit weight, fruit width and fruit length, the
highest values were obtained from BA-29 rootstock (24.8 g, 35.5 mm and 37.6 mm, respectively), followed by Quince-A (23.5 g, 34.9 mm and 37.3 mm).
Flesh/seed ratio was determined the highest (3.2) in Quince-A rootstock and the lowest (2.5) in loquat seedling rootstock. In terms of total soluble
solids, loquat seedling rootstock had the highest value, while Quince-C rootstock had the lowest value. In terms of titratable total acidity, the highest
value (0.51%) was obtained from BA-29 rootstock, while the lowest value (0.34%) was obtained from Quince-A rootstock. Rootstocks gave values close
to each other in terms of "L" and "b" parameters of fruit skin and flesh color values. Differences between rootstocks in terms of "a" (red-green color)
value was found to be statistically significant. In terms of yield per plant, loquat seedlings gave the highest value (1051 g), followed by BA-29 rootstock
(955 g). The lowest yield value was obtained from Quince-A (587 g) rootstock. In terms of yield per trunk cross-sectional area, Quince-A (1.02 g mm?)
and BA-29 (0.99 g mm?) gave the highest value, while Quince-C rootstock gave the lowest value (0.57 g mm2). These differences between rootstocks
were found to be statistically significant. According to the findings of the study, BA-29 rootstock were found to be more successful than other rootstocks
in terms of earliness, yield and fruit quality.

Keywords: Loquat, rootstock, quince, fruit quality
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Farkh Anaglarin Hafif Gukurgébek Yenidiinya Cegidinde Verim ve Meyve Kalitesi Uzerine Etkileri

GIRIS

Yenidiinya (Eriobotrya japonica Lindl.), Rosales takiminin Rosaceae familyasindan herdem yesil, subtropik
iklim kosullarinda, genellikle kuzey ve giiney yarikiirede 20-35° enlemleri arasinda, yetigsen bir meyve
tlirlidiir. Yenidiinya bitkisi -10 °C’ ye kadar kis soguklarina dayanabilmekte, ¢icek ve meyveleri ise -3 °C’de
zarar gormektedir (Polat, 2019).

Diinya yenidiinya {iretimi yaklasik 982 bin ton olup, Cin 919 bin tonluk {iretimle yenidiinya iiretiminin
%93.6’sn1 tek bagina karsilayarak ilk sirada yer almaktadir. Bunu 28 836 ton iiretim ile Ispanya takip etmekte
ve Tiirkiye 16 402 tonluk iiretimle 3. sirada yer almaktadir (Polat, 2021a).

Yenidiinya meyvesinin olgunlasma zamani, diger bircok meyve tiiriiniin hasadinin hentiz baglamadig: bir
doneme rastladigindan, bu meyveye karsi olan talep yiiksek olmakta ve yiiksek fiyatla alic1 bulabilmektedir.
Bu nedenle yenidiinya gerek iiretici gerekse tiiketici agisindan 6nemli bir meyve tiirtidiir (Polat ve Kaska,
1991; Polat, 1996; Ozcagiran vd., 2011).

Yenidiinyalar 5-10 m boylanan ve genis ta¢ olusturan bir agactir. Biiyiik ta¢ olusturan boyle agaglarin
yetistiricilik maliyeti yliksek olmaktadir. Bu maliyetleri azaltmak meyve agaclarmin biiyiime giiciiniin
kontrol edilmesi gerekmektedir. Bitki biiyiime giiciiniin kontrol edilmesinde de en etkili yontem bodur anag
kullanilmasidir. Bodur anag kullanimi ile elde edilen kiigiik tagli agaglarla sik dikim yapildiginda budama,
ilaglama, seyreltme ve 6zellikle meyve derimi daha kolay ve ucuz olmaktadir. Ayrica, meyve verimi ve
kalitesi ile pazarlanabilir meyve miktar1 da ytiksek olmaktadir.

Bundan dolayi, degisik meyve tiirlerinde uygun bodur anaclarin belirlenmesi amaciyla ¢ok sayida arastirma
yapilmistir. Bu arastirmalardan ozellikle calismamizda da yer alan klonal ayva anaclarmin armutlarda
kullanimz ile ilgili olanlar1 (du Plooy ve van Huyssteen, 2000; Loreti vd., 2002; Akcay vd., 2009; Sugar ve
Basile, 2011; Erdem ve Oztiirk, 2012; Francescatto vd., 2014; Ikinci vd., 2014; Uysal vd., 2015; Kiigiiker vd.,
2015; Askari-Khorasgani vd., 2019; Oztiirk, 2021a, 2021b) kayda deger sonuglar icermektedir. Ciinkii,
yenidiinyalarda bodur anag olarak kullanilma potansiyeli bulunan klonal ayva anaglari, uzun yillardir armut
yetistiriciliginde basariyla kullanilmaktadir. Buna karsmn, bu anaglarin yenidiinyalarda kullanilma
potansiyelinin belirlenmesine iliskin ¢alismalarin yeterli olmadig1 goriilmektedir. Yenidiinyalarda anaglar
ile ilgili yapilan calismalarin daha ¢ok farkli yabani yenidiinya tiirlerinin anag olarak kullanilabilmesinde as1
basarisi ve uyusmazlik durumlari (Zhang vd., 2007; 2010 ve 2011), yenidiinya ¢0giir ve ayva anaglarinda ast
basarisi (Polat ve Kaska, 1992a, 1992b; Pio vd., 2010; Polat 2018a, 2019, 2020, 2021b, 2021c), bu anaglarin
vegetatif biiytimeye etkileri (Polat ve Kaska, 1992a, 1992b; Polat 1995; Baratta vd. 2001; Pio vd., 2007),
yenidiinya ¢oglirli ve ayva anaglarinin sulama suyu veya toprak tuzluluguna toleranslarinin (Garcia-Legaz
vd., 2005; Lopez vd., 2007; Manuel vd., 2007) belirlenmesi vb. konularin1 kapsadigr goriilmektedir. Oysa,
basta elma ve armut olmak {izere, degisik meyve tiirlerinde ve yenidiinyalarda da bodur ana¢ kullaniminin
yayginlastirilabilmesi igin uygun anag¢ veya anaglarin belirlenmesi gerekmektedir. Ciinkii, yenidiinya
yetistiriciliginde {iretimin yayginlasmasini engelleyen en 6nemli problemlerin basinda ¢ogiir anaclar:
tizerindeki agaclarin ¢ok biiyiik tag yapmalari ve bunun da basta meyve seyreltmesi ve budama olmak tizere,
oteki kiiltiirel islemlerin maliyetini yiikseltmesidir.

Diinya’da yenidiinya dig satiminda ilk sirada yer alan Ispanya’da yiiksek {iretim maliyetleri, yenidiinya
{iretiminin geligsmesini siirlandiran en énemli faktérdiir. Ozellikle de meyve seyreltme ve hasat igin gerekli
yiiksek isgiicii maliyeti, toplam maliyetlerin %75'inden fazlasmni olusturmaktadir. Bu nedenle, Ispanya’da
yenidiinya iretiminin artmasinn, tiretim maliyetlerini diisiirme, {iretkenligi artirma ve erkenci iiretim ile
daha ytiksek gelir saglamaya bagl oldugu belirtilmektedir (Hueso vd., 2007). Nitekim, yenidiinyanin sik
dikim yetistiricilige uygunlugunu belirlemek icin yapilan ¢alismalardan da olumlu sonuglar alinmaistir.
Quince-C anacina agilanarak 2.5 x 1.7 m (2353 agag¢ ha') araliklarla dikilmis olan "Magdal" ¢esidinden
dikimden sonraki 2. yilda, ortalama 2.8 kg agac! verim alinmistir. Verim degeri, izleyen 2 yilda sirasiyla 10.8
kg agac¢™® (25 t ha') ve 13.0 kg agac? (30 t ha') degerlerine ulasmstir (Hueso vd., 2007). Ayni arastiricilar,
ortalama agag yiiksekliginin 1.87 m oldugunu ve agaclarin kiigiik boyutlu olmasinin, ¢igek ve meyve
seyreltmede iscilik maliyetlerini dnemli Ol¢lide diisiirdiigiinii bildirmislerdir. Bu ¢alismanin sonuglari,
erkencilik, yiiksek verim ve daha diisiik maliyetli iiretime imkan vermesi nedeniyle bodur agaclar ile sik
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dikim yenidiinya yetistirmenin, standart yetistiricilife gore daha karli bir yetistiricilik oldugunu
gostermistir.

Bu nedenle, yenidiinyalarda vejetatif biiyiimenin azaltilarak, sik dikim yapilmasi ve bdylece birim alandan
daha yiiksek verim alinabilmesi i¢in bodur anaglarin kullamilmas: gerekmektedir. Baz1 yayinlarda
yenidiinya yetistiriciliginde ayvanin anag olarak kullanilabilecegi (Morton, 1987; Lin vd., 1999; Pio vd., 2007;
Hummer ve Janick, 2010; Badenes vd., 2013; Polat, 2018b) ve ayva anaci iizerinde agaglarin bodur bir biiyiime
gostererek erken meyveye yattig1 ve meyvelerini daha erken olgunlastirdigl, meyvelerin daha iri ve kaliteli
oldugu belirtilmektedir (Demir, 1987; Polat ve Kaska, 1992a; Polat 1995; Baratta vd., 2001). Onceki baz1
calismalarda (Polat ve Kaska, 1992a, b; Polat, 1995) ayva anacinin, yenidiinya ¢0giir anacina gore yenidiinya
cesitlerinde % 20-25 bodurluk sagladig: belirlenmistir. Ayrica, yenidiinyalarda yapilan bir sik dikim
denemesinde, 3 x 3 m dikim aralifindan 6 x 6 m dikim mesafesine gore 3-4 misli daha fazla tiriin alinabildigi
belirlenmis; ve yenidiinyalarda yapilacak sik dikim denemelerinde, ayva anaglarinin, 6zellikle de BA-29
anacinin denenmesi onerilmistir (Polat vd., 2003, 2004). Pio vd. (2007) bitki boyutunu kiigiilterek, kiiltiirel
islemleri kolaylastirmasi nedeniyle, ayva anacinin, yenidiinya yetistiriciligi i¢cin 6nemli bir se¢enek oldugunu
belirtmislerdir.

Ulkemizde son yillarda yogun yetistiricilik ile ilgili farkindalign artmasiyla, yenidiinyalarda bodur anag
tizerine asili fidanlara olan talep de artis gostermesine ragmen, bu talep karsilanamadigindan, anag olarak
genellikle yenidiinya ¢ogiirii kullanilmaktadir. Ancak, yetistiricilerin bodur fidan talebinin karsilanarak
yenidiinyalarda sik dikim yetistiriciliginin gelistirilmesinin yam sira, bodur fidan ile yetistiriciligin
avantajlarinin arastirmalar ile belirlenerek, yetistiricilerin bilgisine sunulmasi gerekmektedir.

Literatiirde, ayva anaglarmin yenidiinyalarda bodurlastirici etkiye sahip oldugunun belirtildigi; ancak ayva
anaclarmin, ¢esidin meyve verim ve kalitesi ile vejetatif biiyiime {izerine etkilerinin birlikte ele alindig1 veya
hangi ayva anacinin nasil bir etkiye sahip oldugu yoniinde ¢alismalarin bulunmadig goriilmiistiir. Bunun
tizerine, Polat tarafindan 2016 yilinda baslatilan ve devam etmekte olan calismalarda, klonal ayva
anaclarmin yaru sira ali¢ ve yenidiinya ¢ogiir anaclariin yenidiinyalarda vejetatif biiytime, gicek fenolojisi,
meyve tutumu ve meyve kalite 6zellikleri ile verim tizerine etkilerinin belirlenmesi amaglanmaktadir. Bu
calismalar kapsaminda, ayva anaclarmin tiizerine asili yenidiinya cesidinin vejetatif gelisimi, fenolojik
durumu, verim ve meyve kalite parametrelerine etkileri ile ilgili ilk veriler elde edilmis, ancak bu verilerin
kesin yargilara varmak icin yeterli olmadig1 ve calismalarin stirdiiriilmesi gerektigi belirtilmistir(Akkus ve
Polat, 2021, 2022).

Devam etmekte olan arastirmalarin bir boliimiinii olusturan bu ¢alismada, ii¢ klonal ayva anacinin yani sira
calismaya kontrol anaci olarak ilave edilen yenidiinya ¢dgiir anacinin, HCG yenidiinya gesidinin meyve
verimi ile meyvelerin fiziksel ve kimyasal 6zellikleri tizerine etkileri karsilastirmali olarak incelenmistir.

MATERYAL ve YONTEM

Bu arastirma; 2019-2020 vejetasyon periyodunda, Hatay Mustafa Kemal Universitesi, Ziraat Fakiiltesi, Bahge
Bitkileri Boliimii'ne ait arastirma alanindaki yenidiinya parselinde yiiriitiilmiistiir. Arastirma alani, 36°12'
dogu ve 36°52' kuzey enlem derecelerinde olup, denizden yiiksekligi 80 metredir.

Materyal
Arastirmada; BA-29, Quince-A, Quince-C ayva anaclarma(Cydonia oblonga) asili 3 yash, yenidiinya ¢ogiir
anacina(Eriobotrya japonica Lindl.) asili 2 yasli HCG yenidiinya ¢esidine ait bitkiler kullanilmistir.

Deneme materyali agaglar Goble terbiye sistemi ile sekillendirilmis olup, damla sulama sistemiyle
sulanmistir. Ayrica, yillik teknik ve Kkiiltiirel bakim islemleri diizenli olarak yapilmistir. Denemenin
yliriitiildiigti bahgede anaci ayva olan bitkilerin dikim aralig1 1.0 x 0.5 m olup, anaci yenidiinya ¢6giirii olan
bitkilerin dikim aralig1 ise 1.0 x 1.0 metredir.

Aragtirma alanin toprak ve iklim Ozellikleri ile kullanilan anaglar ve yenidiinya ¢esidine ait bazi bilgiler
asagida verilmistir.
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Aragtirma Yerinin Iklim ve Toprak Ozellikleri

Arastirma Yerinin Iklim Ozellikleri

Deneme parselinin bulundugu bolgenin (Antakya, Hatay) iklimi Akdeniz iklimi etkisi altinda olup, kislar1
ik ve yagisli, yazlar ise sicak ve kurak ge¢cmektedir. Calismanin yiiriitiildiigii her iki yilda da en yiiksek
ortalama sicaklik agustos ayinda (sirasiyla; 28 ve 29 °C); en diisiik ortalama sicaklik ise ocak ayinda (sirasiyla;
8.1 ve 8.3 °C)) gerceklesmistir. En yiiksek sicaklik, 2019 yilinda mayis aymnda 42 °C, 2020 yilinda eyliil ayinda
47 °C olarak; En diisiik sicakliklar ise 2019 yilinda ocak ayinda 1 °C, 2020 yilinda subat ayinda -2.5 °C olarak
belirlenmistir(Anonim, 2020).

2019 yilinda en fazla yagis 334.5 mm m? ile aralik ayinda, en az yagis 0.3 mm m? ile mayis ayinda
gerceklesmistir. 2020 yilinda en fazla yagis 164.1 mm m? ile ocak ayinda meydana gelirken, temmuz, eyliil
ve ekim aylarinda hi¢ yagis olmamistir. 2019 yilinda toplam yagis miktar1 1289.8 mm m? olarak
gerceklesirken, 2020 yilinda ise toplam yagis miktar1 669.5 mm m-2 olmustur(Anonim, 2020).

Arastirma Yerinin Toprak Ozellikleri

Aragtirmanin yapildigi bahgenin 20 cm derinliginden alinan toprak orneklerinde yapilan analizlere gore
deneme alani toprag alkali 6zellikte (pH: 7.76), ¢cok az kiregli (%2.4), orta tuzlu (EC microsiemens: 446) ve
kumlu tinh (Kum: %57.37; Kil: %17.3; Silt: %25.32), organik madde bakimindan yetersiz (%1.44) ve K (73.81
ppm), P (9.78 ppm), Fe (6.43 ppm), Cu (1.13 ppm), Mn (4.69 ppm), Zn (1.4 ppm) igerigine sahip yapidadir.

Denemede Kullanilan Anaclarin ve Cesidin Genel Ozellikleri

Denemede kullanilan anaglar ile Hafif Cukurgobek yenidiinya gesidinin bazi énemli 6zellikleri asagida
verilmigtir.

BA-29; East Malling Aragtirma Istasyonu ve Fransa (Angers)’da bulunan INRA’da gelistirilen ve
bodurlastirict 6zelliginden dolay1 segilen bir anagtir. 1960’11 yillarin sonunda taninan bu anag, giiney
Avrupa’da kullanilmis ve 1980-90 yillarinda popiiler olmustur. Hendek daldirmas: ve gelik ile vejetatif
olarak kolay cogaltilabilen, kiregli topraklara dayanimu iyi, kloroza orta derecede hassas, soguk ve kurakliga
hassas bir anagtir (Hepaksoy, 2019).

Quince-A; Ingiltere’de East Malling Arastirma Istasyonu’nda gelistirilen ve en yaygin kullanilan eski bir ayva
anacidir (Hepaksoy, 2019). Daldirma ve celik ile ¢ok kolay ¢ogaltilabilen bu klon anaci, kis soguklarina
dayaniklidir. Uzerine asili gesidin biiyiime kuvvetini sinirlandirdigindan, sik dikime uygun ve yenidiinya
¢ogiiriine gore erken meyveye yatma ozelligi saglamaktadir (Hayden ve Janick, 2002).

Quince-C; Quince-A ve BA-29'a gore gelisme kuvveti daha azdir, %20-40 daha kiiglik agaglar meydana
getirdiginden, yogun dikim sistemlerine ¢ok uygundur ve ¢ogaltilmas: kolaydir. Zayif ve yiizlek kok yapisi
oldugu igin, zellikle toprak islemesi sirasinda dikkatli olunmalidir (Dondini ve Sansavini, 2012). Diger
ayvalara gore soguga tolerans: diisiik oldugu gibi sicaga dayanimi da daha az oldugundan, ¢ok sicak
bolgeler icin uygun bir anag degildir. Uzerine agilanan agaglarda verim yiiksek olmakla birlikte, bakim
kosullar1 iyi olmazsa, meyve iriligi azalabilmektedir (Hepaksoy, 2019). Quince-C, armut yetistiriciliginde
oldukga yaygin olarak kullanilan ve meyve kalitesini tesvik etme &zelligine sahip bir anagtir (Westwood,
1993).

Yenidiinya Cogiirii; Herdem yesil, subtropik iklim kosullarinda kuvvetli biiytiyen ve tizerindeki kalemi de 5-
10 metre biiyiiten bir anactir (Polat, 2021a). Bu anag {izerinde, agaclar uzun 6miirlii ve verimli olmaktadir.

Hafif Cukurgobek; Seleksiyonla elde edilmis erkenci bir gesittir. Meyveleri orta irilikte, pembe portakal renkli
ve gosterisli olup, tasimaya dayaniklidir. Yenidiinyalarda en biiyiik sorun tegkil eden Karaleke hastaliina
dayaniklidir. Kendine verimli bir gesit olup, 15-20 yash bir bah¢enin dekara verimi 1000-1200 kg’dir (Demir,
1987; Polat, 2021a).

Yontem

Meyve Kalite Kriterleri Ile Tlgili Analizler

Derim olgunluguna gelmis meyvelerden her anag icin tesadiifen 50 adet meyve Ornegi alinmis ve her
yinelemede 10 meyve olacak sekilde, 5 yinelemeli olarak Polat ve ark. (2004 ve 2005) ile Akkus’a (2020) gore
asagidaki fiziksel 6l¢iim ve kimyasal analizler yapilmistir:
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Meyve ve tohum agirliklar1 (g), 0.01 g’a duyarh dijital terazi; meyve eni (mm) ve meyve boyu (mm) 0.01
mm’ye duyarl dijital kumpas ile Olgiilerek; tohum sayisi (adet), her meyvede bulunan tohumlarin
sayillmasiyla; meyve eti/tohum orani, meyve eti agirliginin, tohum agirhigina boliinmesiyle belirlenmistir.
Meyve suyunda suda ¢oziiniir kuru madde miktar1 (%) (SCKM), dijital el refraktometresi ile; pH, dijital pH
metre ile; ve titre edilebilir asitlik (% malik asit cinsinden) 0.1 N NaOH ile titrasyon yontemiyle
belirlenmistir. Ayrica, meyve kabuk ve et rengi 6zellikleri (L*, a*,b* degerleri), bir renk 6l¢tim cihaziyla (CR-
300, Minolta, Japonya) meyvenin orta kismindaki iki bolgeden ol¢iilmiistiir.

Verim Unsurlar
Anaclarin verime etkilerinin belirlenebilmesi icin asagida belirtilen 6l¢timler yapilmaistir.

Agag basina verim (kg bitki?): Her tekerriirdeki bitkilerden hasat edilen meyvelerin ayr1 ayri tartilmasiyla
belirlenmistir.

Govde birim kesit alanina diisen verim (g mm-?): Her tekerriirdeki bitkilerden alinan meyve miktarinin, derim
tarihine yakin donemde (may1s ayinda) as1 noktasinin 5 cm tizerinden 6lgiilen gévdenin birim kesit alanina
oranlanmastyla belirlenmistir.

Birim alana verim (kg da-'): Denemede bitki basina elde edilen verim, anaglarin dikim aralig1 da dikkate
almarak dekara verime doniistiiriilerek hesaplanmistir.

Verilerin Degerlendirilmesi

Deneme, Tesadiif Parselleri Deneme Desenine gore 5 yinelemeli ve her yinelemede 6 adet bitki olacak sekilde
ylrhtiilmistiir. Verilerin varyans analizleri JMP paket programinda yapilmis ve ortalamalar arasi
farkliliklar Tukey coklu karsilastirma testi ile belirlenmistir (Steel and Torrie, 1980). Calismada % olan
degerlere ag1 transformasyonu yapildiktan sonra varyans analizi yapilmistir.

BULGULAR ve TARTISMA
Calismada, 4 farkli anacin HCG yenidiinya ¢esidinin verim ve meyve kalitesi tizerine etkileri asagida ayr1
basliklar altinda incelenmistir.

Meyve Kalite Kriterleri ile Ilgili Bulgular

Meyve agirligi ve meyve boyutlart bakimindan en yiiksek degerler, anact BA-29 olan bitkilerden elde
edilirken, en diisiik degerler ise anaci yenidiinya ¢ogiirii olan bitkilerden elde edilmistir. Anaglar arasindaki
bu farklilik, istatistiksel olarak 6nemli bulunmustur. Tohum agirlig1 ve tohum sayis1 bakimindan da BA-29
anacindan, oteki anaclara gore daha ytiiksek degerler elde edilmis; ancak bu iki 6zellik bakimindan anaglar
arasindaki farklilik istatistiksel olarak 6nemli bulunmamuistir. Meyve eti/tohum orani bakimindan en ytiiksek
deger Quince-A anacindan elde edilirken, en diisiik deger yenidiinya ¢ogiir anacindan elde edilmistir.
Anaglar arasindaki bu farkliliklar istatistiksel olarak onemli bulunmustur (Cizelge 1).

Cizelge 1. Anaglarin, HCG yenidiinya ¢esidinin meyve kalite 6zellikleri {izerine etkileri.
Table 1.The effects of rootstocks on fruit quality parameters of the HCG loquat cultivar.

l\tleyvve Meyve eni Meyve boyu Tohum Tohum Meyve

Anaclar agirligy N eti/Tohum
(mm) (mm) agirligi (g)  sayisi (adet)
(g) orani

Quince-A 23.58 a* 3490 a 37.36 a 5.59 4.06 3.23 a
Quince-C 22.08 ab 33.81 ab 34.98 ab 5.66 4.04 291 ab
BA-29 2481a 35.54a 37.67 a 6.04 4.16 3.09 ab
YD Cogiirii 18.32Db 31.72b 33.67 b 5.25 4.02 2.50b
HSDs 4.71 2.11 3.37 OD** OD 0.68

* Siitunlardaki farkli harfler, anag ortalamalari arasmda dnemli farklihiklar oldugunu gosterir (P < 0.05). ** Onemli degil.

Suda ¢oziinebilir kuru madde bakimindan en yiiksek deger yenidiinya ¢6giir anacindan, en diisiik deger
Quince-A anacindan elde edilirken (Sekil 1); titre edilebilir asitlik bakimindan en yiiksek deger BA-29
anacindan, en diisiik deger Quince-A anacindan elde edilmistir (Sekil 2). pH degeri Quince-A anacinda en
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yliksek ve yenidiinya ¢dgiir anacinda en diisiik olarak belirlenmistir (Sekil 3). Anaglarin gosterdigi bu
farkliliklar, istatistiksel olarak da 6nemli bulunmustur.
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Sekil 1. Farkli anaglar iizerine asili HCG yenidiinya gesidinin SCKM degerleri.
Figure 1. TSS values of HCG loquat cultivar grafted on different rootstocks.
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Sekil 2. Farkl1 anaglar iizerine asili HCG yenidiinya gesidinin titre edilebilir asitlik degerleri.
Figure 2. Titratable acidity values of HCG loquat cultivar grafted on different rootstocks.
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Sekil 3. Farkl1 anaglar iizerine asili HCG yenidiinya cesidinin pH degerleri.
Figure 3. pH values of HCG loquat cultivar grafted on different rootstocks.

Denemedeki anaglarin HCG yenidiinya ¢esidinin meyve kabuk ve et renkleri {izerine etkileri Cizelge 2'de
verilmistir.

Cizelge 2. Anacglarin HCG yenidiinya ¢esidinin meyve kabuk ve et renkleri {izerine etkileri.
Table 2.The effects of rootstocks on fruit skin and flesh colors of HCG loquat cultivar.

Anaglar = Meyve kzl:uk rengi — = Meyveait rengi —
Quince-A 67.95 11.10 be 57.73 68.83 8.17 ab 51.97
Quince-C 68.56 10.39 c 56.88 69.06 7.72 ab 52.00
BA-29 68.37 12.27 ab 56.54 69.19 6.94b 52.30
YD Cogiirii 67.86 13.13a 55.94 69.37 9.55a 55.39
HSDus OD** 1.83 OD oD 2.14 oD

* Siitunlardaki farkli harfler, anag ortalamalar1 arasindaki farkliliklarin 6nemli oldugunu gosterir (P < 0.05). ** Onemli degil.

Meyve kabuk renk degerleri incelendiginde; “L*” degerinin en yiiksek Quince-C anacinda, en diisiik
yenidiinya ¢ogiir anacinda; “a*” degerinin en yiiksek yenidiinya ¢ogiir anacinda, en diisitk Quince-C
anacinda; “b*” degerinin ise en yiiksek Quince-A anacinda, en diisiik yenidiinya ¢dgiir anacinda belirlendigi
goriilmektedir. “L*” ve “b*” degerleri bakimindan anaclar arasindaki farkliliklar istatistiksel olarak énemli
diizeyde olmazken, “a*” degerindeki farkliliklar istatistiksel olarak 6nemli bulunmustur (Cizelge 2).

Anaclarm, cesidin meyve kalitesine onemli etkilerinin olmasi nedeniyle bir¢ok meyve tiirtinde, farkl
anaclarin performanslarinin belirlenmesi amaciyla yapilmis ¢ok sayida arastirma bulunmaktadir. Ancak,
yenidiinyalarda oOzellikle ayva anaglarinin bodurlastirici etkisi nedeniyle kullanilmasmin Onerildigi
calismalar (Demir, 1987; Polat ve Kaska, 1992a; Polat 1995; Pio vd., 2007; Bermede ve Polat, 2011)
bulunmasina ragmen; bu anagclarin, tizerine asili ¢esidin meyve verim ve kalitesine etkilerinin birlikte ele
alindig1, hangi ayva anacinin nasil bir etkiye sahip oldugu yoniinde ¢alismalar yok denecek kadar azdur.
Literatiirde, Akkus ve Polat (2021 ve 2022) ile Tepe ve Koyuncu (2019)'nun calismalar: disinda, anaglarin
cesitler bazinda meyve Kkalitesine etkilerinin net olarak degerlendirildigi detayli bir c¢alismaya
ulasilamamuistir. Bu nedenle, calisma bulgularimizin degerlendirilmesinde, kiyaslanabilecek arastirma sayist
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oldukca sinirh kalmistir. Calismamizda degerlendirilen klonal ayva anaglarinin armutlarda kullanimina
iligkin baz1 aragtirma sonuglarma atifta bulunulmustur.

Daha once yapilan ¢alismalarda, yenidiinya ¢ogiir anacina asili olan HCG yenidiinya cesidinin meyve
agirligi 20.45 g-39.70 g arasinda belirlenmistir (Paydas vd., 1992; Polat ve ark., 2004, 2005 ve 2010; Polat ve
Caliskan, 2011). Calismamizda yenidiinya ¢ogiir anacina asili HCG cesidinin meyve agirlig: 18.32 g olarak
bulunmustur. Bu farkliigin, oncelikle deneme materyali agaclarin yaslari arasindaki farkhiliktan
kaynaklandig: diistiniilmektedir. Calismamizdaki bitkiler 2 yasinda olmasina karsin, oteki arastiricilarin
deneme materyali olarak kullanmis oldugu agaglarin yaslar1 10 ile 20 arasinda degismektedir. Ayrica,
arastirmalarin yapildig1 bahgelerin bulundugu boélgelerin toprak yapisi, ¢alismalarin yapildig: yillardaki
iklim kosullar1, meyve tutum orani ve bitki besleme durumunun gosterdigi farkliliklarin da meyve agirligini
etkiledigi belirtilebilir.

Akkus ve Polat (2021), Quince-A, Quince-C ve BA-29 anaglar1 iizerinde yetistirilen ¢esidin meyve
agirliklarini sirasiyla 18.80 g, 23.33 g ve 20.22 g olarak belirlerken; ¢alismamizda bu degerler sirasiyla 23.58
g, 22.08 g ve 24.81 g olarak ol¢iilmiistiir. Genel olarak calismamizda belirlenen meyve agirlig1 degerleri,
Akkus ve Polat'in (2021) bulgularina yakin olmakla birlikte, goriilen baz: farkliliklarin da denememizde yer
alan agaclarin bir yas daha biiyiimesi ve o yilki bitki besleme kosullarinin daha iyi olmasindan kaynaklh
olabilecegi diisiiniilmektedir. Tepe ve Koyuncu (2019), Quince-A ve yenidiinya ¢ogiir anaglarina asili ‘Akko
XIII" yenidiinya ¢esidinin meyve agirliklarini oldukga birbirine yakin (sirasiyla 42.36 g ve 40.42 g) bulmustur.
Ote yandan; Brezilya’da yapilan bir calismada, degerlendirilen bes yenidiinya genotipinin meyve agirligi
anaclara gore onemli bir farklilik gostermemis ve Portekiz ayvasi iizerine asili bitkilerde 24.0-33.7 g ve
yenidiinya ¢ogiir anacina asili bitkilerde ise 23.0-32.0 g arasinda belirlenmistir.

Calismamizda, en yiiksek meyve eni ve boyu degerleri BA-29 (sirasiyla 35.54 mm ve 37.67 mm) anacindan
elde edilirken, en diisiik degerler yenidiinya ¢ogiir anacindan (sirastyla; 31.72 mm ve 33.67 mm) elde
edilmistir. Akkus ve Polat'in (2021) yapmis oldugu c¢alismada belirlenen meyve en ve boy degerleri ile
calismamizda belirlenen degerler, Quince-C ve BA-29 anaclarinda benzerlik gosterirken, Quince-A anacinda
calismamizda daha yiiksek degerler elde edilmistir. Cin’'de yapilan bir ¢alismada ise Yunnan ayva anacina
asilanan 4 yenidiinya ¢esidinin meyve iriligi, yenidiinya ¢dgiir anacina gore daha diisiik bulunmustur (Jiang
vd., 1998).

Armutlarda yapilan farkli calismalarda da meyve agirligi ve meyve boyutlar: tizerine anaglarin 6nemli
etkisinin oldugu; ‘Forelle’ armut ¢esidinde Quince-A ayva anacinin (du Plooy ve van Huyssteen, 2000);
‘Williams’ (Cabrera vd., 2015), ‘Shahmiveh’ (Askari-Khorasgani vd., 2019) ve Deveci (Oztiirk, 2021a) armut
cesitlerinde ise BA-29 anacinin, arastirmalarda degerlendirilen Gteki anaglara gore daha yiiksek degerler
verdigi belirlenmistir. Bagka bir¢ok ¢alismada da anaglarin, armutlarda meyve agirligi ve meyve boyutlari
izerine etki ettigi belirlenmistir (Jackson, 2003; Kosina, 2003; Urbina vd., 2003; Carrera vd., 2005; Iglesias ve
Asin, 2005; Canhi vd., 2009; Stern ve Doron, 2009; Iglesias ve Asin, 2011; Oztiirk ve Oztiirk, 2014; Ikinci vd.,
2016; Pasa vd., 2017; Meszaros vd., 2019).

Tohum sayist ve tohum agirligi bakimindan en yiiksek degerler BA-29 (sirasiyla; 4.16 adet ve 6.04 g)
anacindan elde edilirken, en diisiik degerler yenidiinya ¢6giir anacindan (sirasiyla; 4.02 adet ve 5.25 g) elde
edilmistir. Calismamizda, Quince-A (4.06 adet ve 5.59 g), Quince-C (4.04 adet ve 5.66 g) ve BA-29 (4.16 adet
ve 6.04 g) anaclarinda belirlenen tohum sayis1 ve tohum agirhigr degerleri, Akkus ve Polat'm (2021)
calismasinda belirlenen degerlerden kismen daha yiiksektir. Nitekim Akkus ve Polat (2021), tohum say1s1 ve
tohum agirligini Quince-A’da sirasiyla; 3.34 adet ve 4.50 g, Quince-C’de sirasiyla; 3.82 adet ve 5.71 g ve BA-
29'da 3.58 adet ve 5.27 g olarak belirlemistir.

Meyvenin yenilebilir miktar;, meyve kalitesinde ve tercihinde 6nemli bir kriter oldugundan, bunun
belirlenmesinde meyve eti/tohum orani kullanilmistir. Calismamizda, meyve eti/tohum orani Quince-A
anacinda en yiiksek (3.23), yenidiinya ¢ogiiriinde en diisiik (2.50) olarak belirlenmistir. Ayva anaglarinin
meyve eti/tohum oranlari, Akkus ve Polat'in (2021) yaptigi calismada elde ettigi verilere benzerlik
gostermektedir. Polat (2007) ile Polat ve Caliskan’in (2011) yaptig1 calismalarda, yenidiinya ¢ogiir anacina
asili HCG cesidinde meyve eti/tohum orami 3.85-8.92 degerleri arasinda bulunmustur. Yenidiinya ¢ogiir
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anacindan elde edilen meyve eti/tohum oraninin olduk¢a diisiik oldugu gozlemlenmistir. Bunun,
denememizdeki bitkilerin heniiz ¢ok geng¢ yasta olmalarindan kaynaklanmasinin yan sira anacin etkisinden
de kaynaklanmisg olabilecegi diisiiniilmektedir.

Calismamizda, suda ¢6ziinebilir kuru madde miktarlar1 %9.24-11.30 arasinda bulunmus ve yenidiinya ¢ogiir
anaci ile BA-29 anac1 iizerindeki meyvelerin SCKM degerleri, 6teki iki anaca gore daha yiiksek bulunmustur.
Bu deger, onceki calismalarda (Paydas vd., 1992; Polat vd., 2004, 2005, 2010; Durgac vd., 2006; Polat ve
Caliskan, 2011) belirlenen %8.05-12.80 degerleri arasinda yer almaktadir. Tepe ve Koyuncu (2019), suda
¢Oziinebilir kuru madde miktarini, yenidiinya ¢ogiir anaci lizerinde yetisen meyvelerde (%10.63), Quince-A
(%9.57) anacina gore daha yiiksek bulmustur. Cin’de yapilan bir ¢calismada ise dort yenidiinya gesidinin
kuru madde miktari, Yunnan ayva anacinda, yenidiinya ¢ogiir anacina gore daha yiiksek bulunmustur
(Jiang vd.,1998). Calismamizda titre edilebilir asit degerleri %0.34-0.51 arasinda bulunmusken, Akkus ve
Polat'in (2021) ¢alismasinda %0.75-0.81 arasinda, Polat ve Caliskan’in (2011) ¢alismasinda %0.92, Tepe ve
Koyuncu’'nun (2019) ¢alismasinda ise %0.40-0.47 arasinda bulunmustur. Calismalarin bulgular1 arasindaki
bu farkhiliklarin, ¢alismalarin yapildig: yillarin ekolojik kosullarinin farkli etkisinin yani sira olgunluk
indeksinin farkliligindan veya anaglarin etkisinden kaynaklanmis olabilecegi diisiiniilmektedir. Zhang vd.
(2010) da yenidiinya meyvelerinde 6nemli bir kalite kriteri olan titre edilebilir asitlik degerinin anaca gore
degisebildigini bildirmislerdir. Calismamizda pH degerleri 3.16-3.52 arasinda oOl¢iilmiis olup, Polat ve
Caliskan’in (2011) elde ettigi deger (3.26) ile Akkus ve Polat’'in (2021) elde etmis oldugu degerlerle (3.42-3.79)
uyumlu bulunmustur.

Armutlarda yapilan calismalarda da farkli anaglarin, meyvenin SCKM igerigi, titre edilebilir asitlik ve pH
degerleri {izerine 6nemli etkilerde bulunduklar belirlenmistir. ‘Santa Maria’ (fkinci vd., 2014) ve Deveci
(Oztiirk, 2021a) armut cesitlerinde, armut ¢Ogiirii tizerinde yetistirilen meyvelerin SCKM igerigi, ayva
anagclari iizerinde yetistirilenlere gore daha yiiksek bulunmustur. Farkli ayva ve armut anaglari {izerine asili
‘Shamiveh’ armut ¢esidinde de SCKM ve TA igerigi iizerine anaclarin etkisinin 6nemli oldugu belirlenmistir
(Askhari-Khorasgani vd., 2019).

Calismamizda, meyve kabuk ve et renk degerlerinden “L*” (parlaklik-matlik) ve “b*” (sari-mavi renk)
parametreleri bakimindan anaglar birbirine yakin degerler vermistir. “a*” (kirmizi-yesil renk) degeri
bakimindan ise anaglar arasindaki farkliliklar istatistiksel olarak oOnemli bulunmustur. Meyvelerde
kirmizilig (a*=17.04) ifade eden renk degerleri bakimindan yenidiinya anaci tizerinde yetistirilen meyvelerin
hem meyve kabugunda hem de meyve etinde daha yiiksek degerler elde edilmistir.

Literatiirde, yenidiinya cesit veya tiplerinin kabuk renk degerlerinin incelendigi bazi g¢alismalara
ulagilabilirken, farkli anaglar {izerinde yetisen meyvelerin renk degerlerinin karsilastirildigi bir tek calismaya
ulasilabilmistir. ‘Akko XIII' yenidiinya g¢esidinde meyve kabuk rengi tizerine ii¢ anacin etkisini inceleyen
Tepe ve Koyuncu (2019), anaglarin, meyve kabuk rengi L* ve b* degerleri {izerine etkilerinin 6nemli (P < 0.05)
olmadigini ancak, a* degerlerinin anaclara gore istatistiksel olarak onemli farklilik gosterdigini belirlemistir.
Renkte parlakhig: ifade eden L* degeri Quince-A’da 50.91, yenidiinya ¢Ogiir anacinda 51.62 olarak
belirlenirken, yenidiinya anacinda hem a* hem de b* renk degerleri (sirasiyla;17.04 ve 40.29) daha yiiksek
bulunmustur. Calismamizda belirlenen L* ve b* degerleri Tepe ve Koyuncu'nun (2019) bulgularindan daha
yiiksek iken, a* degerleri kismen diisiik kalmistir. Bu durumun, ¢alismalarin farkli ekolojik kosullarda
yapilmis olmasindan kaynaklandig: diisiiniilmektedir.

Verim ile 1lgili Bulgular
Denemedeki anaglarm, HCG yenidiinya ¢esidinin verim parametreleri iizerine etkilerine iliskin veriler
Cizelge 3’te verilmistir.

Meyve verim Ozellikleri iizerine ayva klon anaclarinin etkisi, yenidiinya ¢6giir anacina gore daha yiiksek
olmustur. Agac basina verim, yenidiinya ¢ogiir anacinda (1051.74 g agac-1); birim govde kesit alanina diisen
verim, Quince-A anacinda (1.02 g mm-2); birim alana verim ise BA-29 anacinda, 6teki anaglara gore daha
yliksek bulunmustur. Her ii¢ verim parametresi bakimindan anagclar arasindaki farkliliklar istatistiksel
olarak 6nemli bulunmustur (Cizelge 3).
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Cizelge 3. Anaglarin, HCG yenidiinya ¢esidinin meyve verim unsurlari {izerine etkileri.
Table 3.The effects of rootstocks on fruit yield parameters of HCG loquat cultivar.

Aga¢ basina Birim govde kesit .. .
. .. . Birim alana verim
Anaclar verim alanina diisen verim
(kg da-1)
(g) (g mm-2)

Quince-A 587.62 b* 1.02a 1175 ¢
Quince-C 664.28 b 0.57 c 1329 b
BA-29 955.67 a 0.99 a 1911 a

YD Coglrii 1051.74 a 0.79b 1051d
HSDs 97.3 0.19 123.0

* Siitunlardaki farkli harfler, anag ortalamalar: arasinda énemli farkliliklar oldugunu gosterir (P < 0.05).

Meyvecilikte kullanilan anaglarin meyve verimi {izerine 6nemli etkileri oldugu gibi, anaglar meyve
olgunlagmas: siirecini de etkilemektedir. Kuvvetli anaglar {izerinde yiiksek verime karsilik, meyve
olgunlasmas: gecikebilmektedir. Bodur anaclar; kii¢iik ta¢ olusturduklarindan, aga¢ basina verimi
azaltmalarma karsin, stk dikim yapildigindan, dekara verimi arttirmaktadir. Degisik meyve tiirlerinde
anaglarin, cesidin verimi {izerine etkilerinin arastirildigt ¢ok sayida arastirma bulunmaktadir.
Yenidiinyalarda ise farkli anaglarin, gesitlerin meyve verimine etkilerinin degerlendirildigi calisma sayis1
yok denecek kadar azdur.

Ispanya’da 2.5 x 1.7 m (2353 agag ha-!) aralikla dikilen Quince-C anacina asili "Magdal" cesidinden, dikimden
sonraki 2. yilda, ortalama 2.8 kg agag-! {iriin alinirken, dikimden sonraki 3. yilda verim 10.8 kg aga¢-' (25 t
ha-') degerine ulasmistir (Hueso vd., 2007).

Brezilya'da yapilan bir calismada, farkl araliklar ile bahge kosullarina dikilmis olan Portekiz ayvasi (2 x 4
m-1250 bitki ha-?), ve yenidiinya ¢6giir (7 x 4 m-357 bitki ha-!) anaclarina asilanan 5 yenidiinya tipinin verim
(bitki basina kg ve bitki basina meyve sayisi) ve verimlilikleri (ton ha-') belirlenmistir. Bitki basina verim(kg
bitki-') ayvada 2.87-4.20 kg, yenidiinya ¢ogiiriinde 11.57-19.22 kg; bitki basina meyve sayis1 (adet) ise ayvada
122.8-168.7 adet bitki-!, yenidiinya ¢ogiir anacinda 511.3-611.7 adet bitki-! olarak belirlenmistir. Ug yillik
ortalamaya gore, ¢oglir anacinin verimliligi (5.44 ton ha-!), ayva anacindan (4.95 ton ha-') daha yiiksek
bulunmus ancak bu farkliligin istatistiksel olarak 6nemli olmadig1 belirtilmistir (Pio vd., 2007).

Akkus ve Polat (2021), 2 yasinda olan bitkilerle yapmis oldugu calismalarinda, bitki basma verim
bakimindan en yiiksek degeri BA-29 anacindan (640 g), en diisiik degeri ise Quince-A anacindan (279 g) elde
etmiglerdir. Ayn1 ¢alismada, birim govde kesit alanina diisen verim ile birim alana elde edilen verim
bakimindan da en yiiksek degerler BA-29 anacindan almuistir. Polat ve Caliskan'in (2011) yaptig1 bir
calismada ise yenidiinya ¢ogiir anaci iizerindeki 15 yasindaki HCG ¢esidinden bitki basina 30.1 kg verim
alimirken, 3 x 3 m dikim araliginda dekara verim 8400 kg olarak tespit edilmistir. Calismamizda belirlenen
verim degerleri, Akkus ve Polat'in (2021) degerlerinden ytiiksek iken, Polat ve Caliskan (2011) ile Hueso vd.
(2007)'nin degerlerinden daha diisiiktiir. Bu farkliligin en basta gelen nedeni, calismalarin yapildig: bitki
materyalinin yas farkliigidir. Nitekim; calismamizin materyali bitkiler, Akkus ve Polat'm (2021)
degerlendirdigi bitkilerden bir yas daha biiyiik iken, Polat ve Caliskan’in (2011) bitki materyalinden ise
yaklasik 12 yas daha kiigliktiir. Ayrica, calismamizin yapildigi arastirma parselindeki yenidiinya ¢ogiir
anacina asil bitkilerin dikim aralig1 (1 x 1 m) ile Polat ve Caliskan’in (2011) bitki materyalinin dikim aralig1(3
x 3 m) arasinda ¢ok 6nemli farklilik bulunmaktadir. Calismamizda yer alan ayva anaglarina asili bitkilerin
dikim aralig1 ise 1 x 0.5 m olup, Hueso vd. (2007) ile Pio vd. (2007)'nin uyguladig: dikim araliklarindan
(sirastyla; 2.5 x 1.7 m, 2 x 4 m) oldukga farkhidir. Gerek calisilan materyalin yas farkinin gerek dikim
araligindaki farkliliklarin, bitki verimini dogrudan etkileyen faktorler oldugu diisiiniilmektedir. Bununla
birlikte, arastirma alanlarindaki yillik teknik ve kiiltiirel bakim islemlerindeki farkliligin yani sira yillara
gore degisebilen ekolojik kosullarin da meyve verimi veya oteki parametreleri etkileyen faktorler oldugu
bilinmektedir. Nitekim, ¢alismamizin yiiriitiildiigii 2019-2020 vejetasyon periyodunda ¢iceklenme sonu ve
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meyve tutumu doneminde, sicakligin -2.5°C’ye diistiigii 2020 y1ili Subat ayinda meydana gelen don olayinda,
kiiciik meyvelerde 6nemli zararlanmalar goriilmiistiir. Ardindan, hasat olumundan yaklasik bir hafta 6nce,
Mayis aymnda gerceklesen 42°C’likyiiksek sicakliktan dolayr da meyvelerde giines yanikliklarma bagh
zararlanmalar ve kayiplar yasanmistir. Her iki olumsuz iklim olay1 da meyve kaybina neden oldugundan,
calisma materyali bitkilerimizin verim degerlerini 6nemli dl¢iide diistirmiistiir.

Calismamizda yer alan ayva klon anaglarmin yaygm olarak kullanildigi armutlarda yapilan birgok
calismada da anaglarin verim {izerine 6nemli etkilerinin oldugu ve genellikle ayva klon anaglarinin, armut
¢Ogiir anaclarina gore daha yiiksek verim degerlerine sahip olduklar: belirlenmistir. En yiiksek bitki bagina
verim, ‘Forelle’ armut cesidinde Quince-A anacina asili bitkilerde (du Plooy ve van Huyssteen, 2000);
‘Williams” armut ¢esidinde OHxF 333 anacina asili bitkilerde (Urbina vd., 2003); ‘Shahmiveh’ ¢esidinde BA-
29 ve Quince-A anaglarina asili bitkilerde (Askari-Khorosgani vd., 2019); Deveci ¢esidinde BA-29 ayva
anacima agil bitkilerde belirlenmistir (Oztiirk, 2021 b). Farkli armut cesitlerinde meyve verim Ozellikleri
tizerine farkli anaglarin etkisinin incelendigi baska bir¢ok calismada, verim parametreleri {izerine anaglarin
etkisinin 6nemli oldugu belirlenmis ve dekara verim ile govde kesit alanina diisen verim bakimindan da
genellikle ayva klon anacina asili bitkilerde, armut ¢ogiir anaglarina gore daha yiiksek degerler elde
edilmistir (Urbina vd., 2003; Iglesias ve Asin, 2005; Stern ve Doron, 2009; Pasa vd., 2017; Askari- Khorosgani
vd., 2019; Oztiirk, 2021 b).

Arastirmamizda, BA-29 tizerine asili bitkilerin dekara veriminin, diger anaclardan daha yiiksek oldugu
saptanmistir. Bu durum, ayva anaglarinin, yenidiinya ¢6giir anacina gore verime daha erken baslamalar1 ve
dikimi takip eden ilk yillarda daha hizli gelisme gostermeleri, su ve besin maddelerinden daha iyi
yararlanmalarindan kaynaklanabilir.

SONUC

Yenidiinya yetistiriciliginde yaygin olarak yenidiinya ¢ogiir anact kullanilmasma ragmen, modern
yetistiricilikte hedeflenen birim alandan daha fazla iirtin alma ihtiyaci, bodur anag¢ kullanimu ile sik dikim
yetistiricilik yapilmasinin dnemini arttirmistir. Ancak; ayva anaglarinin, {izerine asih yenidiinya gesitlerinin
cesitli ozellikleri iizerine etkileri konusunda literatiirde yeterli bilgi bulunmamaktadir. Gerek bu konudaki
bilgilerin yeterli olmamasi gerekse bodur fidan teminindeki sorunlar nedeniyle, yenidiinya yetistiriciliginde
hali hazirda gogunlukla yenidiinya ¢6giir anaci kullanilmaktadir. Dolayisiyla, bodur anag olarak hangi ayva
anacinin daha uygun olacag1 sorusunun cevabini tegkil edecek verilerin elde edilmesi, konuyla ilgili
arastiricilarin 6nemli bir gorevi olarak giincelligini korumaktadir. Bu bakis agisiyla planlanan ¢alismada,
bodur yenidiinya fidanlar ile sik dikilen HCG yenidiinya bahgesinde, ¢esidin meyve verim ve kalitesi
tizerine farkli ayva anaclarmin etkileri karsilagtirmali ve detayli olarak ¢alisilmistir. Bu amagla, Quince-A,
Quince-C, BA-29 ayva anaglari, yenidiinya ¢oglir anaci ile kiyaslanmis ve anaglarin meyve 6zellikleri {izerine
onemli etkilerinin oldugu belirlenmistir.

Calismamizdan elde edilen bulgular, ayva anaglarinin, yenidiinyalarda anag olarak kullanimi agisindan ilk
bulgular olmasi bakimindan oldukg¢a 6nemli ve degerlidir. Bulgularimiz, bodur fidanlarla sik dikim
yapilarak birim alandan daha fazla iirtin almanin miimkiin oldugunu gostermektedir. Genel olarak
degerlendirildiginde; BA-29 anacinin, o6teki anaclara gore daha {iistiin sonuclar verdigi goriilmektedir.
Ozellikle de birim alana verim bakimindan BA-29 anacinin, yenidiinya ¢6giir anacina gore %82 verim artist
sagladig1 belirlenmistir. Heniiz iki yasindaki agaclarda goriilen bu 6nemli verim artisinin, ileri yaslarda ¢ok
daha yiiksek degerlere ulasacagi beklenmektedir. Ancak, bu tiir calismalarda daha kesin sonuglarin elde
edilebilmesi i¢in ¢alismalarin bir siire daha devam ettirilmesi gerekmektedir.

CIKAR CATISMASI
Yazarlar bu makale ile ilgili herhangi bir ¢ikar ¢atismasi olmadigini beyan ederler.

YAZAR KATKISI
A.Aytekin Polat ¢alismay: tasarlayip, denemeyi kurmustur. Ugur Sezer, AAP'In damismanliginda bahge
gozlemlerini yaparak verileri toplamistir. AAP makaleyi yazmustir.
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Fatsa (Ordu) Yoresinden Verim Dalgalanmasi Az Olan Palaz Findik Klonlarinin Verim ve Meyve
Ozellikleri*

Yield and Nut Traits of Palaz Hazelnut Clones with Low Yield Fluctuation from Fatsa (Ordu) Region

Orhan Karakaya'*, Mehmet Fikret Balta2"~, Serkan Uzun3 ", Fikri Balta*
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Oz: Calisma, Fatsa yoresinde yetistirilen Palaz findik populasyonu igerisinde verim dalgalanmast egilimi az olan klonlari tespit etmek icin 2015, 2016,
2017 ve 2018 yillarinda yiiriitiilmiistiir. Palaz klonlari 4 yil siireyle incelenmis ve verim dalgalanmast egilimleri belirlenmistir. incelenen 145 klondan
4’{inde verim dalgalanmasi egiliminin az oldugu tespit edilmistir. Secilen klonlarda bitki verimi 152.2 g (P-3)-490.2 g (P-2), kabuklu meyve agirlig:
1.90 g (P-2)-2.05 g (P-1), i¢ agirhig1 1.06 g (P-2)-1.10 g (P-1), i¢ oran1 %53.56 (P-1)- %55.64 (P-2), kabuk kalinligi 0.93 mm (P-4)-1.17 mm (P-2), kabuklu
meyve iriligi 16.67 mm (P-2)-16.97 mm (P-1), i¢ iriligi 12.95 mm (P-4)-13.15 mm (P-2), saglam i¢ oran1 %85.98 (P-4)-%89.83 (P-1) ve kusurlu i¢ oran1
%6.97 (P-3)-%11.73 (P-2) araliginda degisim gostermistir. Temel bilegen analizleri neticesinde olusan ilk iki bilesen toplam varyasyonun %80.57’sini
aciklamistir. 1. ve 2. bilesen birgok 6zellikle iligkili bulunmustur. Kusurlu i¢ orani (-0.99) ve toplam ¢otanak sayis1 (-0.98) 1. bilegen, kabuklu meyve eni
(-0.89) ise 2. bilesen iizerine en etkili 6zellikler olmustur. Sonug olarak, verim dalgalanmasi bakimindan 6ne ¢ikan P-2 klonunun findik 1slah
programlarinda ebeveyn olarak kullanilabilecegi degerlendirilmektedir.

Anahtar Kelimeler: Corylus avellana, genetik kaynak, verim etkinligi, i¢ orani, saglam ig

&

Abstract: The study was conducted to determine the clones with tendency of low yield fluctuation in Palaz hazelnut population grown in Fatsa (Ordu)
region, in 2015, 2016, 2017 and 2018 years. Palaz clones were examined for four years and tendency of yield fluctuation were determined. It was
determined that 4 out of 145 clones investigated has tendency of low yield fluctuation. In the selected clones were determined from 152.2 g (P-3) to
490.2 g (P-2) for plant yield, 1.90 g (P-2) to 2.05 g (P-1) for nut weight, 1.06 g (P-2) to 1.10 g (P-1) for kernel weight, 53.56% (P-1) to 55.64% (P-2) for
kernel ratio, 0.93 mm (P-4) to 1.17 mm (P-2) for shell thickness, 16.67 mm (P-2) to 16.97 mm (P-1) for nut size, 12.95 mm (P-4) to 13.15 mm (P-2) for
kernel size, 85.98% (P-4) to 89.83% (P-1) for good kernel and 6.97% (P-3) to 11.73% (P-2) for poor fill. First two components formed in result of principle
component analysis were explained 80.57% of total variation. The PC1 and PC2 components were related to many traits. While the defective kernel
ratio (-0.99) and the total number of clusters (-0.98) had the most effect traits on PC1, the nut width (-0.89) had the most effect traits on PC2. As a result,
P-2 clone, which stands out in terms of yield fluctuation, can be used as parent in hazelnut breeding programs.

Keywords: Corylus avellana, genetic resource, yield efficiency, kernel ratio, good kernel
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GIRIS

Onemli bir sert kabuklu meyve tiirii olan findik (Corylus avellana L.), diinya iizerinde kuzey yarim kiirede
Tiirkiye, Kafkasya, Asya, Avrupa, Iran ve Kuzey Amerika’da dogal olarak yayilis gdstermektedir (Erdogan
ve Mehlenbacher, 2000). Findik iiretimi yapilan bolgeler genellikle iliman, kislar1 nemli ve yazlari serin bir
iklime sahiptir (Gokirmak vd., 2009). Onemli bir findik {ireticisi olan Tiirkiye (665 000 ton) diinya findik
tiretiminin %62’sini karsilamaktadir. Italya, Amerika, Azerbaycan ve Sili diger énemli findik iireticisi
tilkelerdir (FAO, 2022).

Karadeniz Bolgesi, Tiirkiye’de findik yetistiriciligi agisindan en uygun ekolojiye sahiptir. Bolgede basta
Ordu olmak {iizere Samsun, Sakarya, Giresun, Trabzon ve Diizce illeri 6nemli findik iiretim alanlaridur.
Yiizyillardir findik yetistiriciliginin yapildigi Dogu Karadeniz Bolgesi'nde findik iiretim alanlar1 sahilden
80 km igerilere ve 1200 m rakima kadar yayilis gostermektedir (Karadeniz vd., 2009). Bolgede, Tombul,
Cakildak, Palaz, Fosa ve Mincane yaygin olarak yetistirilen ve yiiksek ticari degere sahip findik cesitleridir.

Tiirkiye’de ve diinyanin bir¢ok bolgesinde yetistirilen findik cesitleri yerel popiilasyondan bagimsiz bir
sekilde secilmis ve giiniimiize kadar gelmistir (Boccacci vd., 2005). Findik genetik kaynaklar: bakimindan
zengin bir potansiyele sahip olan Dogu Karadeniz Bolgesi'nde, genetik cesitliligin ortaya ¢ikarilmasina
yonelik bir¢ok calisma yiiriitilmiistiir. Yapilan calismalar neticesinde verim ve meyve karakterleri
bakimindan iistiin olan bir¢ok birey secilmistir (Balta vd., 1997; Balik ve Beyhan, 2014; Bilgen vd., 2017;
Giiler ve Balta, 2020; islam, 2003; Karadeniz vd., 2020; Turan ve Beyhan, 2009).

Findikta 1slah hedefleri, yetistiricilik alanlarin ekolojik sartlarina ve bu alanlardaki mevcut hastalik ve
zararlilara gore degisiklik gosterir (Botta vd., 2019). Findik 1slahinda erkencilik, yiiksek verim ve i¢ orani,
iri kabuklu meyve, ince kabuk, diisitk meyve i¢ kusuru, yuvarlak sekil, dolgun i¢li meyve ve yiiksek
beyazlama orani istenilen karakterlerdir. Ayrica, ge¢ yapraklanan, verim dalgalanmas: egilimi az olan veya
hi¢ olmayan, makinali hasada uygun, kuraklik, hastalik ve zararlilara dayanikli bireylerin segilmesi ve
cesitlerin gelistirilmesi de 1slah amaclar1 arasindadir (Botta vd., 2019; Mehlenbacher, 2018).

Findik iiretimi bakimindan diinyada lider olan Tiirkiye’de findik yetistiriciliginin 6nemli sorunlarindan
biri verim diisiikliigiidiir. ABD (265 kg), dekara verim degerleri bakimindan diinyada ilk sirada yer
almaktadir. Dekara verim degerleri bakimindan Cin (200 kg), Italya (175 kg) ve Giircistan (179 kg) diger
onemli iilkelerdir. Tiirkiye ise 90 kg dekar basina verim degeriyle sekizinci sirada yer almaktadir (FAO,
2022). Verim diisiikliigiiniin sebepleri arasinda; bahgelerin yasl (Kirca, 2010), ocaktaki bitki sayisinin fazla,
sira arasl ve sira lizeri mesafelerin az olmasi (Bak ve Karadeniz, 2021; Caliskan vd., 2019), modern
yetistiricilik sistemlerinin benimsenmemesi, teknik ve kiiltiirel uygulamalar konusundaki eksikler (Balta
vd., 2021) ve tozlayic gesit eksikligi (Balik ve Bayhan, 2019) sayilabilir. Bunun yaninda, yaz aylarinda
yasanan kuraklik (Bostan ve Tonkaz, 2013) ve Ozellikle ilkbaharda gerceklesen olumsuz iklim sartlar
(Beyhan vd., 2007; Bostan, 2019) findik veriminin 6nemli 6l¢iide azalmasina neden olabilmektedir. Bu
bakimdan findik yetistiriciliginde verim ve kaliteyi arttirmaya yonelik calismalara 6nem verilmelidir.

Calismanin materyalini olusturan Palaz findik cesidi diger standart cesitlerimize nazaran verim
dalgalanmas: egilimi yiiksek bir ¢esit olup (Balik vd. 2015), aym1 zamanda tilkemiz findik {iretimi
bakimindan ilk sirada yer alan Ordu ilinde bahgelerin %35’i bu cesit ile tesis edilmis durumdadir. Bu
nedenle Palaz gesidi igerisinde verim dalgalanmasi egilimi az olan veya hi¢ olmayan bireylerin se¢imi
onem arz etmektedir. Bu ¢calismada Dogu Karadeniz Bolgesi'nde yer alan 6nemli bir iiretim alani olan Fatsa
yoresinde Palaz findik populasyonu igerisinden verim dalgalanmas: egilimi az olan veya hi¢ olmayan
klonlar1 belirlemek amaciyla yiiriitiilmiis ve belirlenen klonlar verim ve meyve Ozellikleri yoniinden
incelenmistir.

MATERYAL VE METOT

Calisma, 2015-2018 yillar1 arasinda Fatsa ilgesine bagli mahallelerde 4 yil siireyle yiiriitillmiistiir.
Calismanin materyalini, yorede yetistirilen Palaz findik ¢esidinin 145 klonu olusturmustur. Arastirmanin
yuriitiildiigi bahgelerde calisma siiresince {ireticiler tarafindan her yil benzer Kkiiltiirel ve teknik
uygulamalar (sulama harig) yapilmstir.
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Calismada findik 1slah kriterleri (verimli, ilkbahar ge¢ donlarindan etkilenmeyen veya az etkilendigi
tahmin edilen, verim dalgalanmasi egilimi olmayan veya az olan, yiiksek i¢ orani, ince kabuklu, iri meyveli,
diisiik ¢itlama orani) dikkate alinarak belirlenen 145 Palaz findik klonu 4 y1l siireyle incelenmis ve yillar
itibariyle verim dalgalanmasi egilimi az olan 4 klon segcilmistir. Klonlarin seciminde %22 verim
dalgalanmas: egilimi degeri referans alinmistir. Referans degerinin belirlenmesinde, bolgenin 2015, 2016,
2017 ve 2018 yillarindaki findik {iretim degerleri arasindaki dalgalanma egilimi dikkate alinmistir.

Secilen klonlarda verim ve meyve 6zellikleri incelenmistir. Verim 6zellikleri olarak; toplam ¢otanak sayisi,
¢otanaktaki meyve sayisi, bitki verimi, verim dalgalanmasi egilimi ve verim etkinligi belirlenmistir. Segilen
klonlarda hasattan 6nce bitki {izerindeki tiim ¢otanaklar sayilarak toplam ¢otanak sayisi belirlenmistir.
Cotanaktaki meyve sayisi, bitki tizerindeki tiim ¢otanaklarin 1'1i, 2'li, 3'lii vb. seklinde sayilmasiyla tespit
edilmistir. Bitki verimi (g), kabuklu meyve agirlifi, cotanaktaki meyve sayis: ve bitki iizerindeki toplam
¢otanak sayis1 degerlerinin birbiriyle ¢arpilmasi sonucu hesaplanmis ve g cinsinden ifade edilmistir. Bitki
verimi hesabinda saglam icli meyveler degerlendirilmistir. Verim dalgalanmas1 (%), asagidaki formiil
kullanilarak hesaplanmis ve %+ seklinde ifade edilmistir (1). Verim etkinligi (g cm), bitki basina verim
degerlerinin govde kesit alanina oranlanmasiyla belirlenmistir. Bitki gévdeleri topraktan 20 cm yukaridan
olgiilerek govde kesit alan1 hesaplanmagtir.

Ortalama bitki verimi 10 D

Verim dalgalanmasi (%) = Vi bitki verimi x 100

Secilen klonlarda hasat islemi zurufun sarardig1 ve sert kabugun kizardigi dénemde (5-15 Agustos) el ile
gerceklestirilmistir. Zuruflarindan ayrilan meyveler, beton zeminde dogal olarak (giineste) kurutulmustur.
Bu islemden sonra meyveler analizler yapilincaya kadar oda sicakliginda (24°C) %70-80 nem igeren bir
ortamda muhafaza edilmistir.

Kabuklu meyve agirhigy, i¢ agirhigy, i¢ orani, kabuk kalinligi, gobek boslugu, kabuklu meyve sekil indeksi,
i¢ sekil indeksi, kabuklu meyve ve i¢ boyutlar: (boy, en, kalinlik ve irilik) her bir klona ait 50 meyvede,
saglam i¢, bos meyve ve kusurlu i¢ oranlar (eksik, burusuk, ciiriik, kiiflii, ¢itlak meyve, cift ve siyah uglu
i¢ orani) ise 100 meyvede belirlenmistir. Kabuklu meyve ve i¢ agirlig1 (g) 0.01 g hassasiyetindeki djjital
terazi vasitasiyla belirlenmis ve g cinsinden ifade edilmistir. I¢c oran1 (%), i¢ agirhgmn kabuklu meyve
agirligina oranlanmasiyla hesaplanmis ve % olarak ifade edilmistir. Kabuk kalinligi (mm), meyvenin
ekvatoral kisminin en kalin yerinden 0.01 mm hassasiyetindeki djjital kumpasla olgiilerek belirlenmistir.
Gobek boslugu (mm), i¢ findigin kotileden birlesme noktasindan bir bigak yardimiyla ikiye boliinmesi
sonucu ortaya ¢ikan boslugun en genis kisminin 0.01 mm hassasiyetindeki dijital kumpasla dlgiilerek tespit
edilmistir. Kabuklu meyve ve i¢ boyutlar1 (en, kalinlik ve boy) (mm), 0.01 mm hassasiyetindeki dijital
kumpasla ol¢iilerek belirlenmistir. Kabuklu meyve ve i¢ sekil indeksi, meyve boyunun meyve eni ve
kalinlig1 ortalamasina oranlanmasiyla tespit edilmistir. Kabuklu meyve ve ig¢ irilii (mm), meyve
boyutlarinin geometrik ortalamasi alinarak hesaplanmistir. Saglam i¢ orami (%) kabugunu tamamen
doldurmus meyvelerin, bos meyve orani (%) ise i¢inde hi¢ tohum olusmayan meyvelerin toplam meyve
sayina oranlanmasiyla belirlenmistir. Kusurlu i¢ oran1 (%) saglam ve bos meyve haricindeki iglerin
(burusuk, eksik, ciiriik, kiiflii, cift, ¢itlak meyve ve siyah uglu i¢) toplam meyve saymna oranlanmasiyla
hesaplanmistir (Giiler ve Balta, 2020; Islam, 2003).

Istatistiki Analizler

Verilerin degerlendirilmesinde JMP 14.0 istatistik paket programi kullanilmistir. Incelenen 6zellikler
arasindaki farkliliklar %5 6nem seviyesinde LSD ¢oklu karsilastirma yontemi kullanilarak tespit edilmistir.
Temel bilesen analizi, JMP 14.0 istatistik paket programi kullanilarak incelenen 6zelliklerin ve klonlarin
birbirileriyle olan iligkilerini ac¢iklamak i¢in yapilmistir. Klonlariin verim ve meyve 6zellikleri arasindaki
iligkileri gosteren biplot grafigi ilk iki bilesene gore olusturulmustur.
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BULGULAR VE TARTISMA

Incelenen Palaz klonlar1 arasinda toplam g¢otanak sayisi bakimindan 6nemli, gotanaktaki meyve sayisi
bakimindan ise 6nemsiz bir farklilik belirlenmistir (p<0.05). En yiiksek toplam ¢otanak sayis1 P-2 klonunda
(97 adet) belirlenirken, en diisiik ise P-3 klonunda (31 adet) tespit edilmistir. Cotanaktaki meyve sayisi ise
2.48 (P-3) ile 2.69 (P-2) arasinda belirlenmistir (Cizelge 1). Verim tiizerine etkili olan ¢otanaktaki meyve
sayis1, kalitim derecesi (0.70) yiiksek bir karakterdir (Thompson vd., 1996). Palaz c¢esidinde yapilan klon
seleksiyonu calismalarinda ¢otanaktaki meyve sayisi, Ordu ydresinde 3.25-4.67 (Islam ve Ozgiiven, 2001);
Samsun’da 2.26-3.08 (Demir ve Beyhan, 2000); Unye (Ordu) yoresinde 2.33-4.10 (Balik ve Beyhan, 2014)
arasmnda bildirilmistir. Incelenen Palaz klonlarinin ¢otanaktaki meyve sayisi arastiricilarin bulgularindan
diistik bulunmustur. Cotanaktaki meyve sayisimin ekolojik kosullardan, genetik yapidan (Beyhan ve
Marangoz, 2007), kiiltiirel ve teknik uygulamalardan (Balta vd., 2021; Caliskan vd., 2019) ve tozlayici
gesitten (Balik ve Beyhan, 2019) etkilendigi rapor edilmistir.

Verim etkinligi, incelenen Palaz klonlarinda 2.4 g cm? (P-2) ile 4.7 g cm? (P-1) arasindaki degisiklik
gosterirken, klonlar arasinda onemli bir farklilik belirlenmistir (p<0.05). P-1 klonu hari¢ diger klonlar
istatistiki olarak ayn1 grupta yer almistir (Cizelge 1). Palaz findik ¢esidinde yiiriitiilen arastirmalarda verim
etkinligi, 24.0-74.0 g cm? (Caliskan vd., 2019) ve 5.38-7.80 g cm? (Sen ve Bostan, 2020) arasinda
bildirilirmistir. Arastiricilarin bulgulariyla kiyaslandiginda, incelenen klonlarin verim etkinliklerinin
diisiik oldugu belirlenmistir. Verim etkinligi tizerine ekolojik kosullar, genetik yap1 ve bakim kosullarinin
etkili olabilecegi diistintilmektedir.

Cizelge 1. Incelenen Palaz klonlariin toplam gotanak sayis1 (adet bitki?), cotanaktaki meyve sayisi (adet) ve verim
etkinligi (g cm?)

Table 1. Total number of cluster (number plant™), number of nuts per cluster (number) and yield efficiency (g cm) of investigated
Palaz clones

Toplam ¢otanak sayis1 Cotanaktaki meyve sayis1 Verim etkinligi
Klonlar s
(adet bitki) (adet) (g cm™?)
P-1 59 b* 2.66 a 47a
P-2 97 a 2.69 a 24b
P-3 3lc 248 a 3.3b
P-4 65b 2.64a 29b
Onem derecesi ok od *
LSD (0.05) 22.9 0.42 1.08

*Ayni harf ile gosterilen ortalamalar arasinda istatistiki olarak bir farklilik yoktur (p<0.05). 6d: 6nemli degil

Bitki verimi bakimindan incelenen Palaz klonlar1 arasinda 6nemli farkliliklar tespit edilmistir (p<0.05). En
yiiksek bitki verimi 490 g ile P-2 klonunda, en diisiik ise 152 g ile P-3 klonunda belirlenmistir (Cizelge 2).
Literatiirde klon seleksiyonu sonucunda belirlenen Palaz klonlarinin bitki veriminin arastirildigi bir
calismaya rastlanilmamaistir. Fakat, Palaz cesidinde yiiriitiilen farkli arastirmalarda bitki verimi, farkli
glineslenme kosullarina sahip bahgelerde 31.0-85.9 g (Sen ve Bostan, 2020), ocaktaki bitki sayisina bagh
olarak 244.6-595.4 g (Caliskan vd., 2019) ve 185.52-204.93 g (Bak ve Karadeniz, 2021) arasinda belirlenmistir.
Bitki verimi bakimindan elde edilen bulgular Caliskan vd. (2019)'nin bulgulariyla benzerlik gosterirken,
diger arastiricilarin bulgularindan yiiksek bulunmustur. Arastiricilarin bulgulart dikkate alindiginda,
ozellikle P-2 klonu bitki verimi bakimindan kayda deger sonuglar vermistir. Bitki veriminin, iklim ve
toprak Ozellikleri, genetik yapi, ocaktaki bitki sayisi, dikim mesafesi, bahge yasi, bakim kosullari ve
tozlayici geside bagh olarak farklilik gosterebilecegi diisiiniilmektedir.

Kiiltiirel ve teknik uygulamalarin diizenli ve yeterli yapilmamasi ve bazi yillar ilkbaharda meydana gelen
ge¢ donlar ile yaz aylarinda yasanan kuraklik olay1 findikta verim dalgalanmasina neden olan 6nemli
faktorlerdir. Incelenen Palaz klonlarinda verim dalgalanmast egilimi %-22 ile %+18 arasinda degismistir.
Aragtirmanin ytiriitiildiigti 2015-2018 yillar1 arasinda Fatsa ilgesi findik iiretim degerleri incelendiginde
yillar itibariyle verim dalgalanmasi egiliminin ytiiksek oldugu goriilmektedir. Nitekim bu yillar arasinda
yorenin findik iiretim degerleri arasindaki dalgalanma egilimi %-44 ile %+46 arasinda degisirken, yillar
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itibariyle dalgalanma egiliminin artis ve azalis seklinde oldugu tespit edilmistir (Cizelge 2). Incelenen Palaz
klonlarmin yillar itibariyle verim dalgalanmasi egilimi bu degerlerden oldukca diisiiktiir. Bu yoniiyle,
ozellikle diger klonlardan daha yiiksek bitki verimine sahip P-2 klonu, yeni gesit olarak tescil edilme
potansiyeli yiiksek olup, ayrica verim dalgalanmasi egilimi az olan gesitlerin gelistirilmesi bakimindan
onemli bir potansiyele sahiptir.

Cizelge 2. Incelenen Palaz klonlarinin bitki verimi (g bitki!) ve verim dalgalanmast (%)
Table 2. Plant yield (g plant) and yield fluctuation (%=) of investigated Palaz clones

Yillik verimlerin (g) 4 yillik ortalama verime (g) gore %z degisimi

Klonlar 2015 %= 2016 %t 2017 %= 2018 %t Ortalama
P-1 315 2 379 +18 338  +6 250 22 321 b*
P2 25 13 554 +13 429 13 553 +13 490 a

P-3 152 +0 131 -14 149 2 177 +16 152 ¢

P-4 285 41 264 -6 328 417 247 12 281b
Fatsailcesi findik ) )y 12059 -46 32031 +44 17955  -19 22198
iretim miktar: (ton)

Onem derecesi whE

LSD (0.05) 76.37

*Aynu harf ile gosterilen ortalamalar arasinda istatistiki olarak bir farklilik yoktur (p<0.05).

Findikta 6nemli kalite 6zelliklerinden olan kabuklu meyve ve i¢ agirlig, i¢ orani ve kabuk kalinliginin
kalitim dereceleri sirasiyla 0.63, 0.67, 0.87 ve 0.77’dir (Mehlenbacher, 2018). Kabuk kalinlig1 harig, diger
ozellikler bakimindan incelenen klonlar arasinda farklilik belirlenmemistir (p>0.05). Klonlarda kabuklu
meyve agirlig: 1.90 g (P-2)-2.05 g (P-1), i¢ agirhigr 1.06 g (P-2)-1.10 g (P-1) ve i¢ orani %53.56 (P-1)-%55.64
(P-2) arasinda belirlenmistir. Kabuk kalinlig1 en ince P-4 klonunda (0.93 mm), en kalin ise P-2 klonunda
(1.17 mm) tespit edilmistir. P-1 ve P-3 klonlar1 en ince kabuk kalinligina sahip P-4 klonu ile istatistiki olarak
ayni grupta yer almistir (Cizelge 3). Palaz ¢esidinde yiiriitiilen ilgili arastirmalarda kabuklu meyve agirligs,
i¢ agirligy, ic oram ve kabuk kalinlig: sirasiyla; Terme ve Carsamba (Samsun) yorelerinde 2.10-2.43 g, 1.13-
1.31 g, %53.26-54.58 ve 0.85-0.97 mm (Balta vd., 1997); Ordu’da 2.29-2.50 g, 1.23-1.44 g, %53.63-57.50 ve 1.00-
1.10 mm (islam ve Ozgiiven, 2001); Unye (Ordu) yoresinde 2.13-2.27 g, 1.14-1.21 g, %52.10-54.38 ve 0.98-
1.12 mm (Balik ve Beyhan, 2014) arasinda belirlenmistir. Mevcut ¢alismada i¢ oran1 ve kabuk kalinhig:
bakimindan elde edilen bulgular arastiricilarin bulgulariyla benzer iken, kabuklu meyve ve i¢ agirlig:
bulgular diisiik bulunmustur. Kabuklu meyve ve i¢ agirlign bakimindan klonal farkliliklarin, ekolojik
faktorlerden, genetik yapidan (Balta vd., 1997; Balik ve Beyhan, 2014), teknik ve kiiltiirel uygulamalardan
(Balta vd., 2021; Serdar vd., 2005) ve bitki iizerindeki meyve yiikiinden (Karakaya, 2022; Milosevic ve
Milosevic, 2012) kaynaklanabilecegi bildirilmistir.

Cizelge 3. Incelenen Palaz klonlarinin kabuklu meyve agirligi (g), i¢ agirligi (g), ic orani (%), kabuk kalmligi (mm),
gobek boslugu (mm), kabuklu ve i¢ meyve sekil indeksi

Table 3. Nut weight (g), kernel weight (g), kernel ratio (%), shell tickness (mmy), central cavity (mm), nut and kernel shape index
of investigated Palaz clones

Kabuklu . Kabuklu

meyve I% . i¢ oram Kabuk‘ Gébelf meyve i sekil
Klonlar agirlig agirligy %) kalinlig1  boslugu sekil indeksi
® ® (mm) - (mm) S deksi
P-1 2.05 a* 1.10 a 5356a  1.00 ab 298 a 091 a 0.90 a
P-2 1.90 a 1.06 a 55.64a 1.17a 296 a 0.90 a 0.90 a
P-3 1.97 a 1.09 a 5512a 095D 3.99a 092 a 0.85a
P-4 1.94 a 1.08 a 5546a 0.93b 2.86 a 092 a 0.88 a
Onem derecesi od od od * od od od
LSD (0.05) 0.29 0.14 2.75 0.17 1.19 0.03 0.06

*Aynu harf ile gosterilen ortalamalar arasinda istatistiki olarak bir farklilik yoktur (p<0.05). 6d: énemli degil
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Findik 1slahi agisindan kiigiik gobek boslugu istenilen bir 6zelliktir. Gobek boslugu, incelenen Palaz
klonlarinda 2.86 mm (P-4) ile 3.99 mm (P-3) arasinda degisiklik gosterirken, klonlar arasindaki farklilik
onemsiz bulunmustur (p>0.05) (Cizelge 3). Palaz ¢esidinde yiiriitiilen klon seleksiyonu ¢alismalarinda
gobek boslugu, Ordu yoresinde 2.97-3.96 mm (islam ve Ozgiiven, 2001) ve Unye (Ordu) yoresinde 2.26-
4.35 mm (Balik ve Beyhan, 2014) arasinda rapor edilmistir. Incelenen klonlarin gébek boglugu degerlerinin
arastiricilarin bulgulariyla uyumlu oldugu belirlenmistir.

Yuvarlak sekil, hem findik 1slah1 hem de sanayide isleme bakimindan arzu edilen karakterdir. Kabuklu
meyve ve i¢ sekil indeksi bakimindan klonlar arasinda 6nemsiz bir farklilik belirlenmistir (p<0.05).
Kabuklu meyve ve i¢ sekil indeksi incelenen Palaz klonlarinda sirasiyla; 0.90 (P-2)-0.92 (P-3 ve P-4) ve 0.85
(P-3)-0.90 (P-1 ve P-2) arasinda belirlenmistir (Cizelge 3). Palaz cesidinde yiiriitiilen ilgili arastirmalarda
kabuklu meyve ve ig sekil indeksi sirasiyla; Ordu yoresinde 0.88-0.97 ve 0.80-0.87 (Islam ve Ozgiiven, 2001);
Unye’de 0.86-0.92 ve 0.83-0.90 (Balik ve Beyhan, 2014) arasinda tespit edilmistir. Findikta sekil indeksi
degeri 0.81-1.19 arasindaki meyveler yuvarlak sekil grubunda tanimlanmaktadir. Bu anlamda, incelenen
klonlarin tamami yuvarlak sekil grubunda yer almistir. Ayrica, arastiricilarin bulgulariyla kiyaslandiginda
incelenen ozellikler bakimindan elde edilen bulgularin uyumlu oldugu goértilmektedir.

Incelenen klonlarin kabuklu meyve ve i¢ boyutlari arasinda dnemsiz bir farklilik belirlenmistir (p>0.05).
Klonlarda en ytiiksek kabuklu meyve boyu ve kalinlig1 P-1 klonunda (16.00 mm ve 17.25 mm), en diisiik ise
P-2 klonunda (15.62 mm ve 16.18 mm) belirlenirken, kabuklu meyve eni 17.80 (P-1)-18.48 mm (P-3) arasinda
degismistir. En yiiksek i¢ boyu, eni ve kalinlig sirasiyla P-1 (12.27 mm), P-3 (14.79 mm) ve P-2 (12.92 mm)
klonlarinda belirlenirken, en diisiik ise sirasiyla P-3 (11.75 mm), P-4 (14.18 mm) ve P-1 (12.69 mm)
klonlarinda tespit edilmistir. Kabuklu meyve ve i¢ iriligi ise sirasiyla; 16.67 (P-2)-16.97 mm (P-1) ve 12.95
(P-4)-13.15 mm (P-2) arasinda belirlenmistir (Cizelge 4). Farkli arastirmalarda incelenen Palaz klonlarinda
kabuklu meyve ve ig iriligi sirasiyla; Ordu’da 17.54-18.49 mm ve 12.40-14.68 mm (Islam ve Ozgiiven, 2001);
Samsun’da 17.23-18.50 mm ve 13.89-14.27 mm (Demir ve Beyhan, 2000); Unye yéresinde 17.29-17.77 mm
ve 11.36-13.84 mm (Balik ve Beyhan, 2014) arasinda rapor edilmistir. I¢ iriligi bakimindan 13-15 mm
arasinda yer alan findiklar ‘Extra” grupta yer almaktadir. Bu anlamda incelenen klonlarin biiyiik bir
gogunlugu ‘Extra’ grupta yer almistir. Bunun yaninda, klonlarin i¢ iriligi degerleri arastiricilarin
bulgulariyla benzerlik gosterirken, kabuklu meyve iriligi degerleri ise diisiik bulunmustur. Kabuklu
meyve iriliginin genetik ve ekolojik faktorlerden (Balik ve Beyhan, 2014), bakim kosullarindan (Balta vd.,
2021) ve iiriin yiikiinden (Karakaya, 2022; Milosevic ve Milosevic, 2012) etkilenebilecegi bildirilmistir.

Cizelge 4. Incelenen Palaz klonlarinin kabuklu meyve ve ig boyutlari (mm)
Table 4. Nut and kernel dimensions (mm) of investigated Palaz clones

Kabuklu Kabuklu Kabuklu Kabuklu

. . ic .
i i . icirilisi
Klonlar meyve me.yve meyve ] fn.e.yvv.e ¢ boyu ¢eni Kalnligr ¢ iriligi
boyu eni kalinlig: iriligi (mm) (mm) (mm)
(mm)
(mm) (mm) (mm) (mm)
P-1 16.00 a* 17.80 a 1725 a 16.97 a 12.27 a 1451 a 12.69 a 13.12a
P-2 15.62 a 1834 a 16.18 a 16.67 a 12.24 a 14.38 a 1292 a 13.15a
P-3 16.02 a 1848 a 16.46 a 16.95 a 11.75a 14.79 a 12.83 a 13.06 a
P-4 15.94 a 18.32a 1641 a 16.86 a 11.88 a 14.18 a 1290 a 12.95a
Onem derecesi od od od od od od od od
LSD (0.05) 0.83 1.95 1.39 0.79 0.77 1.26 1.40 0.99

*Aynu harf ile gosterilen ortalamalar arasinda istatistiki olarak bir farklilik yoktur (p<0.05). 6d: énemli degil

Incelenen Palaz klonlarinda, kusurlu ve burusuk ig oranlari arasinda énemli (p<0.05), saglam i¢, bos meyve
ve eksik i¢ oranlar1 arasinda ise 6nemsiz bir farklilik belirlenmistir (p>0.05). Klonlarda saglam i¢ oram
%85.8 (P-2)-89.8 (P-1), kusurlu i¢ oran1 %7.0 (P-3)-11.7 (P-2), bos meyve oran1 %2.0 (P-2)-5.0 (P-4), burusuk
i¢ orani %2.0 (P-1 ve P-3)-6.0 (P-2) ve eksik i¢ orani %4.0 (P-3 ve P-4)-6.0 (P-1 ve P-2) arasinda tespit
edilmistir (Cizelge 5). Tlgili aragtirmalarda saglam ig oran1 %59.77-99.0, kusurlu ig oran1 %11.85-18.70, bos
meyve %1.27-19.0, burusuk i¢ %0.0-23.38 ve eksik i¢ orant %2.52-7.81 arasinda bildirilmistir (Balik ve
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Beyhan, 2014; Beyhan ve Demir, 2001; Bostan ve Islam, 1999; Islam, 2000). Arastiricilarin bulgulariyla
kiyaslandiginda, findikta verim ve kalite {izerine etkili olan bos meyve, saglam, kusurlu, eksik ve burusuk
i¢ oranlar1 bakimindan incelenen klonlar {imitvar sonuglar vermistir. Nitekim, klonlarn saglam ve eksik ig
orani genel olarak arastiricilarin bulgulariyla benzer iken, kusurlu, bos meyve ve burusuk i¢ orani degerleri
ise diislik bulunmustur. Goriilen bazi farkliliklarin, ekolojik faktorlerden, genetik yapidan (Bostan, 2019),
bakim kosullarindan (Balta vd., 2021), tozlayici gesit eksikliginden (Fattahi vd., 2014), bahgelerin beslenme
durumundan (Serdar vd., 2005) ve 1siklanma kosullarindan (Sen ve Bostan, 2021) kaynaklanabilecegi
bildirilmistir.

Cizelge 5. Incelenen Palaz klonlariin saglam, kusurlu, bos meyve, burusuk ve eksik ig oran1 (%)
Table 5. Good kernel, poor fill, blank nut, shriveled and abortive kernel ratio (%) of investigated Palaz clones

Saglam i¢ oran1 Kusurlu i¢ oran1 Bos meyve oran1  Burusuk i¢ oran1  Eksik i¢ oram1

Klonlar (%) (%) (%) (%) (%)
P-1 89.8 a* 7.7b 3.0a 20b 6.0 a
P-2 85.8 a 11.7 a 2.0a 6.0a 6.0a
P-3 89.5a 70b 40a 20b 4.0a
P-4 86.0 a 9.4 ab 50a 5.0 ab 4.0a
Onem derecesi od * od * od

LSD (0.05) 4.80 3.71 3.44 3.26 3.17

*Ayni harf ile gosterilen ortalamalar arasinda istatistiki olarak bir farklilik yoktur (p<0.05). 6d: énemli degil

Calismada incelenen klonlarin ¢iiriik ig, kiiflii ig, ¢ift i¢, ¢itlak meyve ve siyah uglu i¢ oranlar1 arasinda
Onemsiz bir farklilik belirlenmistir (p>0.05). Klonlarda ¢iiriik ig, ¢ift i¢, ¢itlak meyve ve siyah uglu i¢ oranlari
%0-1 arasinda bulunurken, Kkiiflii i¢ orani tiim klonlarda %0 olarak kaydedilmistir. Palaz c¢esidinde
yliriitiilen farkli arastirmalarda ¢iiriik i¢ orani %0, kiiflii i¢ oran1 %0-2, ¢ift i¢ oran1 %0.0-6.25 ve citlak meyve
orani %0.0-1.67 arasinda rapor edilmistir (Balta vd., 1997; Balik ve Beyhan, 2014; Beyhan ve Demir, 2001;
Bostan ve Islam, 1999; Yilmaz, 2009). Cift i¢ oram harig, diger 6zellikler bakimindan incelenen klonlardan
elde edilen bulgular arastiricilarin bulgulariyla uyumlu bulunmustur. Findikta ¢ift i¢ olusumunun biiyiik
oranda bir cesit 6zelligi oldugu bildirilmektedir (Mehlenbacher, 2018). Nitekim, ¢ift i¢ oran1 Tiirk findik
cesitlerinden Cakildak’ta %0, Tombul’da %0.5, Incekara’da %2.8, Kalinkara’da %18.1 ve yerel findik
cesitlerinden Aci’da %12.6 diizeyindedir (Balik vd., 2016).

Cizelge 6. Incelenen Palaz klonlarinin ciiriik i, kiiflii ig, cift ig, ¢itlak meyve ve siyah uglu ig orani (%)
Table 6. Rotten kernel, moldy kernel, twin kernel, split sutures and black tipped kernel ratio (%) of investigated Palaz clones

Klonlar Ciiriik i¢ oran1  Kiiflii i¢ orani Cift i¢c oram1 Citlak meyve orani Siyah uclu i¢
(%) (%) (%) (%) orani (%)
P-1 0 a* Oa O0a Oa Oa
P-2 O0a Oa 0a 0a Oa
P-3 la Oa la 0a O0a
P-4 0a 0a 0a 1la la
Onem derecesi od od od od od
LSD (0.05) 1.63 0.0 1.09 1.09 1.09

*Aymu harf ile gosterilen ortalamalar arasinda istatistiki olarak bir farklilik yoktur (p<0.05). 6d: énemli degil

Temel bilesen analizleri i¢in incelenen klonlara ait 29 6zellik kullanilmistir. Olusan 3 bilesenin de 6zdegeri
1’in {izerinde bulunmus ve ilk 2 bilesen elde edilen verilerin %80.57’sini agiklamisgtir. 1. bilesen toplam
¢otanak sayisi, cotanaktaki meyve sayisi, bitki verimi, kabuklu meyve ve i¢ agirligi, gébek boslugu, kabuk
kalinligi, kabuklu meyve boyu, iriligi ve sekil indeksi, saglam, kusurlu, ¢ift, burusuk ve ciiriik i¢ oranlariyla
iliskili olup, toplam varyasyonun %48.29'unu agiklamistir. Kusurlu i¢ orani (-0.99) ve toplam ¢otanak sayis1
(-0.98) 1. bilesen {iizerine en etkili parametreler olmustur. 2. bilesen ise toplam varyasyonun %32.28'ini
agiklarken; verim etkinligi, i¢ orani, kabuklu meyve eni, kalinlig1 ve i¢ iriligi ve sekil indeksi, bos meyve
orarni ve eksik i¢ orani 6zellikleriyle iliskili bulunmustur. 2. bilesen {izerine en etkili 6zellik ise kabuklu
meyve eni (-0.89) olarak belirlenmistir (Cizelge 7; Sekil 1).

—
Uluslararas: Tarim ve Yaban Hayati Bilimleri https://dergipark.org.tr/tr/pub/ijaws

397


https://dergipark.org.tr/tr/pub/ijaws

Orhan KARAKAYA, Mehmet Fikret BALTA, Serkan UZUN, Fikri BALTA

Cizelge 7. Incelenen Palaz klonlarinin verim ve meyve 6zelliklerine ait temel bilegen analiz sonuglart

Table 7. Principle component analysis results of yield and nut traits of investigated Palaz clones

.. Bilesenler
Ozellikler - - -
Bilesen 1 Bilesen 2 Bilesen 3
Toplam gotanak sayis1 -0.98517 0.15947 0.06333
Cotanaktaki meyve sayisi -0.78598 0.45578 0.41773
Bitki verimi -0.93711 0.34711 -0.03660
Verim etkinligi 0.61726 0.73969 0.26804
Kabuklu meyve agirligi 0.70076 0.65408 0.28481
I¢ agirhig 0.87850 0.36994 0.30229
I¢ orani -0.48387 -0.83935 -0.24770
Kabuk kalinlig1 -0.80557 0.33547 -0.48838
Gobek boslugu 0.69097 -0.28708 -0.66343
Kabuklu meyve boyu 0.93778 0.01315 0.34697
Kabuklu meyve eni -0.08458 -0.89005 -0.44796
Kabuklu meyve kalinlig: 0.49957 0.78373 0.36904
Kabuklu meyve iriligi 0.94527 0.20115 0.25693
I¢ boyu -0.56759 0.82200 0.04640
I¢ eni 0.67328 0.16726 -0.72022
I¢ kalinligt -0.59816 -0.78954 -0.13724
f¢ iriligi -0.27615 0.70115 -0.65736
Kabuklu meyve sekil indeksi 0.75640 -0.35009 0.55254
I¢ sekil indeksi -0.65667 0.69422 0.29469
Saglam ig orani 0.73111 0.58864 -0.34494
Kusurlu i¢ orani -0.99070 -0.13082 -0.03751
Bos meyve oram 0.25732 -0.82569 0.50202
Cift i¢ oram 0.69847 -0.36630 -0.61479
Burusuk i¢ oranmi -0.94865 -0.30974 0.06419
Eksik i¢ orani -0.57323 0.81004 -0.12341
Citlak meyve orani -0.10253 -0.60750 0.78767
Siyah uglu i¢ orani -0.10253 -0.60750 0.78767
Curiik i¢ oranm 0.69847 -0.36630 -0.61479
Ozdeger 13.52 9.04 5.44
Varyans (%) 48.29 32.28 1943
Toplam varyans (%) 48.29 80.57 100.0

Faktor yiikii 0.69 ve tizeri olanlar bold olarak isaretlenmistir.
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Sekil 1. incelenen Palaz klonlarinin verim ve meyve 6zellikleri arasindaki iliskileri gosteren biplot grafigi
Figure 1. Biplot graph showing the relationships between yield and nut traits of investigated Palaz clones

SONUC

Findik yetistiriciliginde ilkbahar donemi iklim kosullar1 6zellikle de ilkbahar ge¢ donlar1 ve yaz aylarinda
yasanan kuraklik ile kiiltiirel ve teknik uygulamalarin diizensiz ve yetersiz yapilmas: verimin azalmasima
ve yillar itibariyle dnemli olglide verim dalgalanmalarina neden olmaktadir. Bu durum, basta findik
iireticilerini ve dolayisiyla findik ihracatimi olumsuz yonde etkilemektedir. Diger standart findik
cesitlerimize gore verim dalgalanmasi egilimi yiiksek olan Palaz gesidinde yiiriitiilen bu aragtirmada verim
dalgalanmasi egilimi az olan 4 klon se¢ilmis ve bunlardan 6zellikle P-2 nolu klon digerlerine gore incelenen
bir¢ok 6zellik bakimindan kayda deger sonuglar vermistir. Bu klonun yeni ¢esit olarak tescil edilme
potansiyelinin yiiksek oldugu ve findik 1slah programlarinda verim dalgalanmasi egilimi az olan gesitlerin
gelistirilmesinde genetik materyal olarak kullanilabilecegi diisiiniilmektedir. Yine, Palaz findik ¢esidinde
onemli bir meyve kusuru olan ¢itlak meyve orani bakimindan kayda deger sonug veren klonlarin (P-1, P-
2 ve P-3) yeni gesit olarak tescil edilme potansiyellerinin yiiksek oldugu degerlendirilmektedir. Ayrica,
secilen klonlarin kontrollii verim denemesine alinarak ayni kosullar altindaki performanslarinin
belirlenmesi 6nem tasimaktadir.
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CIKAR CATISMASI
Yazarlar arasinda herhangi bir ¢ikar catismasi bulunmamaktadir.

YAZAR KATKISI

Calismanin planlanmasi ve kurgulanmasi1 MFB ve FB tarafindan yapilmistir. Calismanin yiiriitiilmesi, arazi
calismalari, laboratuvar analizlerinin yapilmasi, verilerin alinmasi, analizi, yorumlanmasi ve makalenin
yazimi OK tarafindan gergeklestirilmistir. SU arazi ¢alismasi ve laboratuvar analizlerinde katki saglamaistir.

TESEKKUR
Bu calisma Ordu Universitesi Bilimsel Arastirma Projeleri Koordinasyon Birimi tarafindan BY-1806 nolu
proje ile desteklenmistir.

KAYNAKLAR

Bak, T., & Karadeniz, T. (2021). Effects of branch number on quality traits and yield properties of European hazelnut
(Corylus avellana L.). Agriculture, 11(5), 437. https://doi.org/10.3390/agriculture11050437

Balik, H. 1., & Beyhan, N. (2019). Xenia and metaxenia in hazelnuts: Effects on nut set and nut characteristics. Akademik
Ziraat Dergisi, 8(Ozel Say1), 9-18. https://doi.org/10.29278/azd 562429

Balik, H. 1, Balik-Kayalak, S., Beyhan, N., & Erdogan, V. (2015). Findik cesitleri. Trabzon Ticaret Borsasi, Klasmat
Matbaacilik.

Balik, H., & Beyhan, N. (2014). Ordu’nun Unye ilgesinde Palaz findik ¢esidinin klon seleksiyonu. Anadolu Tarim
Bilimleri Dergisi, 29(3), 179-185. https://doi.org/10.7161/anajas.2014.29.3.179-185

Balta, F., Balta, M. F., & Karadeniz, T. (1997). The evaluations on preselection of the hazelnut “Tombul’and
‘Palaz’cultivars grown in Carsamba and Terme (Samsun) districts. Acta Horticulturae, 445, 109-118.
https://doi.org/10.17660/ActaHortic.1997.445.15

Balta, M. F., Yaman, ., Kirkaya, H., & Karakaya, O. (2021). Farkli bakim kosullarinda yetistirilen Cakildak findik
gesidinin  verim ve  meyve  Ozelliklerinin  degisimi. Akademik  Ziraat  Dergisi, 10(2),  265-274.
https://doi.org/10.29278/azd.909070

Beyhan, N., & Demir, T. (2001). Performance of the local and standard hazelnut cultivars grown in Samsun province,
Turkey. Acta Horticulturae, 556, 227- 234. https://doi.org/10.17660/ActaHortic.2001.556.32

Beyhan, N., & Marangoz, D. (2007). An investigation of the relationship between reproductive growth and yield loss
in hazelnut. Scientia Horticulturae, 113(2), 208-215. https://doi.org/10.1016/j.scienta.2007.02.007

Beyhan, N., Demir, T., & Turan, A. (2007, Eyliil 04-07). [ikbahar dénemi iklim kosullarimin findigin verim ve gelismest iizerine
etkileri [Sozlii bildiri]. Tiirkiye V. Ulusal Bahge Bitkileri Kongresi Bildirileri, Tiirkiye.

Bilgen, Y., Duyar, 0., Balik, H. 1. Kayalak-Balik, S., Bostan, S. Z., & Kog-Giiler, S. (2017). Preliminary results of clonal
selection of Cakildak hazelnut cultivar grown in Ordu province of Turkey. Acta Horticulturae, 1226, 94.

Boccacci, P., Akkak, A., Bassil, N. V., Mehlenbacher, S. A., & Botta, R. (2005). Characterization and evaluation of
microsatellite loci in European hazelnut (Corylus avellana L.) and their transferability to other Corylus
species. Molecular Ecology Notes, 5(4), 934-937. https://doi.org/10.1111/j.1471-8286.2005.01121.x

Bostan, S. Z. (2009). The Interrelationships among hazelnut production and yield with some important climatic data in
Giresun province (Northern Turkey). Acta Horticulturae, 825, 413-420.
https://doi.org/10.17660/ActaHortic.2009.825.65

Bostan, S. Z. (2019). Findikta kabuklu ve i¢ meyve kusurlari. Akademik Ziraat Dergisi, 8(Ozel Say), 157-166.
https://doi.org/10.29278/azd.644005

Bostan, S. Z., & islam, A. (1999). Some nut characteristics and variatin of these characteristics within hazelnut cultivar
Palaz. Turkish Journal of Agriculture and Forestry, 23(4), 367-370. https://doi.org/10.3906/tar-1-96166

Bostan, S. Z., & Tonkaz, T. (2013, September 25-28). The effects of arid and rainy years on hazelnut yield in the Eastern Black
Sea region of Turkey [SOzli bildiri]. In Proceedings of the 24th International Scientific-Expert-Conference of
Agriculture and Food Industry, Bosnia and Herzegovina.

—
Uluslararas: Tarim ve Yaban Hayat:1 Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

400


https://doi.org/10.7161/anajas.2014.29.3.179-185
https://doi.org/10.17660/ActaHortic.2001.556.32

Fatsa (Ordu) Yoresinden Verim Dalgalanmas: Az Olan Palaz Findik Klonlaninin Verim ve Meyve Ozellikleri

Botta, R., Molnar, T. J., Erdogan, V., Valentini, N., Marinoni, D. T., Mehlenbacher, S. A, Jain, S. M., Johnson, D. V., &
AlKhayri, J. M. (Eds.). (2019). Advances in plant breeding strategies: Nut and beverage crops, hazelnut (Corylus spp.)
breeding (4th ed.). Springer Nature Switzerland. https://doi.org/10.1007/978-3-030-23112-5

Caligkan, K., Balta, F., Yilmaz, M., & Karakaya, O. (2019). Organik olarak yetistirilen palaz findik ¢esidinde ocaktaki
govde sayisina bagli olarak verim ve meyve 6zelliklerindeki degisim. Akademik Ziraat Dergisi, 8(Ozel Sayn), 49-60.
https://doi.org/10.29278/azd.656047

Demir, T., & Beyhan, N. (2000). Samsun ilinde yetistirilen findiklarin seleksiyonu {izerine bir arastirma. Turkish Journal
of Agriculture & Forestry, 24, 173-183. https://doi.org/10.3906/tar-6-98177

Erdogan, V., & Mehlenbacher, S. A. (2000). Interspecific hybridization in hazelnut (Corylus). Journal of the American
Society for Horticultural Science, 125(4), 489-497. https://doi.org/10.21273/JASHS.125.4.489

FAO. (2022). Food and agriculture organization of the united nations. https://www.fao.org/faostat/en/#data/QCL.
[Erisim tarihi: 09 Mart 2022].

Fattahi, R.,, Mohammadzedeh, M., & Khadivi-Khub, A. (2014). Influence of different pollen sources on nut and kernel
characteristics of hazelnut. Scientia Horticulturae, 173, 15-19. https://doi.org/10.1016/j.scienta.2014.04.031

Gokirmak, T., Mehlenbacher, S. A., & Bassil, N. V. (2009). Characterization of European hazelnut (Corylus avellana)
cultivars using SSR markers. Genetic Resources and Crop Evolution, 56(2), 147-172. https://doi.org/10.1007/s10722-008-
9352-8

Giiler, E., & Balta, F. (2020). Taskesti (Mudurnu-Bolu) beldesi findik popiilasyonunun verim ve kalite 6zelliklerinin
belirlenmesi. Uluslararas: Tarim ve Yaban Hayat: Bilimleri Dergisi, 6(2), 115-128. https://doi.org/10.24180/ijaws.685813

Islam, A. (2003). Clonal selection in “Uzunmusa’ hazelnut. Plant Breeding, 122(4), 368-371. https://doi.org/10.1046/j.1439-
0523.2003.00853.x

islam, A., & Ozgijven, A. I (2001). Clonal selection in the Turkish hazelnut cultivars grown in Ordu province. Acta
Horticulturae, 556, 203-208. https://doi.org/10.17660/ActaHortic.2001.556.29

Karadeniz, T., Bostan, S. Z., Tuncer, C., & Tarak¢ioglu, C. (2009). Findik yetistiriciligi. Ziraat Odas1 Baskanlig1 Bilimsel
Yayinlar Serisi.

Karadeniz, T., Kirca, L., Senyurt, M., & Bak, T. (2020). Tirebolu Harkkdy yoresinde yabani findik genotiplerinin tespiti
ve degerlendirilmesi. Uluslararas: Anadolu Ziraat Miihendisligi Bilimleri Dergisi, 2(1), 13-23.

Karakaya O. (2022). The intensity of cluster drop affects bioactive compounds and fatty acids composition in
hazelnut. Grasas Aceites, 73, e487. https://doi.org/10.3989/gya.1127212

Kirca, L. (2010). Findikta (Corylus avellana L.) ocak dikim yast ile verim ve kalite arasindaki iliskiler [Yiiksek Lisans Tezi, Ordu
Universitesi]. https://tez.yok.gov.tr/Ulusal TezMerkezi/.

Mehlenbacher, S. A. (2018). Advances in genetic improvement of hazelnut. Acta Horticulturae, 1226, 1-12.
https://doi.org/10.17660/ActaHortic.2018.1226.1

Milosevic, T., & Milosevic, N. (2012). Cluster drop phenomenon in hazelnut (Corylus avellana L.). Impact on
productivity, =~ nut  traits and leaf nutrients  content. Scientia  Horticulturae, 148,  131-137.
https://doi.org/10.1016/j.scienta.2012.10.003

Sen, Y., & Bostan, S. Z. (2020). The effect of photosynthetic active radiation on yield and quality traits in “Tombul’and
‘Palaz’hazelnut cultivars. Acta Scientiarum Polonorum. Hortorum Cultus, 19(5), 37-47.
https://doi.org/10.24326/asphc.2020.5.4

Serdar, U., & Demir, T. (2005). Yield, cluster drop and nut traits of three Turkish hazelnut cultivars. Horticultural Science
(Prague), 32, 96-99.

Thompson, M. M., Lagerstedt, H. B. & Mehlenbacher, S. A. (1996). Hazelnuts. J. Janick, J. N. Moore (Eds), Fruit Breeding,
Nuts (pp. 125-184). Wiley.

Turan, A., & Beyhan, N. (2009). Investigation of the pomological characteristics of selected 'Tombul' hazelnut clones in
the Bulancak area of Giresun province. Acta Horticulturae, 845, 61-66. https://doi.org/10.17660/ActaHortic.2009.845.4

Yilmaz, M. (2009). Baz: findik cesit ve genotiplerinin pomolojik, morfolojik ve molekiiler karakterizasyonu [Doktora Tezi,
Gukurova Universitesi]. https://tez.yok.gov.tr/Ulusal TezMerkezi/

—
Uluslararas: Tarim ve Yaban Hayati Bilimleri https://dergipark.org.tr/tr/pub/ijaws

401


https://dergipark.org.tr/tr/pub/ijaws
https://www.fao.org/faostat/en/#data/QCL
https://doi.org/10.17660/ActaHortic.2009.845.4
https://tez.yok.gov.tr/UlusalTezMerkezi/

Research Article / Aragtirma Makalesi

& < Uluslararas1 Tarim ve Yaban Hayat:1 Bilimleri Dergisi
Z e
z w 5 International Journal of Agriculture and Wildlife Science

2022, 8(3): 402 — 413, doi: 10.24180/ijaws.1120661

Beyaz Bas Lahana (Brassica oleracea var. capitata L.) Yetistiriciliginde Organomineral
Giibrelerin Verim ve Kaliteye Etkileri

Effects of Organomineral Fertilizers on Yield and Quality in Cabbage (Brassica oleracea var. capitata L.)
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Oz: Bu calisma Hatay'in Yayladag; ilgesinde beyaz bag lahana (Brassica oleracea var. capitata L.) yetistiriciliginde organomineral giibrelerin lahana
verimi ve kalitesi {izerine etkilerini arastirmak amaciyla yapilmigtir. Calismada 6 farkli mineral ve organomineral giibre kombinasyonu kullanilmustir.
Bunlar; 1) Sifir giibre- kontrol,2) %0 OM (Organomineral Giibre)+%100M (Mineral Giibre), 3) %25 OM+%75 M, 4) %50 OM+%50 M, 5) %75 OM+%25
M ve 6) %100 OM+%0 M’dir. Mineral taban giibresi olarak %15.15.15 NPK iceren mineral giibre kullanilirken, organomineral taban giibresi olarak
%15 organik madde ve 15.15.15 NPK igeren organomineral giibre kullamlmigtir. Ust giibreleme olarak, igerigi %20 organik madde ve %5.0.30
NPK+2Mg+0.5Zn olan organomineral giibre ile amonyum siilfat, kalsiyum nitrat, potasyum siilfat ve magnezyum siilfat mineral giibreleri
kullamilmistir. Organomineral giibrelerin etkilerini gérmek {izere, lahana verimi, lahana bas agirligi, cap, yiiksekligi, cevresi, yaprak sayisi, yaprak
kalinligi, yaprak boyu, lahana yapragi C vitamini toplam fenol, toplam flavanoid igerikleri, mineral besin maddesi analizleri yapilmigtir. Sonug olarak,
verim ve incelenen 6zellikler bakimindan organomineral ve mineral giibrelerin yar1 yariya kullanildigi %50 OM+%50 M uygulamas ilk sirada ve
ikinci sirada ise %75 OM+%25 M uygulamalar1 6nerilmektedir.

Anahtar Kelimeler: Siirdiiriilebilir tarim, organik madde, bitki besleme, beyaz bas lahana yetistiriciligi

&

Abstract: This study was carried out to reveal the effects of organomineral fertilizers on yield and quality in white cabbage (Brassica oleracea var.
capitata) cultivation in Hatay /Yayladagi region. Six combinations of mineral and organomineral fertilizers were usedin the experiment. These were;
1) Zero fertilizer as control 2) 0% OM (Organomineral Fertilizer )+100 M (Mineral Fertilizer), 3) 25% OM+75% M, 4) 50% OM+50% M, 5) 75% OM+25%
M and 6) 100% OM+0% M. While the fertilizer with a content of 15.15.15% NPK was used for mineral base fertilizer, the content of 15.15.15% NPK+15%
organic matter was used for organomineral base fertilizer. Organomimeral top fertilization contained 20% organic matter and 5.0.30NPK+2Mg+trace
nutrients was applied. Mineral fertlizer sources for top fertilization were ammonium siilf ate, calcium nitrate, potassium sulfate and magnesium
sulfate. The effects of organomineral fertilizers on cabbage yield, cabbage head fresh weight, cabbage head diameter, cabbage head height, cabbage
firmness, number of leaf, leaf thickness, vitamin C, total phenol, total flavonoid contents, and macro- micro mineral nutrient contents were
investigated. As a result, in terms of yield and cabbage quality properties examined 50% OM+50% M application was recommended in the first place
and 75% OM + 25% M application was recommended in the second place.

Keywords: Sustainable agriculture, organic matter, plant nutrition, white cabbage growing
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Beyaz Bag Lahana (Brassica oleracea var. capitata L.) Yetistiriciliinde Organomineral Giibrelerin Verim ve Kaliteye Etkileri

GIRIS

Lahananin ana vatarn Baltik denizi, kuzey Avrupa iilkeleridir ve Akdeniz havzasidir. Fransa'nin Atlantik
kiyilarinda, Ingilterenin giiney kiyilarinda ve Irlanda’da yabani olarak yetisen lahana gesitlerine
saptanmistir. Ulkemizde lahana bitkisi hemen hemen her bolgede rahatlikla yetistirilen bir sebzedir (Kibar,
2020). Tiirkiye iiretimi 851.648 ton ve diinya iiretimi ise 70 milyon tondur (FAO, 2020).

Niifusun artmasi, iklim degisikligi, salgin hastaliklar gibi nedenler ile gida ve tarim {iriinlerine olan
ihtiyacin ve onemin arttif1 goriilmektedir. Bu ihtiyact karsilamak amaciyla kullanilan tarim topraklar:
bilingsiz uygulamalarla giderek verimsizlesmektedir. Tarim yapilan topraklarda uzun siire kimyasal
sentetik mineral giibre kullanim1 toprak verimliligi ve topragin korunmasi bakimindan beraberinde bazi
sorunlar1 da getirmektedir (Liu vd., 2010; Shan vd., 2015). Organik ve organomineral giibrelerin kullanim
stirdiiriilebilir tarim uygulamalarinin omurgasini teskil etmektedir. Organomineral giibreler, organik
madde ile beraber minerallerin topraga verilmesini esas almaktadir, toprag: zenginlestirmektedir ve
siirdiiriilebilirligini korumaktadir. Ayrica, yetistirilen tirtinlerin ihtiyaci olan minerallerin bitki tarafindan
almmasini ve kullanilmasini artirmaktadir. Siirdiiriilebilir tarim topraktaki ekolojik dengeyi korurken
tarimsal verimliligi de artirmaktadir. Organomineral giibreler sadece toprak i¢in degil ayni zamanda bitki
icin de konforlu bir yasam saglamaktadir. Organomineral giibrelerin faydalar: su sekilde siralanabilir
(Stizer 2010a; 2010 b; Makinde vd., 2011; Stizer ve Culhaci, 2016) ; topraktaki organik madde miktar: artar,
topragin fiziksel, kimyasal ve biyolojik yapisi iyilestirilir, bitkinin kok gelisimi desteklenir, toprakta suyun
daha fazla muhafaza edilmesi saglanir, bitkilerin besin maddelerinden faydalanmasi artirilir, verim ve
uriin kalitesi artar.

Lahana bitkisinde organomineral ve mineral giibrelerin kombine edildigi daha 6nce yapilmis bir calismaya
rastlanmamuistir. Bu calismayla, organomineral giibrelerin kullanimina tesvik etmek amacryla basamak
olusturulmasi hedeflenmistir. Organik maddeyi seven lahana bitkisi yetistiriciliginde, organomineral
giibrelerin mineral giibreler ile farkli oranlarda kombinasyonlarinin; bitki biiytimesi, verim, iiriin kalitesi
ve bitki beslenme {izerine etkilerini ortaya ¢ikarmak tizere gerceklestirilmistir.

MATERYAL VE METOT

Calismanin lahana yetistiriciligi kism1 Hatay’in Yayladag; ilgesi ekolojik kosullarinda 2019-2020 sonbahar-
kis yetistiricilik doneminde agik arazide yiriitilmiis olup, lahana kalite analizleri ise Cukurova
Universitesi Bahge Bitkileri Boliimii Bitki Fizyoloji ve Bitki Besleme Laboratuvarinda gerceklestirilmistir.
Bitki materyali olarak, Metgen tohum firmasinin Tamarindo Filahana gesidi kullanilmistir.

Deneme alanini temsil edecek sekilde, zik zak ¢izerek 10 farkli noktada 30 cm derinliginde V seklinde
cukurlar acilmis ve bu ¢ukurun yiizeyindeki 3-4 cm toprak tabakas: alinarak, 10 noktadan alinan 6rnekler
homojen karistirilip buradan 1 kg 6rnek analize gonderilmistir. Deneme topraginin fiziksel ve kimyasal
Ozellikleri analiz ettirilmistir (Cizelge 1). Arastirma, tesadiif bloklar1 deneme desenine gore dort
tekrarlamali olarak kurulmustur. Sira arasi 70 cm, sira tizeri 50 cm olacak gekilde bitki bagina 0.35m2 ve her
bir parselde 2 sira her sirada 10 bitki, bir parselde toplamda 20 bitki olacak sekilde parsel biiyiikliigii 1.4m
x 5 m =7m? olarak parselasyon yapilmistir. Birim alana (da) saf besin maddesi miktarlary; 24 kg N, 10 kg
P20s, 30 kg K20, 12 kg CaO, 8 kg MgO olacak sekilde Anag vd., (2019)'nin referans1 modifiye edilerek
belirlenmis ve tiim uygulamalarda bu saf besin madde miktarlar1 kullanilmistir. Uygulamalara gore
farklilik, organomineral maddeden gelen organik madde miktar1 olmustur. Calismada, organomineral ve
mineral giibrelerin 6 farkli kombinasyonu asagida belirtilen sekli ile kullanilmistir.

1. Kontrol uygulamasi, sifir giibre
%0 Organomineral (OM)+%100 Mineral giibre (MG)
%25 Organomineral+%75 Mineral giibre

2
3
4. %50 Organomineral+%50 Mineral giibre
5. %75 Organomineral+%25 Mineral giibre
6

%100 Organomineral+% 0 Mineral giibre
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Toplam azot ve potasyumun 1/3'{1 (8 kg N ve 10 kg K20) fosforun tamami (10 kg P20s), taban giibresi
olarak verilmistir. Taban giibresi olarak mineral giibre uygulamasi i¢in Toros firmasinin igerigi %15.15.15
olan NPK giibresi, orgonomineral giibre uygulamas: i¢in ise Organiksa firmasinin Ormin Gold %15
organik madde+%15.15.15 NPK giibresi (organik madde %15, amonyum azotu %5.9, iire azotu %9.1, suda
¢oziilebilir P20s %15, suda ¢oziilebilir K20 %15, klor %9.7, nem %20, suda ¢oziilebilir Zn %1, pH 6-8). 1
Eyliil 2019 tarihinde toprak yiizeyine parsellere esit olarak homojen serpilip karistirilmistir.

Cizelge 1. Deneme yerinin toprak analiz sonuglar1
Table 1. Soil analysis of the experimental area

Analiz Birim Metotlar Analiz Sonucu
parametreleri

pH - Saturasyon 7.0
Kireg (%) Kalsimetrik 1.9
Tuz (%) Saturasyon 0.023
Doygunluk (%) Saturasyon 50
Org.madde (%) TS8336 1.20
Toprak N (%) Kjeldahl 0.090
P (mg/kg) Spektrofotometre 8.07
K (mg/kg) A Asetat- ICP 34.2
Ca (mg/kg) A Asetat-ICP 1668.1
Mg (mg/kg) A Asetat-ICP 240.3

Deneme siiresince iki defa iist giibreleme yapilmistir her bir {ist giibrelemede dekara verilen saf mineral
madde miktarlari: 7.5 kg N+0 kg P20s5+10 kg K20+6 kg CaO+4 kg MgO’dir. Deneme uygulamalarindaki
organomineral ve mineral giibre kombinasyonlaria gore yukaridaki saf madde miktarlar1 hesaplanarak
ayni besin maddesi miktarlari tiim uygulamalarda olusturulmustur. Ust giibrelemede mineral giibre
olarak, Glibretag firmasinin amonyum siilfat, potasyum siilfat, kalsiyum nitrat ve magnezyum siilfat
kullanirken, organomineral giibre kaynagi i¢in Bactogen firmasinin Instela Yield organomineral giibresi
kullanilmistir. Instela Yield organomineral giibresi %20 organik madde+%5. 0. 30 NPK+%2 Mg+%0.5 Zn
icermektedir. Birinci iist giibreleme fide dikiminden 1 ay sonra 15 Ekim 2019 tarihlerinde ve ikinci {ist
giibreleme ise dikimden 2 ay sonra 15 Kasim 2019 tarihinde bas sarma asamasinda yapilmistir.

Verim ve Bitki Biiyiime Parametreleri Uzerine Giibrelerin Etkileri

Lahana fideleri 17 Eyliil 2019 tarihinde dikilmis ve 132 giin sonra 27 Ocak 2020 tarihinde hasat edilmistir
(Sekil 1). Her parseldeki biitiin lahanalar tartilarak kaydedilmistir ve parsel verimleri kg parsel! olarak
belirlenmistir. Daha sonra toplam verim kg da?! birimine doniistiiriilmiistiir. Hasat edilen lahanalarda,
toplam verim (kgda), lahana agirligi (g), capy, gevresi (cm), bas sertligi (kg cm?), yaprak sayis: (adet bitki-
1), yaprak kalinlig1 (mm) gibi bitki biiyiime parametreleri ve kalite dzellikleri ile makro ve mikro besin
maddeleri parametreleri incelenmistir.

Lahana Yapraklarinda Makro ve Mikro Besin Elementleri Tayini

Farkli uygulamalarin lahana bitkilerinde beslenme tizerine etkilerini ortaya koymak icin hasat zamaninda
her tekerriirden 3 bitkide ¥4 kisim alinarak makro ve mikro element analizleri yapilmistir (Jones, 2001).
Azot (N), fosfor (P), potasyum (K), magnezyum (M), kalsiyum (Ca), sodyum (Na), demir (Fe), mangan
(Mn), bakir (Cu) ve ¢inko (Zn) icin analizler yapilmistir. Lahana hasatindan sonra yaprak ornekleri
laboratuvara getirilip, yikandiktan sonra firinda 65°C’de kurutulmustur. Kurutulan yapraklar ogiitiilerek
toz haline getirilmistir. Lahana yapraklarindaki azot konsantrasyonlar: ise Khjeldal yontemine gore yas
yakma ile belirlenmistir. Ogiitiilmiis drnekler 550°C’de 8 saat siireyle yakilmis ve olusan kiil %3.3'liik
(hacim/hacim) HCI asitte ¢oziilerek Atomik Absorbsiyon Spektrofotometre cihazinda (Varian marka FS220
model) K, Ca, veMg okumalar1 emisyon modunda, Fe, Mn, Zn ve Cu okumalari ise absorbans modunda
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okunmustur. Fosfor analizleri yukarda hazirlanan ekstrakt kullanilarak Barton y&ntemine gore
spektrofotometre ile gerceklestirilmistir.

Lahana Yapraklarinda Toplam Fenolik Madde Tayini
Toplam fenolik madde, Spanos ve Wrolstad (1990) tarafindan tanimlanan spektrofotometrik yéntem
modifiye edilerek yapilmis ve okumalar spektrofotometrede (Perkin Elmer marka ve Lambda
EZ201UV/VIS model) 765 nm dalga boyunda okunan absorbans degerinden ve Gallik asit ile hazirlanmis
kalibrasyon egrisinden yararlanilarak hesaplanmistir.

Lahana Yapraklarinda Toplam Flavonoid Tayini

Marul yapraklarinda toplam flavonoid okumalar1 415 nm dalga boyunda spektrofotometre (Perkin Elmer
marka ve Lambda EZ201 UV/VIS model) ile yapilmistir (Quettier-Deleu vd. 2000). Rutin ile hazirlanmis
olan kalibrasyon egrisinden yararlanilarak, toplam flavonoid madde miktar1 hesaplanmaistir.

Lahana Yapraklarinda C vitamini Tayini

Lahanaya uygulanan organik giibrelerin C vitamini miktarina etkisi, spektrofotometrik yontemle
belirlenmistir. C vitamin analizi i¢in; her parselden tesadiifi olarak aliman olan 10 adet lahana kat1 meyve
sitkma makinesinden sikilip lahana sular1 hazirlanmigtir. 1 mllahana suyu tizerine 45 ml % 0.4 oksalik asit
eklenip filtre kagidindan siiziilmiistiir. Elde edilen siiziintiiden 1 ml alinarak tizerine 9 ml boya ¢ozeltisi
eklenmis ve Perkin Elmer marka ve Lambda EZ201UV/VIS model spektrofotometre cihazinda 502 nm
dalga boyunda okuma yapilmigtir (Ozkan vd., 2007).

Verilerin Degerlendirilmesi
Deneme sonunda elde edilen veriler JMP paket programinda istatistiksel analizleri yapilmis ve
ortalamalar1 LSD testine gore karsilastirilmistir (Jmp, 2007).

Sekil 1. Deneme alanindan lahana bitkilerinden goriintiiler
Figure 1. Images of cabbage plants from the experiment

BULGULAR VE TARTISMA

Toplam Verim

Toplam lahana verimi bakimindan dekar basma ortalama 6666 kg ile en yiiksek verimlilik elde edilen
uygulama “%50 OM+%50M” olmustur. Bu uygulamadan elde edilen verim degeri, sifir giibre ve %100
mineral giibre uygulamalarina gore sirasiyla %34 ve %10 daha yiiksek bulunmustur. Mineral giibrenin
%50 azaltilmasi ve onun yerine organomineral giibrenin entegre edilmesi verimi, %100 mineral giibreye
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gore artirmustir. Tkinci sirada en yiiksek lahana verimi 6088 kg da ile “%750M+%25M” uygulamasindan
alinmistir. En diisiik verim ise sifir giibre uygulamasinda 4979 kg da” alinmstir (Sekil 2). Organik giibre,
bitkilere besin maddeleri temininde faydalar saglayarak, sadece mineral giibre ihtiyacin1 azaltmakla
kalmiyor, aym1 zamanda toprak agregasi olusumu, su tutma kapasitesi, mikrofloranin aktivitesinin ve
mineralizasyonun artirilmasi, pH diisiiriilmesi gibi toprak ozelliklerini de iyilestirerek bitki verimliligini
artiric etkiler yapmaktadir (Dhaliwal vd., 2019). Organomineral giibrenin artan oranlar ile lahana yaprak
sayisl, yaprak biyiikliigi artmistir (Cizelge 2 ve 3). Yapraklar bitkinin fotosentez oranimi artirdig: icin
birim alana lahana verimi de artmistir. Manea (2017) farkli mineral ve organik giibreler ile yaptig1
calismada lahana toplam veriminil900 kg da? ile 6310 kg da arasinda bildirmistir. Tavali vd., (2014)
organomimeral ve mineral giirelerin kullanildig1 calismada lahana verimini 2880 kg da ile 4190 kg da-!
arasinda bildirmistir. Olaniyi ve Ojetayo (2011) sekiz farkli mineral ve organik giibrelerle yapilan bir
calismada lahana verimi 1840 kg da ile 4010 kg da! arasinda rapor etmistir.

Toplam Verim (kg da)
6666
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Sekil 2. Farkli oranlardaki organomineral ve mineral giibre kombinasyonlarinin bas lahana iiretiminde toplam verim
tizerine etkileri (Uygulamalar arasindaki fark 0.05 diizeyinde 6nemli bulunmustur (LSDo.s: 277.089 P: 0.0005) OM:
Organomineral M: Mineral

Figure 2. The effects of different ratios of organomineral and mineral fertilizer combinations on total yield in head cabbage
production (The difference between treatments was significant at the 0.05 level (LSDO0.05: 277.089 P: 0.0005) OM: Organomineral
M: Mineral

Lahana Bas Agirlig1

Lahana agirlig1 iizerine uygulamalarimn etkisi istatistik olarak énemli bulunmustur. Denemedeki en agir
lahanalar ortalama 2.33 kg ile “%500M+%50M” uygulamasindan elde edilmistir (Sekil 3). Bu uygulama,
hi¢ giibre verilmeyen kontrol uygulamasma gore lahana agirhgimi %34 ve %100 mineral giibre
uygulamasina gore ise %13 oranlarinda artirmistir. Ikinci sirada en agir lahanalar “750M+%25M”
uygulamasindan 2.13 kg olarak elde edilmistir. Bu lahanalarda %100 mineral giibreye gore %12 ve hig
giibre verilmeyen parsellere gore ise %22.4 daha fazla agirhk saglamigtir. Uygulamalar arasinda en hafif
ve kiiciik lahanalar sifir giibre uygulamasinda 1.75 kg olarak kaydedilmistir. Organomineral giibreler,
lahana bitkisinde yaprak o6zelliklerini artirici etkiler yaptigindan bu durum bireysel lahana agirligini da
artirict etki yapmistir. Manea (2017) farkli mineral ve organik giibreler ile yaptig1 ¢alismada lahana bas
agirligini 1.48 kg ile 2.52 kg arasinda bildirmistir. Tavali vd., (2014) organomimeral ve mineral giirelerin
kullanildig1 ¢alismada lahana agirligini 1382 g ile 2011 g arasinda bildirmistir.
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Lahana Bas Capt

En genis capa sahip lahanalar 29.17 cm ile "%750M+%25 M” uygulamasindan elde edilmisgtir.
Organomineral giibre orani1 %25, %50, %75’e dogru arttikca lahana ¢aps sirasiyla 26.05 cm, 28.65 cm, 29.07
cm olarak artmistir (Cizelge 2). Beyaz bas lahanada bas ¢apinin genis olmasinin yani sira bas agirliginin da
fazla olmasi birim alandan daha verimli ve daha kaliteli lahanalarin hasat edileceginin gostergesi olarak
kabul edilmektedir. Dumici¢ vd., (2013) farkli lokasyonlarda mineral, organomineral ve organik giibrelerin
lahananin verim ve kalite 6zellikleri {izerine etkisini inceledikleri ¢alismada lahana bas ¢apinin 42.9- 51.6
cm arasinda oldugunu, tek basma organik giibre ile uygulanan parsellerden en kiigiik bas ¢capinin elde
edildigini bildirmektedir.

Lahana Agirlig: (g)
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Sekil 3. Organomineral ve mineral giibre kombinasyonlarinin lahana bas agirlig: {izerine etkileri (LSDo.05:0.188, P:
0.0001) OM: Organomineral M: giibre

Figure 3. Effects of organomineral and mineral fertilizer combinations on cabbage head weight (L5D0.05:0.188, P: 0.0001) OM:
Organomineral M: fertilizer

Lahana Bas Yiiksekligi

Denemedeki farkli uygulamalarin lahana bas yiiksekligi {izerindeki etkileri farklilik gostermistir. Buna
gore “%500M+%50M” uygulamasinda ortalama 37.30 cm ile en yiiksek lahanalar elde edilmistir ve sifir
glibre kontrol uygulamasma gore %21’lik artis olmustur (Cizelge 2). Bu uygulamayi ikinci sirada
“%750M+%25 M” uygulamasi 33.08 cm ile izlemistir. Kontrol uygulamasina gore degerlendirildiginde ise
%7’ lik bir artis gostermistir. Mineral giibre orani en yiiksek olan uygulamada lahana ytiksekligi 29.80 cm
ile ortalama olarak en diisiik degeri almistir. Sifir giibre uygulamasinda, lahana yiiksekligi 30.950 cm
olmustur. Dumici¢ vd., (2013) farkli lokasyonlarda mineral, organomineral ve organik giibrelerin
lahananin verim ve kalite 6zellikleri tizerine etkisini inceledikleri calismada lahana yiiksekliginin 19.5-22.8
cm arasinda degistigini en yiiksek lahanalarin mineral giibre uygulanan parsellerden olgiildiigiinii
bildirmistir. Tavali vd., (2014) organomimeral ve mineral giibrelerin kullanildig1 calismada lahana
yiiksekligini 14.96 cm ile 15.13 cm arasmda bildirmistir.

Lahana Bas Cevresi

Organomineral giibrelemenin lahana bas gevresi iizerine etkisi istatistiksel olarak énemli bulunmustur
(Cizelge 2). Buna gore “%750M+%25M” uygulamas1 83.70 cm gevre degeri ile ilk sirada yer almistir. “%50
OM+%50M” uygulamasi bir 6nceki ile ayni istatistik grupta ve 82.175 cm cevre degeri ile ikinci sirada yer
almustir. %25, %50, %75’e dogru organomineral giibre oram arttik¢a lahana gevresi sirasiyla 79.45 cm, 82.17
cm, 83.70 cm olarak artmigtir. Ancak, %100 organomineral giibrede 70.93 cm ile azalmusgtir.
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Lahana Bas Sertligi

Lahana basinda yapraklarin ne kadar siki birbiri {izerine sarilip kapandigini gosteren sertlik degeri
bakimindan uygulamalar arasinda en bariz ¢ne ¢ikan “%50 OM+50M” uygulamasi olmustur. En sert
lahanalar 8.09 kg cm degeri ile bu uygulamadan elde edilmistir. Diger uygulamalarda bas sertligi 7.09 kg
cm?ile 7.50 kg cm? arasinda degismistir (Cizelge 2).

Cizelge 2. Farkli oranlardaki organomineral ve mineral giibre kombinasyonlarinin lahanan basi baz fiziksel 6zellikleri
tizerine etkileri

Table 2. The effects of different ratios of organomineral and mineral fertilizer combinations on some physical properties of the head
of cabbage

Uygulamalar Cap Yiikseklik Cevre Sertlik
(cm) (cm) (cm) (kg cm™)
Sifir Giibre (kontrol) 23.50 ¢ 30.95b 72.56 ¢ 7.18 b
%0 OM + %100 M 2520Db 29.80b 69.55b 7.09b
%25 OM + %75 M 26.05b 31.25b 79.45b 748Db
%50 OM + %50 M 28.65 a 3730a 82.17 ab 8.09 a
%75 OM + %25 M 29.07b 33.08 a 83.70 a 7.23b
%100 OM + %0 M 25.08 30.28 b 70.93 c 750 b
LSDo.os 1.252 1.181 0.003 1.747
P 0.001 0.001 0.001 0.0001

OM: Organomineral M: Mineral

Lahana Yaprak Sayis1

Lahanalarda yaprak sayist 22.40 adet bitki?! ile 27.13 adet bitki! arasinda degisiklik gostermektedir.
“%500M+%50M” uygulamasi 27.13 adet bitkiile en fazla yaprak olusturan uygulama olmustur (Cizelge
3). Bu uygulamay1 “%250M+%75M” uygulamas1 24.05 adet bitki? yaprak sayisi ile takip etmistir. En az
yaprak sayisina sahip olan uygulama ise sifir giibre uygulamasinda 22.40 a adet bitki" dir. Diger
uygulamalar bir birine benzer ve ayni grupta olmustur. Olaniyi ve Ojetayo (2011) sekiz farkli mineral ve
organik giibrelerle yapilan bir ¢alismada lahana yaprak sayisini 8.20 adet ile 22.20 adet arasinda rapor
etmistir.

Lahana Yaprak Kalinligi

Lahana yaprak kalmligr 2.04 mm ile 1.66 mm arasinda degismistir. Uygulamalarin etkilerinin énemli
bulunmustur. “ % 250M+%75M” ve “%50 0M+%50M” uygulamalar1 sirasiyla 2.04 mm ve 2.02 mm ile en
kalin etli yapraklari olusturmustur. Bu iki uygulama kontrol grubu uygulamasina gore sirasiyla %23 ve
%22 oraninda artig gostererek ilk iki siraya yerlesmistir (Cizelge 3).

Lahana Yaprak Boyu

Yaprak boyu 6l¢tim verileri istatistiki olarak farkli bulunmustur. En uzun yaprak boyuna sahip olan lahana
bitkileri “%250M+%75M” uygulamasinda ortalama 39.25 cm olarak elde edilmistir ve sifir giibre
uygulamasina gore %22 oraninda artis goriilmiistiir (Cizelge 3). En kisa lahana yaprak boyu ise “sifir
giibre” uygulamasinda 32.13 cm olarak tespit edilmistir. Diger uygulamalarda lahana yaprak boyu 33.88
cm ile 35.75 cm arasinda belirlenmistir. Olaniyi ve Ojetayo (2011) sekiz farkli mineral ve organik giibrelerle
yapilan bir ¢calismada lahana yaprak boyu 15.90 cm ile 31.70 cm arasinda rapor etmistir.
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Cizelge 3. Farkli oranlardaki organomineral ve mineral giibre kombinasyonlarimin lahana yaprak ozellikleri {izerine
etkisi
Table 3. The effects of different ratios of organomineral and mineral fertilizer combinations on cabbage leaf characteristics

Uygulamalar Yaprak Sayis1 Yaprak Yaprak Boyu
(adet bitki) Kalinligi (mm)  (cm)
Sifir Giibre (kontrol) 2240 ¢ 1.66 ¢ 32.13 ¢
%0 OM + %100 M 23.25bc 1.96 ab 33.88 bc
%25 OM + %75 M 24.05b 2.04a 39.25a
%50 OM + %50 M 2713 a 2.02a 35.75b
%75 OM + %25 M 23.00 be 1.96 ab 35.88Db
%100 OM + %0 M 23.33 bc 1.76 bc 34.63 bc
LSDo.os 1.414 1,844 2.731
P 0.001 0.0352 0.002

OM: Organomineral M: Mineral

Lahana Yapraklarinda Fenol, Flavanoid ve C Vitamini Igerikleri

Istatistiksel olarak en yiiksek toplam fenol igerigi 1026 mg GAE 100gTA" ile “%00 +% 100 M”
uygulamasinda olmustur. En diisitk fenol igerigi ise 665 mg GAE 100gTA" ile “%750M+%25M”
uygulamasindan alinmistir. %50, %75 ve %100 artan mineral giibre oranlarryla lahanadaki fenol igerigi de
artmustir (Cizelge 4). Istatistiksel olarak en yiiksek toplam flavanoid igerigi 1024 mg RUT 100 gTA! ile “%
500M+% 50M” uygulamasinda goriilmiistiir. En diisiik deger ise 444 mg RUT 100gTA-! sifir giibre
uygulamasinda goriilmiistiir. Arastirmada uygulamalara gore C vitamini igeriginde énemli diizeyde bir
degisim gozlenmemistir ve istatistiksel olarak uygulamalar farkli bulunmamistir (Cizelge 4). En diisiik C
vitamini degeri 60.73 mg 100gTA ile “%0 OM+%100 M” uygulamasinda ve en yiiksek ise 66.14 mg
100gTA 1 ile “%50 OM + % 50 M” uygulamasinda goriilmiistiir. Gaafar vd., (2014), lahana grubu sebzelerde
C vitamini degerini 44.25-64.87 mg 100 g' arasinda belirtmistir. Tavali vd., (2014) organomimeral ve
mineral giibrelerin kullanildig1 ¢alismada lahanada vitamin C igerigini 52.0 ile 58.50 mg 100 g arasinda
degistigini bildirmistir. Nawirska-Olszanska vd., ( 2021) lahanada dort farkh kiikiirt kaynagi ile asagidaki
gibi yapilan kiikiirt giibrelemesinde, 1) Kiikiirt giibrelemesi olmadan kontrol; 2) 30 kg S ha! elementer
kiikiirt; 3) 30 kg S ha™ amonyum siilfat; 4) 30 kg S ha™! potasyum siilfat, lahana vitamin C igerigi sirasiyla
38, 39, 41 ve 45 mg vitamin C mg 100g" taze agirlik olarak degismis, potasyum siilfat kaynagindaki S
vitamin C igerigini en fazla artirmistir. Nawirska-Olszanska vd., ( 2021)'nin ayli ¢alismasinda fenolik
madde igerigi ise uygulamalara gore sirasiyla 61, 66, 59 ve 70 mg 100g" taze agirlik yine en yiiksek
potasyum siilfat kaynagindaki S ile artmustir.

Lahana Yapraklarinda Makro Besin Elementleri Uzerine Organomineral Giibrelerin Etkileri

Yapraklarin N igerigi mineral giibrenin %75 ve %100 oldugu uygulamalarda en yiiksek degerler olarak
sirastyla %6.15 ve %6.13 goriilmektedir. En diisiik azot konsantrasyonu %25 mineral giibre uygulamasinda
%4.46 olarak bulunmustur. Organomineral giibre oraninin artmasi lahana yapraklarinda azot
konsantrasyonunu artirmamuistir. En diisiik %4.46 azot degeri bile yeterli azot beslenmesi referans degerler
araliginda kalmaktadir (Cizelge 5). Jones vd., (1991), Citak ve Sonmez. (2010), Tavali vd., (2014) ve Reza
vd., (2016) yaptiklari calismalarda lahana yaprakarinda azot konsantrasyonu araliklarini sirastyla %3.5-4.8,
%1.82-4.42, % 2.40-3.65 ve % 0.96-1.90 olarak bildirmektedir (Cizelge 6).

Lahana yapraklarinda farkli giibre kombinasyonu uygulamalarinda fosfor konsantrasyonu %0.46 (sifir
giibre) ile %0.67 (OM%75+M%25) arasinda degismistir (Cizelge 5). Uygulamalarda organomineral giibre
orani arttikca yaprak fosfor igeriginin arttigi gozlenmistir. Organik madde artisimin toprakta fosfor
¢Oziilmesini artirdig1 ve yine organik maddenin rizosferde pH diismesini saglayarak bitkinin fosfor alimini
artirdig1 soylenebilir. Jones vd., (1991), Citak ve Sénmez. (2010), Tavali vd., (2014) ve Reza vd., (2016)
yaptiklari ¢alismalarda lahana yaprakarinda fosfor konsantrasyonu araliklarini sirasiyla %0.30-0.65, %0.13-
0.38, %0.24-0.51ve %0.14- 0.34 olarak bildirmektedir (Cizelge 6). Kacar ve Kovanci (1982) organik maddenin
toprakta P'un yarayigsiz hale doniismesini engelledigi ve boylece bitkilerin P'u daha kolay alabildigini
bildirmistir.
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Cizelge 4. Farkli organomineral ve mineral giibre kombinasyonlarinin lahana yapraklarinda fenol, flavonoid ve C
vitamini miktarlari {izerine etkileri

Table 4. Effects of different organomineral and mineral fertilizer combinations on the amounts of phenol, flavonoid
and vitamin C in cabbage leaves

Uygulamalar Toplam Fenol Toplam Flavanoid C vitamini
(mg GAE100g TAY)  (mgRUT 100 gTAY) (mg 100 g TA")
Sifir Giibre (kontrol) 848 ab 444 c 62.69
%0 OM + %100 M 1026 a 1018 a 60.73
%25 OM + %75 M 802 b 836 b 62.31
%50 OM + %50 M 750 b 1024 a 66.14
%75 OM + %25 M 665D 825D 65.86
%100 OM + %0 M 866 ab 718 ¢ 62.82
LSDoos 211.89 71.06 OD.
P 0.0449 0.001 0.353

OM: Organomineral M: Mineral

Lahana yaprakarinda potasyum konsantrasyonu %1.95 (0M%50+M%50) ile % 2.41 (0M%75+M%?25)
arasinda bulunmustur (Cizelge 5). Genel olarak organomineral giibre, lahana bitkisinde K diizeyini
korudugu soylenebilir. Ancak, 0M%50+M%50 uygulamasinda %1.95 K konsantrasyonu en diisiik
bulunmustur. Bunun nedeni bu uygulamada verimin en yiiksek olmasi nedeniyle K'un fazla tiiketilmesiyle
agiklanabilir. Jones vd., (1991), Citak ve Sonmez. (2010), Tavali vd., (2014) ve Reza ve ark. (2016) yaptiklar
calismalarda lahana yapraklarinda potasyum konsantrasyonu araliklarin sirasiyla %2.0-4.0, %1.80- 3.65,
% 1.65-1.91 ve % 0.90-1.40 olarak bildirmektedir (Cizelge 6). Preetha vd., (2005) topraga organik maddece
zengin vermikompost eklenmesinin N ve P’ un yam sira K bakimindan da topragi zenginlestirdigi
bildirilmektedir.

Lahana yapraklar1 kalsiyum igerikleri %0.55 (0M%0+M%100) ile %0.74 (0M%50+M%50) arasinda
degismektedir (Cizelge 5). Lahana ile yapilan 6nceki calismalarda Ca igin tespit edilen aralik degerler Jones
vd., (1991), Citak ve Sonmez. (2010), Tavali vd.,. (2014) ve Reza vd., (2016)'na gore Ca konsantrasyonu
sirastyla  %1.30-3.50, %0.48-1.24, %0.58-0.87 ve %0.40-0.67 olarak bildirilmektedir (Cizelge 6).
Organomineral giibre oraninin %25 ile %75 araliginda tutulmasi lahanada Ca beslenmesini olumlu
etkilemis goriilmektedir.

Yapraklardaki magnezyum konsantrasyonu %0.54 (0M%25+M%75) ile %0.72 (0M%50+M%50) arasinda
degismekle birlikte s6z konusu degisim istatistiksel olarak énemli bulunmamustir (Cizelge 5). Lahana ile
yapilan 6nceki ¢alismalarda Mg icin tespit edilen aralik degerler Jones vd., (1991), Citak ve Sonmez. (2010),
Taval1 vd., (2014) ve Reza vd., (2016)'na gore Mg konsantrasyonu sirastyla %0.28- 0.80, %0.12-0.20, %0.22-
0.50 ve %0.17-0.34 olarak belirtilmektedir (Cizelge 6). Denemedeki lahana bitkileri Mg bakimindan yeterli
beslendikleri goriilmiistiir. %50 organomineral giibre en yiiksek Mg igregine ulasmay1 saglamustir.

Cizelge 5. Organomineral ve mineral giibre kombinasyonlarmin lahana yapraklarinda makro besin elementleri
konsantrasyonlari {izerine etkileri (%)

Table 5. Effects of organomineral and mineral fertilizer combinations on macro nutrient concentrations in cabbage
leaves (%)

Uygulamalar N P K Ca Mg
Sifir Giibre 4.582b 0.455 ¢ 220b 0.57 ¢ 0.57
%0 OM + %100 M 6.125a 0.456 ¢ 2.06 a 0.55 ¢ 0.66
%25 OM + %75 M 6.145 a 0.457 ¢ 2.03 ¢ 0.69 a 0.54
%50 OM + %50 M 4.73b 0.487 ¢ 1.95b 0.74 a 0.72
%75 OM + %25 M 4.455 ¢ 0.665 a 241 a 0.67 ab 0.64
%100 OM + %0 M 4.56 ¢ 0.652 a 2.39a 0.57 ¢ 0.66

LSDo.os 1.06 oD 0.180 0.0987 oD

P 0.0005 0.657 0.001 0.0250 0.7467

O.D : énemli degil OM:organomineral M:mineral giibre

-
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Cizelge 6. Lahana yapraklarinda makro besin elementi icerikleri referans aralik degerleri (%)
Table 6. Reference ranges of macro nutrient contents in cabbage leaves (%)

Kaynak N P K Mg Ca

Jones vd., (1991) 3.50-4.80 0.30-0.65 2.-4.0 0.28-0.80  1.30-3.50
Citak ve Sonmez(2010)  1.82-4.42 0.13-0.38  1.80-3.65 0.12-020  0.48-1.24
Tavali vd., (2014) 2.40-3.65 0.24-0.51  1.65-191  0.22-0.50  0.58-0.87
Reza vd., (2016) 0.96-1.90 0.14-0.34  0.90-140 0.17-0.34  0.40-0.67

Lahana Yapraklarinda Mikro Besin Elementleri Uzerine Organomineral Giibrelerin Etkileri

Denemede lahana yapraklarinda demir konsantrasyonu 17.33 ppm (sifir giibre) ile 26.33 ppm
(OM%50+M%50) arasinda degismistir (Cizelge 7). Jones vd., (1991), Bozokalfa vd., (2003), Citak ve Sonmez
(2010) ve Kumar vd., (2015)’a gore lahana yapraklarinda Fe konsantrasyonlar sirasiyla 30-200 ppm, 104.0-
268.8 ppm, 39.3-123.0 ppm ve 48.60-236.80 ppm olarak bildirilmistir (Cizelge 8). Bu ¢alismadaki lahana
yapraklar1 Fe konsantrasyonlar1 yeterli beslenme simir degerleri altinda kalmistir. Calismada mikro
element Fe gilibrelemesi yapilmamistir. Organomineral giibre kullanimi ile toprakta olan mikro
elementlerin alimi saglanabilir seklinde diistiniilmiistiir ancak, deneme topraginda Fe elementi yetersiz
oldugu anlagilmaktadar.

Deneme bitkilerinde yapraklarin mangan konsantrasyonlar1 4.50 ppm (%25 OM + %75 M) ile 10.50 ppm
(%75 OM + %25 M) arasinda degismistir (Cizelge 7). Jones vd., (1991), Bozokalfa vd., (2003), Citak ve
Sonmez (2010) ve Kumar vd., (2015)'a gore lahana yapraklarinda Mn konsantrasyonlar: sirasiyla 20-200
ppm, 25.7-45.9 ppm, 15.3-41.5 ppm ve 13.20- 22.98 ppm olarak bildirilmistir (Cizelge 8). Mikro
elementlerden Fe’dekine benzer bir durum Mn icin de gecerlidir. Organomineral giibre kullanimi ile
toprakta olan mikro elementlerin alimi saglanabilir seklinde diisiiniilmiistiir ancak, deneme topraginda
Mn elementi yetersiz oldugu anlasilmaktadir.

Lahana yapraklarinda ¢inko konsantrasyonu 20.00 ppm ile 24.66 ppm arasinda degismistir (Cizelge 7).
Jones vd., (1991), Bozokalfa vd., (2003), Citak ve Sonmez (2010) ve Kumar vd., (2015)'a gore lahana
yapraklarinda Zn konsantrasyonlar1 sirasiyla 20-200 ppm, 16.9-28.2 ppm, 23.0-97.0 ppm ve 23.86-80.36
ppm olarak bildirilmistir (Cizelge 8). Organomineral {ist giibre Instela Yield’de Zn bulundugu icin lahana
yapraklarinin ¢inko beslenmesi yeterli olmustur.

Yapraklarin bakir konsantrasyonlar1 1.00 ppm ile 3.00 ppm arasinda degismistir (Cizelge 7). Jones vd.,
(1991), Bozokalfa vd., (2003), Citak ve Sonmez (2010) ve Kumar vd., (2015)'a gore lahana yapraklarinda Zn
konsantrasyonlari sirasiyla 5-15 ppm, 2.40-3.75 ppm, 1.20-5.60 ppm ve 2.60-12.91 ppm olarak bildirilmistir
(Cizelge 8). Bu calismadaki lahana yapraklar1 Cu konsantrasyonlart 0M%25+M%75 ve 0M%50+M %50
uygulamalarinin her ikisinde de 3 ppm ile yeterli beslenme simirlarinda iken diger uygulamalarda Cu
eksikligi goriilmiistiir. Mikro elementlerde Fe ve Mn’'daki benzer durum Cu igin de gegerlidir.
Organomineral giibre kullanimi ile toprakta olan mikro elementlerin alimi saglanabilir seklinde
diistiniilmiistiir ancak, deneme topraginda Cu elementi yetersiz oldugu anlasilmaktadir.

Cizelge 7. Organomineral ve mineral giibre kombinasyonlarinin lahana yapraklarinda mikro besin elementleri
konsantrasyonlari {izerine etkileri (ppm)
Table 7. Effects of organomineral and mineral fertilizer combinations on micro nutrient concentrations in cabbage leaves (ppm)

Uygulamalar Fe Mn Zn Cu
Sifir Giibre (kontrol) 18.66 6.25 ab 24.66 ab 1.00
%0 OM + %100 M 18.33 575b 20.05 bc 1.56
%25 OM + %75 M 20.00 450 b 20.00 c 3.00
%50 OM + %50 M 26.33 4.75b 2533 a 3.00
%75 OM + %25 M 21.33 10.50 a 26.33 a 1.64
%100 OM + %0 M 17.33 525b 24.33 ab 1.66
LSDo.os oD 4.581 4.964 oD
P 0.797 0.0266 0.035 0.886
—
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Lahana yapraklarinda yapilan mikro element analizleri bir kez daha gostermistir ki, basaril bir iiretim igin
yetistiricilik sirasinda makro elementler kadar mikro elementlerin de mutlaka giibreleme programina dahil
edilmesi gerekmektedir.

Cizelge 8. Lahana yapraklarinda mikro besin elementi igerikleri referans aralik degerleri (ppm)
Table 8. Reference ranges of micronutrient contents in cabbage leaves (ppm)

Kaynak Fe Mn Zn Cu

Jones vd., (1991) 30-200 25-200 20-200 5-15

Bozokalfa vd., (2003) 104.0-268.8 25.7-45.9 16.9-28.2 2.40-3.75

Citak ve Sonmez (2010)  39.3-123.0 15.3-41.5 23.0-97.0 1.20-5.60

Kumar vd., (2015) 48.60-236.80 13.20- 22.98 23.86-80.36 2.60-12.91
SONUC

Bu calismadan elde edilen sonuglara gore, lahana yetistiriciliginde yeni nesil organomineral giibrelerin
kullanimi olumlu ve basarili etkiler yapmistir. Organomineral giibrelerin iireticilere tamitilmasi ve
kullanima gegis asamasinda klasik mineral giibreler ile belli oranlarda karistirilarak kullanimi
onerilmektedir. Lahana giibreleme programinda bitkinin gereksinim duydugu besin maddelerinin
oncelikle %50 ve ikinci sirada %75 oranlarinda organomineral giibreler ile kombinasyonlar yapilarak
verilmesinin tercih edilmesi lahana bitkisinde biiyiime, gelisme toplam verim, kalite unsurlar1 ve besin
maddeleri alimi {izerine olumlu artiric1 etkiler yapacaktir.

CIKAR CATISMASI
Herhangi bir ¢ikar ¢atigsmasi bulunmamaktadir.

YAZAR KATKISI

Calismanin tasarlanmasi, planlanmasi ve makalenin yazilmas: Hayriye Yildiz DASGAN, denemenin
arazide yiriitiilmesi, 0l¢iim ve analizler Hayriye Yildiz DASGAN danismanhiginda Yiiksek Lisans
dgrencisi Vahide ZENGIN tarafindan yapilmistir.
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Assessment of The Effect of Gamma Ray Treatments on Pollen Behavior in Cyclamen*
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Abstract The aim of the study is to evaluate the effects of gamma irradiation on pollen grains of Cyclamen persicum L. which is a valuable ornamental
pot plant. Pollens were irradiated at different doses (0, 50, 100, 150, 200, 300, 450 Gy) of gamma-ray using Co-60 source and pollen viability and in vitro
pollen germination test were carried out and tube length of in vitro germinated pollens was measured. Additionally, in vivo pollen development was
visualized by performing an aniline blue fluorescence method. Average pollen viability was ranged from 82.02% to 87.03%. The highest pollen
germination rate (66.13%) was observed in the control group at 24 h after irradition, while the lowest rate (28.51%) was determined in 450 Gy treatments
at 72 h after irradition. The shortest pollen tube length (48.02 um) was observed at 72 h old non-irradiated pollen grains, while the most extended
pollen tube length (79.37 um) was determined in pollen grains irradiated with 300 Gy at 24 HAI. When the irradiation dose increases from 150 Gy to
450 Gy, inhibition on pollen germination and pollen tube elongation within the style were observed.

Keywords: Irradiation, Pollen tube elongation, germination, viability, lethal dose

&

Oz: Bu caligmanin amaci 6nemli bir saksili siis bitkisi olan Cyclamen persicum L.nin polenleri iizerine gama 1sinlamasinin etkileri degerlendirilmistir.
Polenler Co-60 kaynagi kullanilarak farkli dozlarda (0, 50, 100, 150, 200, 300, 450 Gy) gama 111 ile 1sinlanmig ve polen canliligl, polen ¢imlenme orani
ve in vitro’da ¢imlenen polenlerin tiip uzunlugu dl¢iilmiistiir. Ek olarak, anilin mavisi floresan yontemi uygulanarak in vivo polen gelisimi gézlenmistir.
Ortalama polen canliligi %82.02 ile %87.03 arasinda degismistir. En yiiksek polen ¢imlenme orami 1sinlamadan 24 saat sonra kontrol grubunda
(%66.13), en diisiik oran ise 1s1nlamadan 72 saat sonra 450 Gy uygulamada (%28.51) belirlenmistir. En kisa polen tiipti uzunlugu (48.02 um) 72 saatlik
1smlanmamis polenlerde gozlenirken, en uzun polen tiipii (79.37 um) isinlamadan 24 saat sonra 300 Gy ile 1isinlanmig polenlerde belirlenmistir.
Isinlama dozu 150 Gy'den 450 Gy'ye yiikseldiginde, polen ¢imlenmesi iizerinde ve stil igerisinde polen tiip uzamasinda duraganlik gézlemlenmistir.
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Assessment of The Effect of Gamma Ray Treatments on Pollen Behavior in Cyclamen

INTRODUCTION

Cyclamen is commercially cultivated worldwide for the use as ornamental pot plant. It is a perennial
bulbous plant with attractive flowers and leaves (Curuk et al., 2015, Simsek et al., 2017). Cyclamen breeding
is usually carried out with conventional crossing and phenotypic selection. Still, traditional breeding takes
a long time and often fails due to cross-incompatibility and selfing depression at different levels of the
breeding cycle (Winkelmann et al., 2011). Therefore, it is important to obtain superior parental lines by
haploid methods. Pollination with irradiated pollen is one of the standard methods to induce in situ
parthenogenesis to get haploid plants. The principle of the technique is based on hand pollination with
pollens exposed to ionizing (X-ray, Gamma-ray, etc.) or non-ionizing (UV) rays to get parthenogenetic
haploids. In this method, pollen germination occurs on stigma, and the pollen tube elongates to reach the
embryo sac within the style. Nevertheless, fertilization cannot happen, but egg cell division and embryo
development are stimulated (Grough et al., 2015).

The applications of irradiated pollen began with Rontgen’s discovery of X-rays. The first studies
investigated the effects of irradiation on pollen germination and pollen tube elongation. The production of
haploid plants with irradiated pollen was first performed in the Triticum monococcum species. This
technique has been successfully applied to other economically important species. In the latest studies,
gamma rays are widely used to irradiate pollens due to their simple application, efficient penetration,
repeatability, high mutation frequency, and low lethality of the samples (Kurtar and Balkaya, 2010). There
are different opinions about the effect of radiation on parthenogenic development. However, these views
agree that pollination with irradiated pollen mainly consists of cytological abnormalities during mitotic
divisions during pollen tube formation and deviations in the normal sexual fertilization process. A haploid
embryo or haploid endosperm nucleus is formed after pollination with irradiated pollen is explained in
two different ways. The first of these; is the fertilization of the egg cell by the damaged male reproductive
cell by eliminating the chromatin from the cytoplasm. The second opinion is the stimulation of the egg cell
by the male reproductive cell with a pycnotic nucleus (Sestili and Ficcadenti, 1996).

Although the factors affecting haploid plant production with irradiated pollen are similar to other
haploidization techniques, they show differences due to irradiation. Therefore determination effects of
radiation doses on pollen behaviour is one of the most important factor in in situ parthenogenesis. In this
study, we aimed to evaluate the effects of different gamma irradiation doses (Co60) on pollen viability,
pollen germination, pollen tube development within the style.

MATERIAL AND METHOD

Irradiation of Pollen and Pollination with Irradiated Pollens

C. persicum plants (Maxora, Varinova, Holland) were cultivated in a plastic greenhouse in Ondokuz Mayis
University, Faculty of Agriculture in Tiirkiye for the duration of the experiments. Unopened flower buds
were emasculated two days before the anthesis stage early morning. For the emasculation process, the
petals of the flowers were held tightly with the thumb and forefinger so that they would not be crushed,
and the receptacle was fixed by holding it with the thumb and forefinger finger of the other hand without
crushing it. Afterwards, the petals were gently moved back and forth and sideways to separate the petals
from the point where the inner anthers were attached to the flower base. In the last stage, the petals are
pulled upwards by turning clockwise and in this way they are separated from the receptacle without
damaging the ovary and stigma. Then petals with inner anther were transported to the Turkish Energy,
Nuclear and Mineral Research Agency (Ankara, Tiirkiye) in the cool box (+4 °C). They were irradiated with
50, 100, 150, 200, 300, 450 Gy of gamma rays at 361 Gy/h using a Co60 source unit (Institute of Isotopes Co.
Ltd., Hungary). Petals with inner anthers from at least twenty flower buds for each irradiation dose were
irradiated, and a control group without irradiation was separated. Anthers were isolated from petals after
irradiation and incubated in a desiccator overnight at 30 °C and 75% RH to obtain pollen grains. Finally
emasculated flower buds were pollinated with irradiated pollen grains 24 h after emasculation.
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Pollen Viability, In Vitro Pollen Germination, and Pollen Tube Growth

Pollen viability and pollen germination tests were carried out with irradiated pollen grains according to
the protocol reported by Tiitiincii and Mendi (2020). 2,3,5-Triphenyltetrazolium chloride (TTC, 0.1%) were
used for pollen viability tests. TTC solution was dropped on a microslide. Then, a small amount of pollen
were distributed homogeneously in the drop, and a coverglass was applied. Incubation of the samples were
performed at 30+2 °C in the dark. After 60 min incubation period, pollen rates were estimated counting
viable pollens under a light microscope. Four microslides were used for each replication and viability test
was repeated twice. In each experiment, pollen grains in randomly selected at least four areas (1x1 mm) in
each microslide were counted. A basic media supplemented with sucrose (10%) and solidified with 1.0%
agar were used for in vitro pollen germination. Pollens were distributed with paintbrush on solid media
and incubated for 60 min at 30+2 °C. Then, the germinated pollen grains were counted under a light
microscope (DM1000, Leica, Wetzlar, Germany) and the germination test repeated twice in three Petri
dishes for each replication. Three square (1x1 c¢m) slices were cut out randomly from the media for each
Petri dish (90 x 15 mm), and four areas (1x1 mm) for each slide were randomly selected and analyzed. The
photographs of the elongated pollen tubes which are at least three times longer than their diameter, from
the each area were taken, and tube length was measured with a software program (Digimizer 5.4.1,
MedCalc Software, Belgium). The remaining pollen grains were stored within the lightproof boxes at +4 °C
and pollen viability and in vitro pollen germination tests were repeated at 24, 48 and 72 hours after
irradiation (HAI) to evaluate irradiation effect.

In Vivo Pollen Tube Growth

The pollen tube growth (PTG) within the stylus were analyzed using the aniline blue fluorescence method
according to Karabiyik et al. (2018). Emasculated flower buds were pollinated with irradiated pollens (50,
100, 150, 200, 300, 450 Gy y-ray). The pollinated flower buds were harvested 24 h intervals after pollination
until the 9th day. A three flower buds were collected for each time-dose combination and stored in FPA-70
solution (formaldehyde-propionic acid-alcohol) at +4 °C until analysis. Firstly, flower buds were rinsed
under tap water overnight to remove FPA-70 and then transferred into softening solution (NaOH, 8N) for
8 hours. Flower buds rewashed overnight under tapwater before staining step. An aniline blue stock
solution (0.4%) was prepared by dissolving 1 g aniline blue diammonium salt (Sigma-Aldrich, USA) and
11.28 g tri-potassium phosphate (Sigma-Aldrich, USA) in 250 distilled water. The staining solution was
prepared by diluting stock solution with distilled water (1:3 v/v) before staining. Thereafter, samples were
immersed to staining solution and incubated at 4°C for three days. At the last step, pistils were cut
longitudinally from the mid-axis, and transferred to a slide to scan PTG under a fluorescence microscope
(BX51, Olympus, Tokyo, Japan).

RESULTS

Pollen Viability, In Vitro Pollen Germination, and Pollen Tube Growth

The effects of gamma rays irradiation were evaluated to reveal pollen viability at 24, 48 and 72 h after
irradiation (HAI). 24 h after irradiation (HAI), stainability of the pollen grains with TTC was ranged from
78.00 to 88.67 % at 450 Gy and 50 Gy irradiation doses, respectively. At 48 HAI, the irradiated pollen grains'
viability rate increased in 300 and 450 Gy treatments and the highest rate (89.25%) was observed in 300 Gy.
However, pollen viability slightly decreased at 24 HAI and 72 HAI as the irradiation dose increased. A
similar decrease compared to 48 and 24 HAI was determined at 72 HAI, except for 450 Gy treatment. The
viability rate of the pollen irradiated with 450 Gy increased at 48 HAI, then viability rate placed between
24 and 48 HAI levels (Table 1).

The irradiated pollen grains' in vitro germination ability was determined at 24, 48 and 72 h after irradiation
and in vitro germination rates were lower than the stainability of the pollen grain with TTC to overall
results. The germination rates of the non-irradiated pollen grains were higher than that of irradiated pollen.
The highest pollen germination rate (66.13%) was observed in the control group at 24 HAI while the lowest
rate (28.51%) was determined in 450 Gy treatments at 72 HAI In vitro germination rates decreased
continuously depending on the increase of irradiation doses and the elapsed time after irradiation
treatments. The percentage of the germinated pollen was approximately 50% for 150 Gy doses at 24, 36 and
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72 HAI and germination rates were found to be below 50% for 200, 300 and 450 Gy doses at 24, 36 and 72
HAI (Table 2).

Table 1. Pollen viability rates at 24, 48 and 72 hours after irradiation (HAI).
Cizelge 1. Istnlamadan 24, 48 ve 72 saat sonvaki polen canhilik oranlari.

Irradiation  doses

Pollen viability rate (%) + Stdv.

(Gy) 24 HAI 48 HAI 72 HAI Mean

0 83.46 +2.75 82.67 + 6.28 79.98 + 2.98 82.03 +4.00
50 88.67 +1.72 85.59 +3.16 79.04 +7.27 84.43 +4.05
100 87.05 +2.39 86.46 + 1.70 87.58 +1.54 87.03+1.87
150 83.25 + 1.50 82.41+1.70 81.01 £ 3.56 82.22 £2.25
200 87.51+2.34 84.48 +5.18 86.60 + 0.88 86.19 +2.80
300 84.93 +3.93 89.25 +2.34 81.54 +1.64 85.24 +2.63
450 78.00 + 5.64 87.45 + 3.79 83.19 +2.24 82.88 + 3.89

Table 2. In vitro germination percentage pollen grains in 24, 48 and 72 h after irradiation (HAI).

Cizelge 2. Isinlamadan 24, 48 ve 72 saat sonraki in vitro polen ¢imlenme oranlari.

Irradiation doses

Pollen germination (%) + Stdv.

(Gy) 24 HAI 48 HAI 72 HAI Mean

0 66.133.54 65.19+3.14 65.40+2.30 65.57+2.99
50 63.19+4.22 61.18+4.86 60.09+1.95 61.48+3.67
100 60.78+3.85 60.24+1.18 59.47+2.11 60.16+2.38
150 50.58+1.66 51.25+1.86 49.7243.05 50.52+2.19
200 50.63+2.01 48.91+1.22 46.78+1.32 48.77+1.52
300 46.94+2.40 43.63+1.18 40.56+3.64 43.7142.40
450 35.03£1.71 30.92+1.78 28.51+1.74 31.48+1.74

In vitro pollen tube growth determined measuring tube length in vitro germinated pollens 24, 48 and 72 h
after irradiation. The effects of irradiation doses and HAI on pollen tube length were statistically significant
(P<0.01). The shortest pollen tube length (48.02 um) was observed at 72 hours old non-irradiated pollen
grains, while the most extended pollen tube length (79.37 pm) was determined in pollen grains irradiated
with 300 Gy at 24 HAI (Table 3). The pollen tube lengths increased in parallel with the increase in irradiation
doses except for 450 Gy. Moreover, pollen tube length was restricted by the duration after irradiation
treatments.

Table 3. Comparison in vitro pollen tube elongation in 24, 48 and 72 HAIL
Cizelge 3. Isinlamadan 24, 48 ve 72 saat sonra in vitro polen tiipii uzmamasmin karsilastrilmas.

Irradiation Pollen tube length (um)

doses (Gy) 24 HAI 48 HAI 72 HAI Means of doses
0 50.55 hij 50.24 jj 48.02] 49.60 d

50 54.68 g-j 53.25 g-j 55.81ghi 54.58 ¢

100 64.74 de 66.2 cd 55.62 ghi 62.19b

150 56.19 f-i 53.58 g-j 63.53def 57.77 ¢

200 66.64 cd 67.87 cd 58.02 e-h 64.18b

300 79.37 a 78.89 a 58.9 efg 7212 a

450 73.34 abc 75.57 ab 69.73 bed 72.88 a
Means of HAI 63.65 a 63.66 a 58.40 b

LSDdose=4.325, LSDna=2.831, LSDdose x HAl =7.491 (P<0.01), Different letters within a column (for each HAI: hours after
irradiation) or within a row (for the mean of irradiation doses) indicate significant differences.
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In Vivo Pollen Tube Growth

The aniline blue fluorescence method was used to evaluate pollen tube growth within the style after
pollination with irradiated pollen grains. Pollen grains in the control group (non-irradiated) started to
germinate on stigma from the first day after the pollination, and the pollen tube elongated within the style
(Figure 1A-1B: germination of non-irradiated pollen grains on stigma at 1 DAP and 4 DAP respectively, 1C: elongation
pollen tube within the style at 4 DAP). Elongation of the pollen tubes continued during the first week after
pollination and reached ovule at 8 DAP (Figure 1D). Similar growth behaviors were determined for pollen
germination, pollen tube elongation, and duration for pollen tubes to reach ovules, along with the

increasing dose from 0 to 150 Gy of gamma radiation.

Figure 1. Pollen tube development of non-irradiated pollen grains (o: ovule, p: pollen, pt: pollen tube, s: stigma, scale
bars: 100 pum).
Sekil 1. Istnlama yapilmayan pollerin polen tiipii gelisimi (o: oviil, p: polen, pt: polen tiipii, s: disicik tepesi, 6l¢ii ¢izgisi: 100 um).

At the dose of 150 Gy, pollen grains started to germinate on stigma at 1 DAP, and the pollen tube started
to elongate within the style (Figure 1A). Although pollen tubes elongated within the style from the first
day after pollination, it was observed that the pollen tube did not reach the ovary at 4 DAP (Figure 2B). At
8 DAP, it has been seen that the pollen tube elongated through the ovary and the pollen tube reached the
ovule (Figure 2C, 2D).

A small amount of pollen germination on stigma was observed at the higher doses (200, 300 and 450 Gy).
When the irradiation dose increases from 150 Gy to 450 Gy, inhibition on pollen germination and pollen
tube elongation within the style were observed. At the dose of 450 Gy, a few germinated pollen grains were
determined on stigma (Figure 3A), but any elongated pollen tube was not observed within the style or
ovary (Figure 3B-3C: longitudinal section of style at 4 DAP, Figure 3D: ovary and ovules at 8§ DAP).
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Figure 2. Pollen tube development of pollen grains irradiated with 150 Gy gamma rays (o: ovule, p: pollen, pt: pollen
tube, s: stigma, sty: style, scale bars: 100 pum).

Sekil 2. 150 Gy gama 151m1 uygulanan polenlerde polen tiipii gelisimi gelisimi (o: oviil, p: polen, pt: polen tiipii, s: disicik tepesi,
sty: disicik borusu, 6lgii ¢izgisi: 100 pm).

. —ro— . ——
Figure 3. Pollen tube development of pollen grains irradiated with 450 Gy gamma rays (o: ovule, p: pollen, pt: pollen
tube, s: stigma, sty: style, scale bars: 100 um).
Sekil 3. 450 Gy gama 1511 uygulanan polenlerde polen tiipii gelisimi gelisimi (o: oviil, p: polen, pt: polen tiipii, s: disicik tepesi,
sty: disicik borusu, 6l¢ii ¢izgisi: 100 pm).
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DISCUSSION

The pollen viability rate decreased from the irradiation doses increased from 50 Gy to 200 Gy, while an
increase was observed in pollen viability in 300 and 400 Gy doses at 24 HAI compared to the non-irradiation
group. The pollen viability were found to be lower than the initial values in all treatments except control
and 50 Gy. A steady decline were observed in control and 50 Gy. Schwartz-Tzachor et al. (2007) reported
that pollen viability gradually decreased in C. persicum in the following days of their research. The highest
survival rate was reported to be approximately 80% in 1-day-old pollens. On the 4th day, it was seen that
the pollen vitality decreased to 70-75%. Additionally, Cordea and Triplica (2019) examined the pollen
viability rates in 7 different cyclamen varieties and found that the pollen viability rates were between 85-
95%. According to the previous studies, it is seen that the pollen viability rate in cyclamen is higher than
70%, and the results are consistent with the results of the control group of our study.

Akhtar (2014) reported that 5 kr gamma irradiation dose in tomato cv. 'Rio Grande' increased the pollen
viability rate compared to the control. Kurtar (2009) reported viability rate of non-irradiated pollens in
squash was 90%, this rate decreased as the irradiation dose increased and the pollen viability rate decreased
to 17% in the 300 Gy dose applications. On the other hand, no significant differences were observed in
different irradiation doses on pollen viability in 'Majia' pomelo by Yang et al. (2020) and trifoliate orange
by Wang et al. (2016). These results suggest that increase or decrease in pollen viability is primarily due to
the different reactions of plant species, cultivars or genotypes according to the amount and duration of the
applied irradiation dose.

The pollen germination rate is relatively lower than the pollen viability rate in non-irradiated pollens.
Cordea and Triplica (2019) reported that the lower in vitro germination rate than pollen viability was 4-20%
in seven cultivars of C. persicum. These results were consistent with our results. However, the mean of the
pollen germination rates decreased as the radiation dose increased from 0 to 150 Gy, and the germination
capability of the pollen fell below 50% in irradiation applications above 150 Gy. The reduction in pollen
germination also occurred at 48 and 72 HAI suggesting irradiation dose and time after pollen exposed
irradiation were detrimental for pollen grains. Pollen viability and germination are affected by many
factors. Besides the development period of the anthers, the relative humidity, the amount of oxygen and
carbon dioxide and the ambient temperature are other factors that determine the viability and germination
capability of the pollen (Sidhu, 2019). Additionally, Ali et al. (2015) stated that different doses of gamma
radiation in various crops causes an increase in cellular enzymatic activity. It may suggest that differences
in pollen vitality and germination rate may also result from cellular stress caused by radiation applications.

In vitro pollen tube length was strictly affected by gamma radiation. Pollen tube length increased as the
radiation dose increase from 0 to 300 Gy. It was observed that the pollen tube length tended to decrease at
450 Gy gamma radiation. In a previous study conducted by Yigit (2008) in apple a positive correlation
between pollen tube length and radiation level was reported. Pandey and Kumar (2013) reported that
germination rates in pollen increased by irradiation dose up to 300 Gy in Linum. At the 400 and 500 Gy
doses, a decrease in pollen viability, germination rates, and pollen tube length was determined. Therefore,
the effects of irradiation doses on in vitro pollen tube length may differ among plant species in a dose-
dependent manner. Additionally, Stephan (2021) indicated that ionization radiation affects pollen tube
growth and nuclear function. Ionization radiation causes dramatic impairment of the genome entity, but
its effects on polar growth are minor.

CONCLUSION

The results showed that irradiation doses and time after irradiation affect pollen viability, germination and
pollen tube length. Although increasing radiation doses up to 300 Gy had a positive effect on in vitro pollen
tube length but limited the development of the pollen tube within the style. Pollen tube formed in the first
two days within the style after pollination with irradiated and non-irradiated pollen and reached the ovary
in 5-7 days. However, in increasing doses from 150 Gy to 450 Gy, it was observed that the number of pollen
tubes reaching the ovary decreased or could not reach the ovary due to the retention of the pollen tube
within the style after germination. This limitation in pollen tube development within the style is related to
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irradiation doses and detrimental effects of the radiation. It can be inferred that 150 Gy gamma irradiation
is LDso dose for pollen grains in our study considering germination and in vivo pollen development.
Therefore, in vivo pollen tube development could be inhibited in gamma irradiation above 150 Gy. On the
other hand, the inhibition of in vivo pollen tube development above 150 Gy while in vitro pollen tube length
increases are thought to be due to the pollen-pistil interactions are genetically regulated. Another possible
explanation could be the inhibition of novel RNA synthesis, required for continued pollen tube growth,
due to disruption of the genome by radiation.
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Asili Domates Fidesi Uretiminin Domates Bitkilerinin Kalitesine Etkileri

Effects of Grafted Tomato Seedling Production on the Quality of Tomato Plants
Olcay Sezen Asrin Tezcan''¥, Aslihan Cilingir Tiitiincii' **, Abdurrahman Ay2"=.
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Oz: Bu calismada, asili ve agisiz olarak yetistirilen domates fidelerinin (Solanum lycopersicum cv. SC-2121) dikim sonrasi ilk meyve tutum dénemine
kadar biiytime hizlarinin belirlenmesi amaglanmistir. Bu amagla SC-2121 domates gesidi ti¢ farkli domates anaci (Kudret Fi, Hamarat Fi, Penge F1)
tizerine agilanmigtir. Ayrica, asisiz SC-2121 hibrit domates gesidi kontrol olarak kabul edilmistir. Domates bitkilerinde en yiiksek gévde capr (12.3
mm), bitki boyu (35 cm) ve kok izdiisiim alani (1.405 cm?) Penge Fi anaci iizerine agilanan domates bitkilerinde belirlenmistir. En yiiksek yaprak
Klorofil igerigi (50 CCI) ve nispi biiytime hiz1 (0.037 gm giin') Hamarat F1 anaci tizerine agilanan domates bitkilerinden elde edilmistir. Calisma
sonucunda asilama yapilmus bitkilerde bitki nispi biiytime hiz1 ve kalitesi artirilmigtir. Ancak, asisiz olarak yetistirilen domates bitkilerinin biiytime
hiz1 Kudret F1ve Penge F1 anacina agilanmuis bitkiler ile benzerlik gostermistir. Ayrica, kontrol bitkilerinde gévde ¢ap ve bitki boyu degerleri Kudret
Five Hamarat Fi anacina agilanan bitkilerden daha tistiin olmakla birlikte Penge F1 anacina agilanan bitkiler ile benzer bulunmustur.

Anahtar Kelimeler: Anag, Nispi biiytime hizi, Solanum lycopersicum, Organik yetistiricilik.

&

Abstract: This study aimed to determine the growth rates of tomato seedlings (Solanum lycopersicum cv. SC-2121) grown as grafted and ungrafted
seedling until the first fruit set period after planting. For this purpose, SC-2121 tomato cultivar was grafted onto three different tomato rootstocks
(Kudret Fi, Hamarat Fi, Penge F1). In addition, the ungraftes SC-2121 tomato variety was accepted as a control. The highest stem diameter (12.3 mm),
plant height (35 cm) and root projection area (1.405 cm?) were determined in tomato plants grafted on Penge F1 rootstock. The highest leaf chlorophyll
content (50 CCI) and relative growth rate (0.037 gm day') were obtained from tomato plants grafted on Hamarat F1 rootstock. As a result of the study,
plant relative growth rate and quality were increased in grafted plants. However, the growth rate of tomato plants grown without grafting was similar
to plants grafted on Kudret F1 and Penge Fi rootstocks. In addition, However, stem diameter and plant height values of control plants were superior
to plants grafted on Kudret F1 and Hamarat Fi rootstock, but were similar to plants grafted on Penge F1 rootstock.

Keywords: Rootstock, Relative growth rate, Solanum lycopersicum, Organic farming.
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GIRIS

Sebze yetistiriciliginde stres kosullarinin varligi, sebze iiretiminde asili fide kullanimini yaygin bir
uygulama haline getirmistir (Yetisir vd., 2003). Asili fide kullanimz1 ile temel olarak hastalik ve zararlilara
karst dayarkhilik saglayarak, erkenciligi ve verimi arttirmak hedeflenmektedir (Sen ve Ozeng, 2017).
Ayrica, toprak kokenli hastaliklarla miicadele, diisiik toprak sicakliklarina tolerans, tuzluluk ve asir1 nem
gibi olumsuz toprak kosullarina tolerans, bitkilerin daha gliclii gelismesi, hastalik ve zararlilara
dayarnukli/toleransli anaglarin kullanilarak zirai ilaglarin kullanimini azaltmak sebzecilikte asilamanin
avantajlar1 arasinda sayilmaktadir (Ece ve Cimen, 2013).

Tiirkiye’de asili fide kullanimi toprak kaynakli sorunlar nedeniyle artmaktadir. Asili bitkilerin kuvvetli
kok yapisina sahip olmalari, bitkilerin toprak kokenli sorunlara dayanimini saglayarak verimliligi
artirmaktadir (Lee, 1994; Tiizel vd., 2010; Ece ve Cimen, 2013).

Glniimiizde asili fide kullanimi yayginlasmistir, ancak asili fidelerin maliyetlerinin yiiksek olmasi
iireticilerin maliyetlerini artirmaktadir. Ozellikle sebze yetistiriciliginde mono kiiltiiriin yaygimnlasmasi
nedeniyle asili fide kullaniminin kag¢milmaz bir yol oldugu diisiiniilmektedir (Ece ve Cimen, 2013). Mono
kiiltiir sebze iiretimi; toprak kokenli hastaliklar, nematod ve toprak yorgunluguna neden olarak énemli
ol¢lide verim ve kalite kaybina sebep olmaktadir (Kurt vd., 2002). Ancak, toprak yapisinin 6zellikle toprak
mikroorganizmalar1 yoniiyle iyilestirilmesi ve masuraya dikim ile asisiz fide kullaniminda da 6nemli
avantajlar saglandig1 yapilan galismalarla ortaya konulmustur (Oztiirk ve Ozer, 2019; Alagoz vd., 2020).

Yanlis tarimsal uygulamalar sonucu bozulan toprak yapisi ve canliligl, topraga organik madde ilavesi ile
topragin organik maddece zenginlestirilmesi ile miimkiindiir (Saha vd, 2008; Tiizel vd., 2011; Zhang vd.,
2012). Toprak canliligini olusturan kok bakterilerinin, besinlerin yarayisliligini artirma ve biyolojik kontrol
gibi etkilere sahip olduklar: bilinmektedir (Hubbel ve Kidde, 2003; Altin ve Bora, 2005; Orudzheva, 2012).

Bu calismanin amaci organik olarak yetistirilen farkli anaglar tizerine asilanan domates fideleri ile asisiz
domates fidelerinin erken bitki gelisiminin karsilagtirilmasidir.

MATERYAL VE METOT

Calisma, 15 Nisan-1 Temmuz 2022 tarihleri arasinda Ondokuz Mayis Universitesi Ziraat Fakiiltesi
Arastirma ve Uygulama arazisinde bulunan cam sera ve agik arazide yiiriitiilmiistiir. Arastirma, SC-2121
hibrit domates ¢esidi (Solanum lycopersicum) asili domates fidesi eldesinde kalem olarak kullanilmistir. SC-
2121 hibrit domates ¢esidi ise ii¢ farkli anag (Solanum lycopersicum cv. ‘Kudret F1, Hamarat Fi, Penge F1")
lizerine agilanmistir.

Aragtirmada, domates anaglar1 (Kudret F1, Hamarat F1, Penge F1) ve kaleme (SC-2121) ait tohumlar torf ile
doldurulmus 2.6 x 2.6 cm ¢apli hiicrelere sahip 210 gozlii viyollere ekilmistir. Anaclarin tohumlar1 15 Nisan
2022 tarihinde ekilirken, SC-2121 ¢esidinin tohumlar1 20 Nisan 2022 tarihinde ekilmistir. Tohum ekimi
yapilan viyoller 1sitma kontrollii cam serada yetistirme tezgahlarina yerlestirilmis, yetistirme periyodu
boyunca giinde 3 kere (saat:10.00, 14.00, 16.00) beser dakika siireyle sulanmistir. Tohumlardan elde edilen
ana¢ ve kalem fideleri 2-3 yaprakli asamaya geldiginde “Tiip ast yontemi” kullanilarak asilanmaistir.
Kontrol uygulamasi fidelerinde ise asilama yapilmamaistir. Asilama isleminden sonra domates fideleri,
cam serada gece 21°C, giindiiz 25 °C sicaklik ve %85 oransal nem iceren ortamda 10 giin siire ile
bekletilmistir.

Calismada, organik domates yetistiriciligi i¢in yonetmeliklere uygun arazide dikim yerleri hazirlanmaistir.
Dikim oncesinde deneme alanini temsil edecek sekilde farkli noktalardan 0-30 cm derinlikten toprak
ornekleri alinmistir. Deneme alanma ait toprak orneklerinde tekstiir analizleri; pH (8.0), elektriksel
iletkenlik (0.25 dS m™), organik madde (%6.05), kire¢ (%4.43), azot (%.24), yarayish fosfor (11.4 ppm) ve
potasyum (1.10 me 100 g) degerleri Kacar ve Inal (2008)’e gore belirlenmistir.

Dikim yeri olarak 20 cm yiiksekliginde 1m eninde hazirlanan masuralara 2 kg m= yanmis hayvan giibresi
ilave edilmistir. Hazirlanan dikim yerlerine (masura) ¢ift sira dikime uygun olacak sekilde, 25 cm’de bir
damlatic1 aralig1 olan damlama sulama borular: yerlestirilmistir. Sulama, yetistirme periyodu boyunca
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toprak nemine gore sulama yapabilen sistemle gergeklestirilmistir. Daha sonra dikim yerlerinin iizerine
zemin malg ¢ekilmistir. Hazirlanan masuralara Kudret Fi, Hamarat F1 ve Pence F1 anaglarina agilanmis SC-
2121 fideleri ve asisiz SC-2121 domates fideleri 24.05.2022 tarihinde dikilmistir. Calisma tesadiif bloklar1
deneme desenine uygun olarak 3 tekerriirlii ve her tekerriirde 9 bitki olacak sekilde kurulmustur. Domates
fideleri sira arasi x sira {izeri 50x50 cm olacak sekilde dikilmis ve dikimden itibaren ilave giibreleme
yapilmamustir.

Bitkilerde ilk meyve tutum doéneminde sokiim islemi sonrasinda kok, govde ve yapraklar olmak iizere
kisimlarma ayrilmiglardir. Bitkilerde gévde boyu (cm), toprak seviyesinin 1 cm iizerinden olacak sekilde
govde cap1 (mm) ve yaprak sayisi Sl¢iimleri yapilmistir (Ugan ve Ugur, 2021). Ayrica, yaprak klorofil igerigi
CCI (Chlorophyll Content Index) klorofil metre (CCM-200, Opti-Sciences, Hudson, USA) kullanilarak
gelisimini tamamlamus {i¢ yaprakta ikiser kez 6l¢iilerek ortalamas: alinarak belirlenmistir. Yaprak alani ise
domates fidelerinde ve bitkilerinde tiim yapraklarda dogrusal Olciimlerle yaprak alami tahmin modeli
kullanilarak belirlenmistir (Beyhan vd., 2008).

Bitkilerden ayrilan yapraklar, kok ve govde ayr1 ayri kese kagitlarina yerlestirilerek 65 °C sicakliktaki etiive
yerlestirilmistir. Kurutma islemi en az 48 saat siireyle yapilmistir. Bu zaman siiresinde kurumasin
tamamlamamis Orneklerde agirlik degisim metodu uygulanarak kurutma isleminin tamamlanip
tamamlanmadigina karar verilmistir. Orneklerin tam olarak kurudugu anlagilinca yapraklar, kok ve
govdenin kuru agirliklar: 0.01 g’a duyarli terazi ile tartildiktan sonra kuru yakma islemi igin 6giitiilmiistiir.
Ogiitiilen rneklerden 0.5 g tartilarak kiil firininda 4-8 saat 550 °C’ de kuru yakma islemi yapildiktan sonra
elde edilen kiil hidroklorik asitte ¢oziilmiistiir. Bitki 6rneklerinin azot (N) icerigi Kjehldahl yontemine gére,
fosfor (P) igerikleri elde edilen ¢ozeltilerde vanado-molibdofosforik asit yontemine gore spektrofotometrik
olarak ve potasyum (K) icerigi elde edilen ¢ozeltilerde atomik absorbsiyon spektrofotometresi kullarularak
belirlenmistir (Jones, 2001).

Bitkilerde nispi biiylime hizi analizleri Uzun (1996)'ya gore yapilmistir. Bu biiyiime parametreleri ve

hesaplama modelleri Cizelge 1. de verilmistir.

Cizelge 1. Bitki biiylime parametreleri ve hesaplama modelleri.
Table 1. Plant growth parameters and calculation models.

Parametreler Hesaplama Modelleri

Oransal Yaprak Alani (YAO) Toplam Yaprak Alani (cm?) / Toplam Bitki Kuru Agirhigi (g)

Net Asimilasyon Orani1 (NAO) (1 YA * dA dt? (gem?gin®) [W2(g)- W1(g)/A2(cm?)- ALl(cm?)]/(t2-t1) (g cm?giin™)
Nispi Biiytime Hizi (NBH) Net Asimilasyon Orani (NAO) x Oransal Yaprak Alan1 (YAO) (g ggiin®)

YAO: Oransal yaprak alani;; NAO: Net asimilasyon orani; NBH: Nispi biiyiime hizi, A: agirlik, t: giin.

Domates bitkilerinin kok anatomilerinin incelenmesi ve koklenme diizeylerinin ayrintih olarak
belirlenmesinde WinRhizo kok analiz programi (Regent Instrument Inc. Canada) kullanilmistir. Dikimden
sonra 31. giiniin sonunda alinan bitki kokleri, dikkatli bir sekilde yikanarak kagit havlu ile kurutulmustur.
Kok kismi, cihazin scanner (tarayici) kismina konularak {i¢ boyutlu olarak bilgisayar ortamina
aktarilmistir. WinRhizo programu ile yapilan kok taramasi sonucunda kék mimarilerini ayrintili olarak
ortaya koyan kok izdiisiim alan1 (cm?) incelenmistir. Tarama ile ii¢ boyutlu olarak incelenen tiim koklerin
izdlisim alanlar1 6l¢tilmiistiir.

Bitkilerdeki kok, govde ve yaprak kuru agirliklar1 ve bunlarin oranlari, yaprak alani, 6zgiil yaprak alani,
oransal yaprak alani, yaprak kalinlig1, net asimilasyon orani ve oransal biiyiime hizi analizleri Uzun’a
(1996) gore yapilmustir.

Calisma sonucunda elde edilen verilerin degerlendirilmesinde SPSS 17.0 istatistik analiz programi
kullanilmistir. Elde edilen ortalamalar arasindaki farklar Duncan ¢oklu karsilastirma testiyle (P<0.05)
belirlenmistir.
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BULGULAR VE TARTISMA

Domatesin, farkli anaglar iizerine asilanmasinin ve asisiz olarak yetistirilmesinin gévde cap1 ve bitki boyu
tizerine etkisini inceledigimizde (Cizelge 2) en yiiksek govde cap1 (12.3 mm) ve bitki boyu (35 cm)
degerlerinin Pence F1 anaci iizerine asilanan domateslerden elde edildigi belirlenmistir. Penge F1 anaci
tizerine asilanan SC-2121 domates ¢esidinin, asisiz olarak yetistirilmesinden elde edilen gévde ¢api ve bitki
boyu degerlerinin ise benzerlik gosterdigi tespit edilmistir (p<0.01). Bitki kuru maddesinin 6ncelikle kok
ve govde gibi organlarda birikmesi, bitkinin ¢ogunlukla vegetatif olarak biiyiimesi sonucudur. Bu
durumda bitki govde ¢ap1 ve boyunda artis gozlemlenir (Uzun, 1996). Yiiriitiilen bir calismada domates
anaglari {izerine agilanan patlicanda vejetatif gelisme ve biiylimenin asisiz bitkilere oranla daha yiiksek
oldugu belirlenmistir (Passam vd., 2005). Hiyar da asili ve asisiz fidelerle yapilan {iretimin gelisme, verim
ve kalite iizerine etkilerinin incelendigi bir ¢alismada, 25. ve 50. giinlerde yapilan 6l¢iimlerde gévde capy,
bitki boyu ve yaprak sayisinin kontrole oranla daha fazla oldugu belirlenmistir (Yarsi vd., 2008). Bizim
calismamizda govde caps, bitki boyu ve yaprak sayis: degerlerinin; asili ve agisiz domates bitkilerine goére
farklillk gostermesi asili bitkilerin performansi ile beraber baslangictaki kok gelisimlerinin fazla
olmasindan kaynaklandig1 diisiiniilmektedir. Bu diisiince, farkli arastirmacilarin asili bitkilerin
performansi anag¢-kalem uyusmasina, ¢evre kosullarina ve iiretim metoduna baghdir diisiincesi ile
benzerlik gostermektedir (Cohen vd., 2005; Ertok ve Padem, 2007). Domates bitkisinde bitki boyu ve govde
capinin diisiik olmast ya da govde capmin diisiik, bitki boyunun ¢ok yiiksek olmasi verimi azalttig1
bildirilmektedir (Ozer, 2012). Bizim ¢alismamizda kontrol uygulamasiin bazi anaglara gore verim ve
kalite degerlerinin {istiin olabilecegini gostermektedir.

Cizelge 2. Fakli anaglar iizerine asilanan domates bitkilerinin gévde gaps, bitki boyu, yaprak sayisi, yaprak klorofil
igerigi, nispi biiyiime hiz1 ve kok izdiistimii tizerine etkileri.

Table 1. The effects of tomato grafted on different rootstocks on stem diameter, plant height, leaf number, leaf chlorophyll content,
relative growth rate and root proje area of tomato plants.

Govde Bitki Boyu Yaprak Yaprak Klorofil Nispi Biiyiime Kok Izdiisiim
Capi1 (mm) (cm) Sayisi Icerigi (CCI) Hiz1 (9 cm?giin )  alam (cm?)
Kudret F1 95D 27 ab 10 a* 35b 0.035 ab 1.075 ab
Hamarat F1 9.1b 20b 7.3b 50 a* 0.037 a** 322¢
Penge F1 12.3 a** 35 a* 9.0ab 38b 0.033b 1.405a
Kontrol 105ab 34a 9.7 ab 36D 0.033b 984 b

**p <001, *p<005

Asilamanin yaprak klorofil icerigine etkisini inceledigimizde en yiiksek klorofil igeriginin 50 CCI ile
Hamarat F1 anacindan elde edildigi tespit edilmistir. Bu durum Hamarat F1 {izerine asilanan bitkilerin
digerlerine oranla daha yavas bitki gelisimi gostermeleri ve buna bagl olarak ta daha koyu yaprak rengine
sahip olmalarindan kaynaklanmistir. Ancak, diger anaglar iizerine asilan bitkiler ile asisiz domates bitkileri
arasinda 6nemli bir benzerlik tespit edilmistir (p<0.05). Bizim ¢alismamizla benzer sonuglarin elde edildigi
bir ¢alismada, tiitiin anaci iizerine asilanan domateslerle asisizlar arasinda klorofil igerigi bakimimdan
onemli farklar tespit edilemedigi bildirilmistir (Haberal vd., 2016).

Biiyiime, bir bitkinin birim biiytiikliigiindeki kuru madde artis1 veya bitki kisimlarinin sayisal olarak
artmasi seklinde tarif edilmektedir. Bitkilerde, biiyiime artis1 sicaklik ve zamana bagh olarak katlanan bir
sekilde geometrik olarak ortaya ¢ikar. Bitki biiylimesi (nispi biiyitime hiz1), erken déneminde hizli olurken
daha sonraki donemlerde genellikle azalir (Hadley vd., 1983; Charles-Edwards vd, 1986, Uzun, 1997).
Bitkilerde biiylime ve verim artis1 vejatatif ve generatif aksam arasindaki dengeye baghdir. Bitkinin
gogunlukla vejatatif olarak biiyiimesi sonucu kuru madde oncelikle kok ve govde gibi organlarda birikir.
Bazen de kuvvetli kok gelisimi baglangicta diger organlara gelisiminde yavaglanmaya sebep
olabilmektedir (Uzun, 1996; Uzun vd., 1998; Kandemir vd., 2009; Ozer ve Uzun, 2013). Bizim ¢alismamizda
da en yiiksek (0.037 g cm2 giin'!) nispi biiyiime hiz1 6l¢iilen ¢alismada en diisiik kok iz diisiimii alan1 (322
cm?) elde edilmistir. Bizim calismamizda kok iz diisiim alanlarinda anaglar arasinda farklilik tespit
edilmistir. Ozellikle agisiz bitkilerde kok gelisiminin yiiksek olmasi toprak yapismin masura yapilarak
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organik madde miktarinin arttirilmasindan kaynaklandig: diisiiniilmektedir. Ancak bizim ¢alismamizdan
farkli olarak, sikistirilmis ve sikistirilmamis topraklardaki asili ve asisiz domateslerde sekilde toprak
tipinin veya sikistirma isleminin kok izdiistimii alanma etkisi istatistiki olarak ©nemsiz oldugu
belirlenmistir (Tracy vd., 2012). Yarsi vd., (2008) ytiriittiikleri calismada asilamanin dikimden sonra 25. ve
50. giinlerde hiyar bitkisinde kok gelisimini asisizlara gore 6nemli oranda artirdig1 bildirilmistir. Bizim
calismamizda da en yiiksek kok izdiisiim alanimnin 1405 cm? ile Pence Fi anacinda Olgiilmesi yapilan
calismalar: destekler niteliktedir. Diger yandan Hamarat F1anacina asili bitkilerin en diisiik kok iz diistimii
alani (322 cm?) vermis olmasi, topraksiz tarim uygulamalarinda yetistirme ortami tasarrufu agisindan
Onemli olabilir.

Asilama uygulamasimin N, P ve K icerikleri {izerine etkisine bakildiginda, farkli anaclar {izerine asilanan
domates bitkilerinin asisiz kontrol ¢esidine gore istatistiksel olarak 6nemli bulundugu tespit edilmistir.
Azot igerigi bakimindan sirasiyla Penge F1 (%3.10) ve Hamarat F1(%3.03) anaglarinin en yiiksek oldugu
belirlenmistir. Fosfor igerigine bakildiginda ise Penge F1 (%0,44) anacinin diger anaglara ve kontrol ¢esidine
kiyasla istatistiksel olarak onemli oldugu tespit edilmistir (p <0.01). Potasyum igerigi bakimindan Hamarat
F1 (%2,67) anac1 one cikarken organik madde igerigi bakimindan ise asili ve asisiz olarak yetistirilen
domates bitkilerinde ortalamalar arasinda fark istatistiksel olarak onemli bulunmamistir (Cizelge 3).
Calismamizda farkli anag ve kalem kombinasyonlar1 arasinda goriilen bitki besin elementi farkliliklar: anag
ve kalemin ayr1 ayr fiziksel ve fizyolojik karakterlerinden kaynaklandig: diistintilmektedir. Nitekim
anaglarin, bitkinin toprak iistii kisimlarindaki mineral igerigi tizerindeki etkisi, su ve mineral aliminin
artmasiyla sonuglanan kok sisteminin yanal ve dikey gelisim gibi fiziksel 6zelliklerinden kaynaklandig:
bilinmektedir (Martinez-Ballesta vd., 2010).

Cizelge 3. Ogﬁtﬁlen asil1 ve asisiz domates bitkilerinin organik madde (%OM), azot(%N), fosfor(%P) ve potasyum(%XK)
icerikleri.

Table 1. Organic matter (OM%), nitrogen (N%), phosphorus (P%) and potassium (K%) contents of grafted and ungrafted tomato
plants.

% OM %N %P %K
Penge F1 79,98 3,10 a* 0,44 a** 2,60 ab
Hamarat F1 79,03 3,03a 0,38 ab 2,67 a*
Kudret F1 80,21 2,42 ab 0,29 b 2,45 ab
Kontrol 82,06 1,90 b 0,27 b 2,18 b

*p <0.01; *p<0.05

Asilama, bitkilerde minerallerin yayilmasini ve emilimini oldukga etkilemektedir (Ertok ve Padem, 2007).
Yarsi ve Sar1 (2006) yaptiklar: bir calismada asili ve asisiz ortiialti kavun yetistiriciliginde bitki besin alimi
yoniinden asili bitkilerin daha fazla makro ve mikro element igerdigini tespit etmislerdir. Bizim
calismamizda da asili bitkilerin azot, fosfor, potasyum bakimindan kontrol bitkisine goére daha yiiksek
olmasi yoniinden yapilan ¢alismalarla ortiismektedir.

SONUC

Serada SC-2121 domates yetistiriciliginde, asili fide kullaniminin bitki biiyiimesi ve gelismesine olumlu
katki sagladig: tespit edilmistir. Ayrica bazi anaclarin asisiz bitkilerden daha diisiik degerlere sahip olmasi
uygun anag sec¢iminin bu konuda 6n plana ¢ikmasini saglamistir. Asili domates yetistiriciliginde girdi
maliyetlerinde énemli bir unsurdur. Asili bitkilerle yapilan yetistiricilikte kuvvetli gelisen anaglarin bitki
besin elementleri kullanim etkinligi yiiksektir. Bununla birlikte asil1 fide kullanima ile birlikte asir1 giibre
tiiketimi 6zellikle kiigiik aile isletmelerinde girdi maliyetlerini artirmaktadir. Toprak kaynakl yetistiricilik
sorunlarmin goriilmedigi kiiciik aile isletmelerinde ve organik {iretim kosullarinda siirdiiriilebilirlik
agisindan agisiz fide kullarlabilir. Ozellikle ekim nébetine dikkat ederek topragi organik madde yéniinden
zenginlestirme uygulamalari ile asisiz fide tercih etmek karlilig1 artirabilir.
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CIKAR CATISMASI
Yazarlar ¢alisma konusunda herhangi bir ¢ikar ¢atismasi olmadigini beyan ederler.

YAZAR KATKISI

Calisma konusu ve denemelerin kurulmasi Olcay Sezen Asrin TEZCAN ve Aslihan CILINGIR TUTUNCU
tarafindan yapilmistir. Arazi calismalarinin yiiriitiilmesi ve verilerin alinmasi Olcay Sezen Asrin TEZCAN ve
Aslihan CILINGIR TUTUNCU tarafindan yapilmis, toprak analizlerinin ve bitki besin elementi
analizlerinin yapilmasi Abdurrahman AY tarafindan yiriitiilmiis, verilerin analizi, yorumlanmas: ve
makalenin yazimi Aslthan CILINGIR TUTUNCU ve Harun OZER tarafindan gerceklestirilmistir.
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Determination of Agromorphological and Biochemical Characteristics of Fruits of Plum Cultivars and
Genotypes According to Different Maturity Stages*
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Abstract: This study was conducted on five commercial plum cultivars are grown in Igdir province and five wild plum genotypes commonly found in
the province. The pomological properties, vitamin C, organic acids contents and phenolic compounds contents of plum fruits were determined. As for
the pomological properties, fruit weight was measured as 130.5 g in Autumn Giant cultivar, while fruit thickness was 56.4 mm, fruit length was 48.6
mm, and fruit width was 53.3 mm. The fruit stem length was 13.7 mm in Japanese cultivar. Among phytochemicals; in the highest titratable acidity was
detected in Angelino cultivar (2.1%), while the highest soluble solid content was determined in Green Plum (21.4%), the pH in Type 5 genotype (3.7),
vitamin C in Type 2 genotype (29.44 mg 100g™"); of organic acids, oxalic acid was determined to be the highest in Type 3 genotype (8.043 mg 100g™), citric
acid in Autumn Giant cultivar (27.142 mg 100g™), malic acid in Black Splendor cultivar (5.121 mg 100g"), succinic acid (5.541 mg 100g") and fumaric acid
(7.071 mg 100g™) was determined in Angelino cultivar. From phenolic compounds; gallic acid was determined to be the highest in Type 4 genotype
(2.078 mg 100g1), protocatechuic acid in Angelino cultivar (1.975 mg 100g™), catechin in Type 4 genotype (6.971 mg 100g), chlorogenic acid (20.027 mg
100g") and vanillic acid (0.589 mg 100g") in Autumn Giant cultivar, caffeic acid in Type 4 genotype (1.016 mg 100g™"), syringic acid in Type 4 genotype
(0.982 mg 100g™), p-coumaric acid in Angelino cultivar (1.712 mg 100g™"), ferulic acid in Type 5 genotype (1,647 mg 100g™"), o-coumaric acid in Angelino
cultivar (0.388 mg 100g ), rutin in Black Splendor cultivar (0.981 mg 100g™"). It has been observed that there is a great diversity among the plum genotypes.

Keywords: Plum, Ripening, Phenolic compounds, Pomology, Organic acids.

&

Oz: Bu calisma, Igdir'da yetistirilen bes ticari erik cesidi ve yaygin olan bes yabani erik genotipi iizerinde yiiriitiilm{istiir. Erik meyvelerinin pomolojik
ozellikleri, fenolik bilesik igerikleri, organik asit igerikleri ve C vitamini miktar1 tespit edilmistir. Pomolojik 6zellikler arasinda meyve agirligi, meyve
kalinligi, meyve boyu ve meyve genisligi Autumn Giant ¢esidinde sirastyla 130.5 g, 56.4 mm, 48.6 mm, 53.3 mm olarak daha yiiksek 6l¢iilmiisken, meyve
sap uzunlugu Japon ¢esidinde 13.7 mm olarak tespit edilmistir. Fitokimyasallardan; titre edilebilir asitlik Angelino ¢esidinde (% 2.1), suda ¢oztiniir kuru
madde igerigi Can Eriginde (%21.4), pH Tip 5 genotipinde (3.7), C vitamini Tip 2 genotipinde (29.44 mg 100g™); organik asitlerden okzalik asit Tip 3
genotipinde (8.043 mg 100g), sitrik asit Autumn Giant gesidinde (27.142 mg 100g™"), malik asit Black Splendor gesidinde (5.121 mg 100g™), siiksinik asit
(5.541 mg 100g™") ve fumarik asit (7.071 mg 100g™") Angelino ¢esidinde daha yiiksek belirlenmistir. Fenolik bilesiklerden; gallik asit (2.078 mg 100g™) Tip
4 genotipinde, protokatesuik asit (1.975 mg 100g™') Angelino ¢esidinde, katesin (6.971 mg 100g™) Tip 4 genotipinde, klorojenik asit (20.027 mg 100g™") ve
vanilik asit (0.589 mg 100g"') Autumn Giant ¢esidinde, kafeik asit (1.016 mg 100g") ve siringik asit (0.982 mg 100g?) Tip 4 genotipinde, p-kumarik asit
(1.712 mg 100g™) Angelino gesidinde, ferulik asit (1.647 mg 100g") Tip 5 genotipinde, o- kumarik asit (0.388 mg 100g") Angelino ¢esidinde ve rutin (0.981
mg 100g™) Black Splendor ¢esidinde daha yiiksek 6lgiilmiistiir. Erik genotipleri arasinda biiytik bir gesitliligin oldugu goriilmustiir.

Anahtar Kelimeler: Erik, Olgunluk, Fenolik bilesik, Pomoloji, Organik asit.

Cite as: Catak, E., Geger, M. K. & Aslantas, R. (2022). Determination of Agromorphological and Biochemical Characteristics of Fruits of Plum Cultivars
and Genotypes According to Different Maturity Stages. International Journal of Agriculture and Wildlife Science, 8(3), 430-439. DOIL
10.24180/ijaws.1177811

Plagiarism/Ethic: This article has been reviewed by at least two referees and it has been confirmed that it is plagiarism-free and complies with research
and publication ethics. https://dergipark.org.tr/tr/pub/ijaws

Copyright © Published by Bolu Abant Izzet Baysal University, Since 2015 — Bolu

! Esengiil CATAK, Igdir University, Department of Horticulture, esen.catak@hotmail.com

2 Assoc. Prof. Dr. Mustafa Kenan GECER, Bolu Abant zzet Baysal University, Department of Seed Science and Tecnology, mkenangecer@hotmail.com
(Corresponding author)

3 Prof. Dr. Rafet ASLANTAS, Eskisehir Osmangazi University, Department of Horticulture, aslantas@ogu.edu.tr

* This study was taken from the first author’s master’s thesis.

*This work is licensed under a Creative Commons Attribution 4.0 International License


mailto:mkenangecer@hotmail.com
https://orcid.org/0000-0002-9453-4067
https://orcid.org/0000-0003-1959-9909
https://orcid.org/0000-0002-1368-5673

Determination of Agromorphological and Biochemical Characteristics of Fruits of Plum Cultivars and Genotypes According to Different
Maturity Stages

INTRODUCTION

Undoubtedly, the plum is one of the temperate climate fruit species with the widest genetic base (Aslantas,
2017). Due to this feature, it is one of the fruits that spread to a wide area in Turkey as well as and in the
world today. In addition to a large number of species, the fact that they originate from regions with
different climates played an important role in the spread of plum over such a wide area, and thus it is a
fruit that can be seen on the market stalls for a long time (Ozvardar and Onal, 1990; Durmus and Yigit,
2003; Ozgaglran etal., 2011).

Plum fruit is rich in many minerals and vitamins which are necessary for a healthy life. In addition, plums
contain high amounts of potassium, phosphorus, calcium and magnesium. Plum consumption is
recommended for arterial hypertension patients due to its high potassium content and useful
sodium/potassium ratio (Lucas et al., 2004). Plum, which has high nutritional properties and low calorie
content; contains carbohydrates such as fructose, sucrose, and glucose, which determine the nutritional
value and taste; organic acids such as malic acid and citric acid; aromatic components, vitamins, high fiber
content, carotenoids, anthocyanins, flavonoids and phenolic substances (Ertekin et al., 2006). Plum is rich
in bioactive compounds such as vitamins A, C and E, anthocyanins and other phenolic compounds and is
a good source of natural antioxidants (Rupasinghe et al., 2006). Public health studies have shown that the
consumption of fruits and vegetables is effective in preventing diseases due to the phenolic compounds
they contain. The most effective way to take these disease-preventing factors is to increase the consumption
of fruits and vegetables rich in antioxidants (Hashim et al., 2005). Increased consumption of fruits and
vegetables has been associated with a decrease in the incidence of degenerative diseases, thanks to the high
antioxidant capacity of these phytonutrients (Schreiner and Huyskens-Keil, 2006).

Due to the high genetic diversity, the production and consumption of plums is increasing both in Turkey
and around the world due to the long harvest season, delicious flavor, high nutritional value, and ease of
cultural processes (Karamiirsel, 2011).

Fruits have an important place in the daily diet and their effects on human health have been known since
ancient times. Fruits, which are important for human health and nutrition, have very important
phytochemical components. The amounts of these phytochemicals vary according to the type of fruit,
variety, maturity status, growing technique, and ecological conditions (Stiliisoglu et al., 2014; Aslantas,
2017). Many studies have demonstrated the protective roles of phenolic compounds against coronary heart
disease, stroke and some forms of cancer. These protective effects of phenolic compounds are due to their
antiradical activities in cells (Parr and Bolwell, 2000).

It has been reported that, in general, the relationship between the antioxidant substance content in the fruit
and the phenolic substance content is very important (Cevallos-Casals, 2002). Anthocyanins in fruits are
the most important type of polyphenols, and they are one of the phenolic compounds responsible for the
color of fruits. The concentration and composition of anthocyanins are important for the sensory quality of
fruits and products, in addition to their possible health benefits. Phenolic substances are effective in the
formation of flavor in fruits, especially in the feeling of a bitter taste in the mouth. Anthocyanins are
phenolic compounds and cause the unique colors of vegetables and fruits. In addition, the catalyzing effects
of polyphenoloxidase enzymes can cause browning of products obtained from fruits and vegetables in
reactions. Phenolic compounds, which have an important effect in the fruit juice processing industry, are
also effective in the clouding of and in the formation of sediment in such beverages as fruit juices and wine
(Cemeroglu et al., 2004).

In this study, five commercial plum cultivars grown in Igdir province and five wild plum genotypes
commonly found in the province were considered. The phenolic compounds and organic acid contents of
the fruits taken from the plum genotypes in the raw and ripe period, as well as some fruit characteristics,
were determined in the study.
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MATERIAL AND METHOD

In the study, five different plum cultivars (Autumn Giant, Angelino, Black Splendor, Japanese Plum and
Green Plum) and five different wild plum genotypes common grown in Igdir province were used as
material. The study was carried out in 2018. The fruits of the cultivars and genotypes picked from the
producer orchards in the central and central district villages of I§dir were collected both in the unriped and
riped periods.

Morphological Properties

30 fruits from each tree were picked and their weight weighed on a 0.01 g sensitive scale. Using a 0.01 mm
precision digital caliper; the fruit thickness (mm) of the collected fruit samples were measured. The fruit
length (mm) was determined by measuring the part between the fruit stalk and flower pit, while the fruit
width (mm) was determined by measuring the distance between the two cheeks. The average fruit stem
length (mm) was determined by measuring the distance between the part where the fruit stalk connects to
the fruit and the part breaking off from the branch. Five randomly selected fruits were crushed and juiced,
and the amount of soluble solid content (SSC) was determined as % with the help of a digital refractometer
(Model HI-96801 Hanna, German). The pH of the juice was measured by keeping the electrode type of the
pH meter (Hanna-HI98103) in the juice, and recording the value displayed on the screen when it became
stable. Titratable acidity was determined by the titration method as suggested by Kili¢ et al. (1991) and
given as %.

Phenolic Compounds Analysis

Gallic acid, protocatechuic acid, catechin, chlorogenic acid, caffeic acid, p-coumaric acid, ferulic acid, o-
coumaric acid, vanillic, rutin and syringic acid were the phenolic compounds determined in the study. In
the analysis of phenolic compounds by HPLC, the method suggested by Rodriguez-Delgado et al. (2001)
was adapted and used. The samples taken were diluted with distilled water at a ratio of 1:1 and centrifuged
at 15000 rpm for 15 minutes. Then, the upper part was filtered with 0.45 um millipore filters and injected
into HPLC. Chromatographic separation was performed on Agilent 1100 (Agilent) HPLC system using
DAD detector (Agilent. USA) and 250%4.6 mm, 4um ODS column (HiChrom, USA). Separation was carried
out at 254 and 280 nm using Solvent A Methanol-acetic acid-water (10:2:88) and Solvent B Methanol-acetic
acid-water (90:2:8) as mobile phases, and the flow rate was determined as ImL min.? while the injection
volume was determined as 20 pL.

Organic Acids Analysis

The fruit samples were kept in deep freezer (-20°C) until analysis. Succinic acid, oxalic acid, citric acid,
malic acid, fumaric acid and ascorbic acid (vitamin C) were the organic acids determined in the study. The
method given by Bevilacqua and Califano (1989) was modified and used for the extraction of organic acids.
5 g of fruit samples were taken and placed in centrifuge tubes. These samples were homogenized by adding
20 ml of 0.009 N H250s (Heidolph Silent Crusher M, Germany). Then it was mixed for 1 hour on a mixer
(Heidolph Unimax 1010, Germany) and centrifuged at 15,000 rpm for 15 minutes. The aqueous fraction
separated in the centrifuge was first passed through coarse filter paper, then twice through a 0.45 pum
membrane filter (Millipore Millex-HV Hydrophilic PVDEF, Millipore, USA) and finally through the SEP-
PAK Cis cartridge. Organic acids were analyzed in an HPLC instrument (Agilent HPLC 1100 series G 1322
A, Germany) performing the method recommended by Bevilacqua and Califano (1989). In the HPLC
system, Aminex HPX - 87 H, 300 mm x 7.8 mm column (Bio-RadLaboratories, Richmond, CA, USA) was
used and the device was managed with a computer with Agilent package program. The DAD detector
(Agilent. USA) in the system was tuned to 214 and 280 nm wavelengths. In the study, 0.009 N H2504 passed
through a 0.45 pm membrane filter was used as the mobile phase.

Vitamin C Analysis

For ascorbic analysis, 5 g of the fruit sample was taken and transferred to a test tube, and 5 ml of 2.5% M-
phosphoric acid solution was added. The mixture was centrifuged at 6500 x g for 10 minutes at + 4 °C. 0.5
ml was taken from the clear part in the centrifuge tube and made up to 10 ml by adding 2.5% M-phosphoric
solution. This mixture was filtered through a 0.45 um Teflon filter and injected into the HPLC device. In
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HPLC analysis, vitamin C analysis was carried out on a Cis column (PhenomenexLuna Cis, 250 x 4.60 mm,
5 ). The column furnace temperature was set at 25°C. Ultrapure water with pH level adjusted to 2.2 with
H250s at a flow rate of 1 ml/min was used as the mobile phase in the system. Readings were carried out in
a DAD detector at a wavelength of 254 nm. L-ascorbic acid (Sigma A5960) prepared at different
concentrations (50, 100, 500, 1000, 2000 ppm) was used to identify and quantify the vitamin C peak
(Cemeroglu, 2007).

Evaluation of the Data

Descriptive statistics (X+Sx) for each feature studied are shown as mean and standard error. One-way
analysis of variance was used for each pomological trait studied. Tukey's multiple comparison test was
used to identify significant differences between genotypes. MINITAB 17 (Trial version) statistical software
was used in the analysis of the data.

RESULTS AND DISCUSSION

Morphological Properties

As can be seen from Table 1, the differences between the values reached in terms of pomological
characteristics were found to be statistically significant in fruit samples taken during the unripe and fully
ripe periods (p<0.05). Fruit weight increased with ripening in all genotypes and varied between 9.6 g (Type
2) and 130.5 g (Autumn Giant). The fruit size of plum cultivars grown in different ecologies may vary. It
was reported by Balik (2005) that the average fruit weight of Autumn Giant in Kahramanmaras ecology
was 70.95g. Fruit thickness also varied between cultivars and with ripening. Fruit thickness, fruit length
and fruit width were measured as 56.4, 48.6 and 53.3 mm, respectively, in the Autumn Giant cultivar. It
has been reported that Autumn Giant and T.C. Sun cultivars grown in Van ecology stand out in terms of
fruit length, fruit height, fruit weight and fruit thickness (Bostan, 1997). According to the results of a study
by Ertekin et al. (2006) carried out in Antalya province, the changes in fruit length and width are caused by
the difference in variety and ecology. Fruit stem length also varied between cultivars and genotypes. Yasar
et al., (2022) reported that fruit weight, fruit width, fruit height and fruit height between 56.69-80.31 g,
44.28-50.40 mm, 40.37-48.41 mm, 47.13-53.19 mm respectively in the 15 promising black plum genotypes
selected in Igdur.

Variations between fruit characteristics detected in plums may be due to differences in their genetic
structures. Because there may be differences in developmental physiology even if the formation physiology
is the same between genotypes. Cell division coefficient after fertilization and cell growth ability close to
harvest may be different. This situation may also be related to the growing conditions and fruit load of the
plant (Aslantas, 2017).

The amount of soluble solid content increased with ripening and was found to be higher especially in plum
cultivars. The soluble solid content varied between 5.5% and 21.4%. Although the pH of the juice differs
between the cultivars, it was measured between 2.5 and 3.6 (Table 2). The amount of titratable acid was
recorded between 0.7% and 2.1%. Giines (2003) determined that the titratable acid content of some plum
cultivars grown in Tokat differed between cultivars. In a study conducted in Isparta province, Subasi (2013)
determined that the content of soluble solid content differs between plum cultivars. Kuba (2015) explained
that the differences determined in the genotypes of plums grown naturally in the Van region may be due
to the variety and ecological characteristics.

Phenolic Compounds

In fruits belonging to plum genotypes, gallic acid content was found to be varying between 0.421 and 2.078
mg 100 g, while protocatechuic acid content was between 0.319 and 1.975 mg 100 g, catechin content
between 1.031 and 6.971 mg 100 g, chlorogenic acid content between 7.040 and 20.027 mg 100 g, and
vanillic acid content between 0.094 and 0.589 mg 100 g-'. The caffeic acid content was determined between
0.421 and 1.192 mg 100 g, syringic acid content between 0.269 and 0.982 mg 100 g, ferulic acid content
0.374 and 1.647 mg 100 g, while the p-coumaric acid content varied between 0.427 and 1.712 mg 100 g,

——
Uluslararas: Tarim ve Yaban Hayat: Bilimleri https://dergipark.org.tr/tr/pub/ijaws

433


https://dergipark.org.tr/tr/pub/ijaws

Esengiil CATAK, Mustafa Kenan GECER, Rafet ASLANTAS

the o-coumaric acid content between 0.068 and 0.388 mg 100 g-1, and the rutin content between 0.085 and
0.981 mg 100 g (Table 3).

Table 1. Fruit weight (g), fruit thickness (mm), fruit length (mm), fruit stem length (mm), and fruit width (mm) of plum
fruits

Cizelge 1. Erik meyvelerinin meyve agirligi (g), meyve kalinligr (mm), meyve boyu (mm), meyve sap uzunlugu (mm) ve meyve
genisligi (mm).

Cultivars and Genotypes  Fruit Weight  Fruit Thickness Fruit Length  Fruit Stem Length Fruit Width
Autumn Giant 31.5+1.581b 22.2+0.508d 22.0+0.771e 3.9 +0.376ef 20.4 +0.359¢
Angelino 22.3+0.410c 18.9 +0.198e 14.5+0.317g 45+0.272e 19.5+0.171c
Japanese 11.7 +0.801d 7.9 +0.430g 19.7 + 0.378f 1.1£0.179g 9.6 +0.407d
Green Plum 10.4 + 0.255d 10.6 + 0.241f 9.6 +0.356h 3.1+0.172f 9.9 +0.180d
E Black Splendor 57.3+1.990a 48.9+0.316a 42.8 +0.303a 12.8 +0.465a 43.9 +0.246a
% Type 1 8.7 +1.468d 23.9 +0.428¢ 27.3 +0.206¢ 13.2 £0.590a 24.9 +0.889bc
Type 2 3.1+0.014e 0.7 +0.146i 2.2 +0.091i 9.6 +0.323b 2.6 +0.117ef
Type 3 10.9+0.734d 27.5+0.252b 24.6 +0.149d 6.6 +0.225¢ 26.5 +0.315b
Type 4 5.4 +0.208e 3.4+0.090h 9.9 +1.396h 7.6 £0.151c 3.6 £0.238e
Type 5 31.1+0.107b 23.5+0.101c 30.5 +0.265b 5.5+0.299d 23.4 +0.026bc
Autumn Giant 130.5 + 1.648a 56.4 +3.710a 48.6 +£1.949a 11.2+0.498¢ 53.3 +2.848a
Angelino 44.8 +0.222b 38.5 +3.101bc 47.9 +18.448a 2.9+0.020g 38.5+3.222b
Japanese 39.3+1.116c 37.7 +£0.950bcd 47.1+0.476a 13.7 +0.402a 39.7 £0.393b
Green Plum 26.4 +2.452e 35.2 +1.020cde 30.1 +0.810ab 12.8 +0.510b 33.5+0.414bc
= Black Splendor 18.9 + 6.494f 31.3+2.512de 28.4 +2.441ab 13.7+1.702a 32.7 +1.506bc
~ Type 1 37.4 +10.044c 42.5+7.493b 38.2+6.320ab 8.8 +1.086e 40.1+7.210b
Type 2 9.6 £2.342¢g 24.6 +1.954f 23.7 +1.402b 10.1 +0.258cd 23.5+2.233d
Type 3 17.9 +2.990f 29.6 + 0.358ef 23.8+3.017b 9.5+0.347d 27.7 £ 0.578cd
Type 4 28.5+0.619% 31.2+3.438de 31.2 +3.969ab 11.7 +1.477c 27.3 +4.588cd
Type 5 31.1+0.686d 23.6 = 0.042f 30.1+0.033ab 6.2 +0.065f 23.7 +£0.215d

*: The difference between the averages shown with different letters in the same column is significant at the 0.05 level.

The most important reason for the increase in studies on phenolic compounds in recent years is that they
have a high level of protective properties against diseases that cause oxidative damage, such as heart
disease, stroke, and cancer (Beccaro et al., 2006). It is known that phenolic compounds strongly affect fruit
quality and contribute to both sensory properties and nutritional values. In a study conducted in Ecuador
on different fruit species from the Rosaceae family and in plum fruits, some phenolic compounds and their
derivatives were determined in different amounts (Vasco et al., 2009).

Organic Acids

Oxalic acid, citric acid, malic acid, succinic acid, fumaric acid and vitamin C contents were determined in
the fruits of the plum genotypes examined in this study, and the results are presented in Table 4. Organic
acids in fruits also affect different physiological changes, especially taste formation. When the data were
examined, statistically significant differences were found between cultivars and genotypes in terms of
organic acid content (p<0.05). Among the determined organic acids, citric acid was the highest and
dominant organic acid, varying between 5.132 mg 100 g! and 27.142 mg 100 g in the fruits of all genotypes.
Among other organic acids, oxalic acid was detected between 3.260 and 8.043 mg 100 g, malic acid
between 1.135 and 5.121 mg 100 g, succinic acid between 0.690 and 5.541 mg 100 g, and fumaric acid
between 0.213 and 7.071 mg 100 g'. In addition, vitamin C content varied between 11.078 and 29.442 mg
per 100 g and higher values were determined in fully ripe plum fruits.
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Table 2. Soluble solid content (%), pH and titratable acidity contents (%) of plum fruits.
Cizelge 2. Erik meyvelerinin suda ¢oziiniir kuru madde (%), pH ve titre edilir asitlik (%) icerikleri.

Cultivars and Genotypes SSC pH TA
Autumn Giant 8.9 +0.058b 3.1+0.046bc 1.8 +0.066a
Angelino 8.2 +0.458cd 3.2 +0.078bc 2.1+0.038a
Japanese 9.1 +£0.696ab 3.2+0.082bc2 1.5+0.189b
Green Plum 8.1+0.839cd 3.6 +0.080a 0.9 +£0.052¢
E Black Splendor 7.4 +0.088d 3.3+0.147b 2.0 +£0.070a
% Type 1 9.6 +0.581a 3.1+0.043bc 1.5+0.052b
Type 2 9.6 +0.692a 3.1+0.032bc 1.4+0.042b
Type 3 5.5+0.058e 2.9 +0.084c 1.3 +0.068b
Type 4 7.0+0.115d 3.1+0.096bc 0.9 +0.064c
Type 5 8.5+0.865¢ 3.7 +£0.095a 1.0 £0.075¢
Autumn Giant 13.5 +1.539bc 3.1+0.048bc 1.1 £0.064c
Angelino 14.8 + 0.370bc 2.5+0.168de 1.1+0.050c
Japanese 11.5 +1.328cd 2.8 £0.106cde 1.2 +0.078bc
Green Plum 21.4+2312a 3.2+0.124ab 0.8 £0.063cd
i Black Splendor 11.8 +2.126cd 2.7 +0.133ef 1.3+£0.168b
R Type 1 8.3+£0.935d 2.9 +0.098bcd 1.7+0.192a
Type 2 11.4 +1.015cd 2.9 +0.205bcd 1.4+0.310ab
Type 3 8.1+2.780d 3.5+0.145a 1.1+0.032c
Type 4 15.9 +1.220b 3.0+ 0.063bc 0.8 +0.219cd
Type 5 12.0+2.121c 3.2+ 0.090bc 0.7 £0.052e

*: The difference between the averages shown with different letters in the same column is significant at the 0.05 level.

The findings of this study are mostly in line with other research pointing out the richness of fruits in terms
of organic acids. Differences in studies may be related to the species, cultivars, practices, environmental
conditions, and genetic factors examined (Giindogdu and Yilmaz, 2012). During the ripening of the fruit,
citric acid tends to decrease, while malic acid tends to be irregular and vitamin C tends to increase (Ornelas-
Paz et al., 2013).

Organic acids and sugars are the main factors affecting the sensory properties of fruits. The organic acid-
sugar ratio is also an important criterion that characterizes fruit flavor. Organic acids in the fruit are
effective in taste and aroma, not only in fresh consumption, but also in processed products. Organic acids
show antioxidant properties, which is a factor that explains their widespread use for pharmacological
purposes. Organic acid content, which has a decisive influence on fruit flavor, varies by genotype and
variety (Ikegaya et al., 2019).

The plum cultivars examined in this study are commercial cultivars that are widely grown in Turkey, both
for fresh consumption and in the food industry. Igdir province has a great potential in terms of fruit
growing due to its microclimatic conditions. However, plum cultivation has not been given enough
attention in the province. This study, it was aimed to determine the fruit and yield characteristics of five
plum cultivars grown in Igdir province, as well as the organic acids, vitamin C content and phenolic
compounds in the fruits. Examination of these parameters is important on plum cultivation and
determining fruit quality in I§dir ecology.

————
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Table 3. Phenolic compound contents of plum fruits (mg 100g™).
Cizelge 3. Erik meyvelerinin fenolik bilesik icerikleri (mg 100g™).

Cultivars and

Genotypes Gallic acid  Protocatechuic acid ~ Catechin Chlorogenic acid Vanillicacid  Caffeic acid
Autumn Giant  0.986+0.004e 1.340+0.036¢ 3.074+0.009¢ 20.027+0.473a 0.530+0.015a  0.691+0.004de
Angelino 0.712+0.007g 1.975+0.005a 1.319+0.003h 8.642+0.031f 0.125+0.002f  0.966+0.011b
Japanese 1.786+0.006b 0.421+0.005g 2.049+0.006e 11.382+0.272d 0.094+0.002g  0.473+0.014f
GreenPlum  0.561+0.004h 0.870+0.007e 4.131x0.011a 9.511+0.039% 0.096+0.003g  0.767+0.014cd
E Black Splendor  0.986+0.002e 0.949+0.002d 1.428+0.006g 11.208+0.082d 0.094+0.004g  0.718+0.007d
% Tip1 0.421+0.002i 0.319+0.008h 2.317+0.004d 13.340+0.118c 0.215+0.004d  0.816+0.006¢
Tip 2 1.324+0.005¢ 0.652+0.004f 1.982+0.007f 15.532+0.404b 0.308+0.007c ~ 0.481+0.009f
Tip 3 0.759+0.006f 0.459+0.004g 1.187+0.0071 13.289+0.022¢ 0.213+0.003d  0.620+0.002e
Tip 4 2.078+0.006a 1.384+0.005b 3.582+0.012b 7.487+0.064g 0.436+0.011b  1.192+0.082a
Tip 5 1.150+0.001d 0.860+0.004e 1.031+0.009j 9.667+0.211e 0.165+0.003e  0.525+0.011f
Autumn Giant  0.736+0.002f 1.088+0.007b 3.738+0.018¢ 18.451+0.120a 0.589+0.011a  0.474+0.014g
Angelino 0.650+0.001h 1.248+0.006a 1.564+0.009h 7.552+0.042f 0.136+0.003f  0.887+0.007b
Japanese 0.421+0.008; 0.406+0.005f 2.261+0.011e 10.300+0.020c 0.105+0.004g  0.433+0.007h
Green Plum 0.484:+0.0061 0.716+0.012¢ 5.443+0.008b 9.254+0.053e 0.173+0.004e  0.626+0.016e
& Black Splendor  0.858+0.007d 0.606:0.004d 1.848+0.007g 9.814+0.062d 0.107+0.004g  0.731+0.008d
= Tip 1 0.784+0.001e 0.416+0.006f 2.562+0.005d 10.377+0.019¢ 0.295+0.004d  0.822+0.012c
Tip 2 1.156+0.007b 0.580+0.009¢ 2.119+0.008f 12.786+0.431b 0.366+0.004c  0.421+0.011h
Tip 3 0.707+0.001g 0.417+0.006f 1.306+0.0051 9.392+0.159de 0.280+0.007d  0.525+0.013f
Tip 4 1.813+0.013a 1.066+0.014b 6.971+0.009a 7.040+0.030g 0.550+0.007b  1.016+0.013a
Tip 5 1.068+0.012¢ 0.628+0.004d 1.216+0.006j 7.843+0.023f 0.186+0.001e  0.519+0.010f
Cl(l;l:;\;atryspe:;d Syringic acid  p-Coumaricacid  Ferulicacid o-Coumaric acid Rutin
Autumn Giant  0.828+0.009b 0.644+0.011h 0.524+0.008e 0.152+0.007e 0.763+0.006a
Angelino 0.339+0.013¢g 1.712+0.006a 0.931+0.009b 0.388+0.007a 0.123+0.005h
Japanese 0.520+0.010e 0.773+0.010g 0.880+0.010c 0.217+0.006¢ 0.243+0.004e
Green Plum 0.722+0.008¢c 0.823+0.012f 0.853+0.012¢ 0.385+0.008a 0.085+0.0041
E Black Splendor  0.427+0.011f 1.566+0.010b 0.868+0.005¢ 0.117+0.003f 0.228+0.006e
% Tip 1 0.680+0.010d 0.578+0.0071 0.488+0.006f 0.124+0.005f 0.320+0.010d
Tip 2 0.736+0.017¢ 0.861+0.004e 0.866+0.011c 0.109+0.005f 0.474+0.007¢
Tip 3 0.327+0.007g 0.872+0.006e 0.726+0.008d 0.308+0.007b 0.143+0.003g
Tip 4 0.982+0.017a 1.320+0.013c 0.426+0.007g 0.192+0.004d 0.207+0.006f
Tip 5 0.430+0.014f 1.016+0.011d 1.647+0.014a 0.119+0.005¢ 0.665+0.007b
Autumn Giant ~ 0.7560.007a 0.613+0.012f 0.477+0.012f 0.106+0.005e 0.858+0.017¢
Angelino 0.289+0.008f 1.287+0.010a 0.913+0.010b 0.334+0.008a 0.468+0.012f
Japanese 0.463+0.009d 0.610+0.009f 0.652+0.006e 0.184+0.004c 0.315+0.013¢g
Green Plum 0.644+0.006b 0.759+0.008de 0.774+0.009d 0.328+0.006a 0.161+0.0061
K Black Splendor  0.376+0.006e 1.219+0.014b 0.811+0.008c 0.096+0.002ef 0.981+0.014a
p Tip 1 0.522+0.012c 0.427+0.009g 0.413+0.012g 0.086+0.007f 0.815+0.008d
Tip 2 0.631+0.013b 0.784+0.014d 0.780+0.008cd 0.068+0.005g 0.569+0.012e
Tip 3 0.269+0.010f 0.748+0.007e 0.636+0.015e 0.282+0.007b 0.192+0.004i
Tip 4 0.741+0.011a 1.209+0.008b 0.374+0.009h 0.147+0.005d 0.272+0.007h
Tip 5 0.380+0.009 0.969+0.008¢ 1.381+0.017a 0.085:0.005fg 0.926+0.013b

*: The difference between the averages shown with different letters in the same column is significant at the 0.05 level.
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Cizelge 4. Organic acid contents of plum fruits (mg 100g™).

Table 4. Erik meyvelerinin organik asit igerikleri (mg 100g).

Cultivars and

Genotypes Oxalic acid Citric acid Malic acid Succinic acid Fumaric acid Vitamin C
Autumn Giant 5.824+0.003de  27.142+0.018a 2.215+0.001e 1.198+0.001j 1.160+0.014h 15.324+0.142f
Angelino 5.278+0.160e 18.175+0.015e 3.860+0.008b 5.541+0.027a 7.071+0.016a 20.161+0.035b
Japanese 7.964+0.323ab  25.673+0.032b 3.804+0.051c 2.218+0.050d 1.932+0.009g 16.514+0.364e
Can Erik 4.477+0.246f 9.770+0.003h 1.372+0.011h 1.741+0.003g 5.511+0.029¢ 15.189+0.187f
E Black Splendor 6.371+0.352d 16.149+0.019f 5.121+0.008a 3.540+0.030b 6.277+0.174b 15.066+0.063f
% Tip1 4.159+0.004f 17.738+0.023e 2.128+0.011f 2.138+0.008e 2.223+0.052f 13.171+0.016g
Tip 2 6.122+0.022d 13.506+0.275¢g 2.232+0.006e 1.544+0.02%h 0.634+0.011i 23.286+0.186a
Tip 3 8.043+0.073a 7.134+0.001i 2.704+0.005d 2.408+0.007¢ 3.144+0.023e 19.138+0.017¢
Tip 4 7.334+0.004c 20.849+0.526¢ 1.752+0.003g 1.986+0.010f 0.577+0.003i 23.537+0.415a
Tip 5 7.399+0.090bc  20.174+0.024d 3.893+0.005b 1.325+0.0031 3.356+0.007d 17.213+0.161d
Autumn Giant 3.260+0.024g 24.856+0.032a 1.832+0.014g 0.690+0.006h 0.574+0.020h 21.488+0.073ab
Angelino 4.519+0.008b 13.012+0.011f 2.848+0.011d 1.324+0.014d 5.567+0.030a 24.171+0.035a
Japanese 5.174+0.041a  20.841+0.023b 3.133+0.006b 1.320+0.023d 0.942+0.006e  22.499+0.182ab
Can Erik 3.733+0.022e 8.138+0.018i 1.135+0.014i 1.395+0.004c 3.138+0.002b 19.340+0.218ab
= Black Splendor ~ 4.126+0.007d ~ 11.039+0.014h 3.414+0.018a 1.096+0.023g 1.459+0.012d  19.272+0.139ab
= Tip 1 3.542+0.030f 13.912+0.001e 1.980+0.001f 1.666+0.002b 0.831+0.026f 18.443+0.310ab
Tip 2 5.144+0.022a 11.476+0.018g 1.985+0.009f 1.187+0.000f 0.213+0.007j 29.442+0.109a
Tip 3 5.157+0.032a 5.132+0.011j 2.046+0.005¢ 1.959+0.005a 2.558+0.028c  11.078+11.078b
Tip 4 4.318+0.049¢ 15.586+0.020d 1.304+0.007h 1.402+0.015¢ 0.380+0.008i 25.396+0.155a
Tip 5 5.213+0.003a 16.252+0.042¢ 2.944+0.001c 1.228+0.011e 0.728+0.007g 23.478+0.238a

*: The difference between the averages shown with different letters in the same column is significant at the 0.05 level.

CONCLUSION

The consumption of plum is increasing both in Tiirkiye and in the world due to its rich nutritional elements
and health benefits. In addition to fresh consumption, plums are processed in the industry and used in
various ready-made foods, and as well demanded as a raw material in the jam, marmalade, compote, syrup
and molasses industry or are utilized by drying.

In the present study, the pomological properties in plums, including fruit weight, fruit width, fruit length,
and fruit stem length characteristics were investigated. The superiority of the pomological properties of the
fruit is one of the most important factors affecting the market value of the product. When all investigated
genotypes are compared, it is seen that the commercially-important cultivars are physically superior (more
attractive than) the local genotypes. pH, SSC, amount of titratable acidity are among the factors that affect
the fruit taste and eating quality of plum. It can be stated that plum is a species whose range is quite wide
in terms of consumer groups and preference situations.

Organic acids are effective in many physiological events such as taste formation in fruits and ripening. If
these acids, which are effective on taste, are at low levels, then the fruits become sweeter, and if they are
found at high levels, they become sour. When we compare the results we have obtained with the prior
studies, it is seen that we have obtained values close to those found in the literature.

As a result of this study, organic acid and phenolic contents of the fruit juices of the cultivars were
determined. It is thought that the difference between cultivars and genotypes, in terms of the results
achieved, are caused by factors such as genetic factors, climate, soil structure, cultural practices and annual
average precipitation.

————
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When the obtained data are evaluated, it is thought that the phytochemicals and pomological properties of
the plum fruit vary between cultivars and genotypes, and this will constitute an important resource for
breeding studies.
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Abstract: The study aimed to assess the fruit quality characteristics of some local pears grafted on BA29 quince clone rootstock in 2021 and 2022.
Pomological, chemical and sensory analyzes were carried out to evaluate fruit quality characteristics. All examined pomological properties were found
to be statistically significant. The fruit weight (195.47 g), fruit width (73.56 mm), fruit height (73.72 mm), fruit stalk thickness (3.94 mm) and fruit volume
(193.30 ml) of the ‘Karpuz’ pear were higher than the other cultivars. The highest fruit length (90.96 mm) and fruit stalk length (40.22 mm) in the ‘Esek’
pear; the highest flesh firmness (9.35 kg cm?) was determined in the ‘Harman’ pear. The total Soluble solid (TSS) content of the ‘Kara” and ‘Riza’ pears
was higher (16.83% and 16.50%) than the other cultivars. In the color of the fruit skin; the highest L* value was determined in ‘Gelin’, a* value in the
‘Harman’, b* and chroma values in the ‘Karpuz’ and hue angle in the ‘Riza’ cultivar. The highest L* value was in the ‘Harman’, a* value was in the
‘Kusak’, b¥, chroma and hue angle values were in the ‘Gelin’ pear in terms of fruit flesh color. While ‘Macar’, ‘"Harman’ and ‘Esek’ cultivars had the
highest juiciness value, ‘Macar” and ‘Kugak’ had the lowest taste and aroma. The highest taste and aroma values were in the ‘Kadin PArmak’ pear; the
best visual quality was determined in the ‘Esek’ cultivar. The highest titratable acid content was observed from the ‘Riza’ (0.60%). In the study, it was
found that the ‘Karpuz’ had higher pomological properties. In general, ‘Karpuz’, ‘Esek’, and “‘Gelin’ pears exhibited better quality performances in the
study. According to the results of the research, ‘Karpuz’, ‘Esek’ and ‘Gelin’ local cultivars can be recommended for more detailed evoluations. In addition,
the local cultivars used in the research can be used as genetic resources.

Keywords: Pear, Fruit quality, Local cultivars, Quince clonal rootstock

&

Oz: Aragtirmanin amaci, 2021 ve 2022 yillarinda BA29 ayva klon anaci iizerine agilanmis bazi yerel armutlarm meyve kalite Gzelliklerini
degerlendirmektir. Meyve kalite 6zelliklerinin degerlendirilmesi igin pomolojik, kimyasal ve duyusal incelemeler yapilmustir. incelenen tiim pomolojik
ozellikler istatistiksel olarak anlamli bulunmustur. ‘Karpuz’ armudunun meyve agirhg: (195.47 g), meyve eni (73.56 mm), meyve yiiksekligi (73.72 mm),
meyve sap1 kalinlig1 (3.94 mm) ve meyve hacminin (193.30 ml) diger cesitlerden daha yiiksek oldugu belirlenmistir. En yiiksek meyve boyu (90.96 mm),
meyve sap1 uzunlugu (40.22 mm) ‘Esek’ armudu; en yiiksek meyve eti sertligi (9.35 kg cm?) “‘Harman’ armudunda tespit edilmistir. ‘Kara” ve ‘Riza’
armudunun suda ¢oztiniir kuru madde igeriginin diger gesitlerden daha yiiksek (%16.83 ve %16.50) oldugu saptanmistir. Meyve kabugu renginde; en
yiiksek L* degerleri ‘Gelin’, a* degeri “Harman’, b* ve kroma degeri ‘Karpuz’, hue agis1 ise ‘Riza’ ¢esidinde saptanmigtir. Meyve et rengi bakimindan en
yiiksek L* degeri ‘Harman’, a* degeri ‘Kugak’, b*, kroma ve hue agis1 degerinin ‘Gelin’ armudunda oldugu belirlenmistir. ‘Macar’, ‘Harman’ ve ‘Esek’
gesitleri en yiiksek sululuk degerine sahip olurken ‘Macar’ ve ‘Kusak’ ¢esitlerinin en diisiik tat ve aromaya sahip oldugu saptanmistir. ‘Kadin Parmak’
armudunda en yiiksek tat ve aroma degerleri; ‘Esek’ cesidinde ise en yiiksek gorsel kalite belirlenmistir. En yiiksek titreedilebilir asit igerigi ‘Riza’
armudunda belirlenmistir (% 0.60). Aragtirmada ‘Karpuz’ ¢esidinin daha iyi pomolojik 6zelliklere sahip oldugu bulunmustur. Genel olarak, ¢alismada
‘Karpuz’, “Esek’ ve ‘Gelin” armutlarinin daha iyi kalite performanslar: sergiledigi belirlenmistir. Arastirma sonuglarina gore ‘Karpuz’, ‘Esek’ ve ‘Gelin’
gesitlerini daha ayrintili calismalar icin Onerebiliriz. Ayrica arastirmada kullanilan yerel gesitlerden genetik kaynak olarak yararlanilabilir.
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Quality Performance of Some Local Pear Cultivars on BA29 Rootstock under High Density Planting

INTRODUCTION

Pears are belong to the genus of Pyrus, subfamily Maloideae in the family of Rosaceae. Among the fruit
tree species, pear fruit is considered the oldest of the world’s fruit (Jackson, 2003; Pasquariello et al., 2013).
Pear (Pyrus communis L.) is the second most grown and consumed pome fruit worldwide (Ozcagiran et al.,
2005; Hancock and Labous, 2008). Pear is more resistant to drought and heat than apples but has less
resistance to cold. The nutritional quality of pear fruit is high as it consists of 15.46 g carbohydrates, 0.12 g
fats, 0.38 g proteins, 9.80 g sugars, 83.71% water, 4.20 mg ascorbic acid, 119 mg potassium, 11 mg
magnesium, 7 mg iron, and 0.10 mg zinc (Ozcagiran et al., 2005; USDA, 2011). Tiirkiye is an important pear
producing country that ranks 5th (2.3% production share) after China, Italy, USA and Argentina in world
pear production, which is 23.1 million tons (FAOSTAT, 2022). In Tiirkiye, which has very different
ecological conditions, pears can be grown in almost all regions and there are more than 600 local pear
varieties (Ercisli, 2004). Among these local cultivars, there are many local cultivars selected as a result of
breeding studies due to their different characteristics in terms of fruit quality and resistance to diseases and
pests. These selected cultivars' yield and quality performances should be evaluated in the same ecological
conditions in the common orchards outside their local area. For this purpose, evaluating cultivars on the
same rootstocks in the same field conditions reveals more objective results. To establish modern fruit
orchards, rootstocks that provide stunting is necessary (Oztﬁrk et al., 2013; Bolat and Ikinci, 2019; Kurt et
al., 2022). Rootstock use in fruit production is due to its adaptation to adverse climatic conditions, good
performance in various soil situations, increased fruit quality and yield, and high tolerance to diseases and
pests (Corso and Bonghi, 2014). BA29 is one of the quince clonal rootstocks, which European pear growers
widely use to establish modern pear orchards. BA29 quince rootstock was selected from Province quinces
at the fruit breeding station in France in 1963. It forms a canopy about 50% higher than standard quince
rootstocks and shows a slightly stronger growth than QA rootstocks. BA29 propagation rate is slow, but
the yield efficiency is high. However, it is resistant to pear powdery mildew and root cancer but has poor
tolerance to leaf spot and fire blight diseases. BA29 is resistant to pear dent and cotton louse, and dwarf
trees can be obtained by dense planting (Jackson, 2003; Ozcagiran et al., 2005). In this study, it was tried to
determine the effect of BA29 quince clonal rootstock on the quality of some local pear cultivars used in pear
cultivation of Tiirkiye.

MATERIAL AND METHOD

Materials

In this study, ‘Karpuz’, ‘Kadin Parmak’, ‘Karga’, ‘Kusak’, ‘Gelin’, “‘Macar’, ‘"Harman’, ‘Riza’, ‘Kara’, and
“Esek’, grafted on BA29 quince clone rootstock 10 local pear cultivars were used in Samsun, Tiirkiye. The
experimental pear orchard was established in 2009 in the Agriculture Faculty Research Station of Ondokuz
Mayis University (41° 33" 50” N; 35° 52" 21" E; altitude 160 m). The study was done in 2021-2022. The
experimental area has a hot and humid climate in summers and a cool climate in winters, and precipitation
mainly occurs in late autumn and early winter. The experimental area has an average maximum
temperature of 26.2 °C, an average minimum temperature of 3.3 °C and an average annual temperature of
14.1 °C (TSMS, 2022). Trees were pruned by using modified leader system after being planted at intervals
of 3.5 m x 1.5 m (1910 trees ha). A system of metal poles was used to support the newly planted trees,
standing the saplings against the wind and tying together the branches to keep them against breaking when
they were ready to bear fruit. For this reason, three rows of wire were fastened to the poles at the height of
0.5, 1.0, and 1.5 meters. Regular irrigation of the trees was carried out using pressure-compensating
drippers spaced 1.20 m apart and two pipes per row on either side of the trees. The experimental orchard
also received regular annual weeding and pruning.

Methods

When the fruits reached their physiological maturities, as shown in Figure 1 were harvested and brought
to the laboratory for pomological, chemical and sensory evaluations. According to previous researches
(Massai et al.,, 2008; Akcay et al., 2009; Stern and Doron 2009; Kucuker et al., 2016; Ozturk et al., 2022),
pomological characteristics like fruit weight (g) were measured in randomize harvested 30 fruits in each
replication with 0.01 g sensitive digital balance (CAMRY L-500). Fruit width (mm), fruit length (mm), fruit
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height (mm), fruit stalk length (mm), fruit stalk thickness (mm), fruit skin thickness (mm) were determined
with a 0.01 mm digital caliper (Mitutoyo CD-20CPX). Fruit volume (ml) was measured by using a 1000 ml
graduated cylinder. Fruit skin and flesh color L*, a* b* chroma and hue degree (h°) were analyzed by
reading the skin color of the fruit from 2 different points on the equatorial of the fruit part, and fruit flesh
color was immediately measured by transversely cutting the fruits in two equal parts with the help of a
colorimeter made of Tokyo, Japan (Minolta, model CR-300) as described by (Erdem and Ozturk, 2012; Kurt
et al.,, 2022). Fruit firmness (kg cm?) was measured with a digital penetrometer, according to Ozturk and
Faizi (2022). Total soluble solids (TSS %) were determined with a digital refractometer (ATAGO, PAL-1,
Japan), titratable acidity (%) was evaluated by using 0.1N NaOH in the titration method, and pH from the
extracted fruit juice was also measured with pH meter (Ranganna, 2005). A well-known group of 12
panelists did a sensory evaluation of fruit samples. The panelist rated the fruits from 1 (don't like at all) to
7 (like extremely) score after a sensory investigation in case of juiciness, taste, aroma, and visual quality
(Pasquariello et al., 2013).

Months
July August September
18 22 25 27 17 28 31 8 12 14

Cultivars

Karpuz

Kadin Parmak
Kusak

Karga

Gelin

Macar

Harman
Esek
Kara
Riza

Figure 1. Maturity dates of local cultivars used in the research.
Sekil 1. Denemede kullanilan yerel cesitlerin hasat olgunlugu tarihleri.

Statistical Analysis

Ten trees were included in each of the 3 replications of the Randomized Complete Block Design method.
In each replication, 30 fruits were used for the quality assessment. IBM SPSS 21.0 (SPSS Inc. Chicago, ABD)
was used to evaluate the data when they were collected. The Duncan Multiple Comparison Test (DMRT)
was used to compare the means at the 5 levels of significance (p>0.05), while the ANOVA indicated
significant results.

RESULTS AND DISCUSSION

Pomological Characteristics

The variance analysis of research data on pomological characteristics of some local pear cultivars on BA29
quince clonal rootstock was given in Table 1 and Table 2. All the pomological characteristics were found to
be statistically significant. 'Karpuz' pears were found to have higher fruit weight (FWgt), fruit width
(FWdt), fruit height (FH), fruit stalk thickness (FStT), and fruit volume (FV). While the highest fruit length
(FL), fruit stalk length (FSL) in 'Esek’ pear, and highest fruit skin thickness (FSkT) in 'Riza’ pear, and highest
fruit firmness (FF) in 'Harman' pear. Except for FL and FStT, which were lower in 'Kusak' and 'Macar' pears,
respectively, all other pomological features were lower in the 'Kadin Parmak’ pear cultivar.

The size of pear fruit from a marketing point is a crucial feature (Jackson 2003; Stern and Doron 2009).
Ozcagiran et al. (2005) reported the fruit weight of pears from 80 to 400 g. Ozturk et al. (2009) mentioned
the fruit weight 190.36 g, fruit width was 64.25 mm, and fruit length 107.27 mm in the pear. The fruit weight
of 'Santa Maria' on BA29 rootstock varied from 147.5 to 169.4 g by Erdem and Ozturk (2012), 140.0 to 156.2
g by Kucuker et al. (2016), and fruit weight from 183.00 to 290.00 g and fruit width 61.18 to 81.86 mm by
Lepaja et al. (2014), and 304.1 g by Ikinci et al. (2016). Polat and Az (2017) cited that fruit weight varied from
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373.97 to 22.04 g, fruit width varied from 87.33 to 35.02 mm, and fruit length varied from 141.27 to 30.55
mm in local pear cultivars on QA rootstock. Pear fruit weight varies according to the research years and
cultivars (Kucuker and Aglar, 2021). Jovanovic et al. (2022) stated the fruit weight was 188.4 g, fruit length
8.8 cm, and fruit width 6.5 cm in the 'Santa Maria' pear cultivar. Stalk thickness of pear fruit was recorded
at 3.1 mm (‘T. de Vienne’/QA) and 5.6 mm (‘Beurre Clairgeau’/QA) by Kaplan (1997); 3.81 mm
(‘Deveci’/QA) and 4.12 mm (‘Williams'/QA) by Akcay et al. (2009); 3.94 to 4.75 mm (‘Deveci’/BA29) by
Uysal et al. (2016); 4.6 to 5 mm (‘Abate Fetel’ /QA) by Ozturk et al. (2016). Fruit stalk length observed 18
mm (Beurre Hardy/QA) and 42.8 mm (‘Akca’/QA) by Kaplan (1997); 24.73 mm (‘Deveci’/QA) and 29.43
mm ("Williams’/QA) by Akcay et al. (2009); 31.54 to 32.56 mm (‘Deveci’/BA29) by Uysal et al. (2016); 11.1
to 14.2 mm (‘Abate Fetel’/QA) by Ozturk et al. (2016). The maturity of pear fruit can be considered by
firmness (Kawamura 2000; Jackson 2003) and changes based on rootstocks, growing years, and
managemental practices in the pear orchards (du Plooy and Van Huyssteen 2000; Kosina 2003; Urbina et
al. 2003; Ikinci 2017).

Table 1. Pomological characteristics of some local pear cultivars.
Cizelge 1. Bazi yerel armut cesitlerin pomolojik 6zellikleri.

Fruit weight (g) Fruit width Fruit length  Fruit height Fruit volume

Cultivars (mm) (mm) (mm) (ml)
Karpuz 195.47 a 73.56 a 71.58 b 73.72 a 193.30 a
Kadin Parmak 5344 ¢ 4222 57.82d 41.69¢ 50.70
Karga 6344 g 47.78 d 54.80 e 47.74 £ 55.83 f
Kusak 111.75 e 60.88 b 51.56 f 61.01d 114.23d
Gelin 83.24 f 55.55 ¢ 51.62 f 56.39 e 82.00 e
Macar 205.03 a 60.85b 64.30 ¢ 67.29Db 168.10 b
Harman 114.07 e 59.03 b 51.92 f 62.13 cd 120.17 d
Riza 128.73 d 60.75b 56.44 de 62.95 cd 133.90 cd
Kara 141.44 ¢ 59.01b 70.94b 64.04 c 145.20 ¢
Esek 154.60 b 61.03b 90.96 a 64.14 ¢ 178.13 ab
Significance 0.001 0.001 0.001 0.001 0.001

*: Averages shown with different letters in the same column, the difference between them is statistically significant.

Table 2. Pomological characteristics of some local pear cultivars.
Cizelge 2. Bazi yerel armut ¢esitlerin pomolojik 6zellikleri.

Cultivars Fruit stalk Fruit stalk Fruit skin thickness Flesh firmness
length (mm) thickness (mm) (mm) (kg cm™)
Karpuz 37.76 abc 3.94a 0.86e 6.00 b
Kadin Parmak 35.17 be 2.02d 0.60 e 2.38 ¢
Karga 33.91 cd 2.30d 0.70 e 3.34 c
Kusak 33.28 cd 3.26 bc 1.37d 590b
Gelin 39.79 ab 3.25bc 1.56d 844 a
Macar 17.60 e 3.79 a 249 a 6.58 b
Harman 33.17 cd 3.07 ¢ 2.07 be 9.35a
Riza 29.10d 3.16 bc 251 a 5.76 b
Kara 32.97 cd 3.51 abc 2.38 ab 8.35a
Esek 40.22 a 3.64 ab 2.02 ¢ 3.79 c
Significance 0.001 0.001 0.001 0.001

*: Averages shown with different letters in the same column, the difference between them is statistically significant.

Firmness decreases as fruits ripen and closely associated with the cell wall composition, structure, and cell
wall changes during ripening. Rigidity and strength provide by cell wall, and it is the opposite of the
resistance of the wall that the osmotic pressure of the protoplast exerts force and provides turgor. So it can
be said that firmness is related to the physical anatomy of the tissue, particularly cell size, shape, wall
thickness, strength, and cell-to-cell adhesion status. When the pear fruit ripening process starts, these
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factors may change, leading to larger air spaces and reduced intercellular contact. Then fruits with larger
cells and more intercellular spaces are considered to have weaker tissues than pear fruits with smaller cells
and fewer intercellular spaces, so tissues with small cells tend to have higher cell-to-cell contact and lesser
intercellular air spaces, thus making the fruit firmer (Pasquariello et al., 2013). Pear fruit firmness reported
4.96 kg cm in ‘Santa Maria’ by Lepaja et al. (2014), 22.3 1b by Ikinci et al. (2016), 62.11 - 66.46 N in ‘Santa
Maria’ by Pasa et al. (2017) and 9.92-12.65 kg in local pear cultivars by Polat and Az (2017), 2.06-7.77 kg cm-
2in local pears by Akin and Bostan (2018). The pear fruit firmness was reported 52.9 N for 'Etrusca’, 51.8 N
for 'Carmen’', 50.4 N for 'Precoce of Fiorano', 50.2 N for 'Coscia’, 48.8 N for 'Turandot' and 48.3 N for ‘“Tosca’
(Pasquariello et al., 2013). In the some local pear cultivars, fruit skin thickness was reported 0.20 to 0.50 by
Ozrenk et al (2010), 0.37 — 0.59 mm by Balta et al. (2019). Some pomological properties of the 'Le Conte'
cultivar of European pear reported as the following fruit weight 192.04 g, fruit volume 207.67 cm? and fruit
firmness 7.53 kg.cm (Sajid et al., 2022).

Fruit Chemical Characteristics

The research data on chemical traits of local pear cultivars on BA29 quince clonal rootstock were shown in
Table 3. It was found that each chemical traits were significant. The 'Kara' pear had higher total soluble
solids (TSS) than other pears, on the contrary, the lowest TSS was observed in 'Gelin' pear. The highest
titreatable acidity was obtained in the 'Riza’, while the lowest acidity was measured in the 'Harman' pear.
The pH value of the 'Kadin Parmak' pear was higher than other cultivars, and vice versa, the lowest pH
was determined in the 'Riza' pear.

In pear fruits ripening of total soluble solids (TSS) is a withstand factor and increases with the increase of
maturity; on the contrary, fruit acidity decreases (Kawamura 2000). TSS was reported 9.16 to 9.77 in pear
cv. 'Santa Maria' by (Ozturk and Faizi, 2022), 12.38 °Brix by (Sajid et al., 2022). In local pear cultivars, TSS
was determined between 7.60-19.25 % (Orman and Yarilgac, 2016; Polat and Az, 2017; Akin and Bostan,
2018; Balta et al., 2019; Kalkisim et al., 2021). In pear fruit, titratable acidity was reported between 0.13 —
1.51% (Orman and Yarilgac, 2016; Polat and Az, 2017; Balta et al., 2019; Kalkisim et al., 2021; Ozturk, 2021;
Sajid et al., 2022). pH was reported 4.28 by Erturk et al. (2009), 3.94 by Ozturk et al. (2009), 3.98 to 4 by
Erdem ve Ozturk (2012), 3.98 to 4.06 by Kucuker et al. (2016), 3.40 by Ekinci and Akcay (2016), 3.18 to 4.99
by Orman and Yarilgac (2016), 2.90 to 4.81 by Polat and Az (2017), 4.77 to 5.39 by Akin and Bostan (2018),
4.29 to 5.18 by Balta et al. (2019), 3.80 to 3.96 by Mertoglu and Evrensoglu (2019), 4.22 to 5.35 by Kalkisim
et al (2021) and 5.31 by Sajid et al. (2022).

Table 3. Chemical characteristics of some local pear cultivars.
Cizelge 3. Yerel armut cesitlerin kimyasal 6zellikleri.

Cultivars Total soluble solids  Acidity (%) pH
(%)

Karpuz 14.70 ¢ 0.29e 4.67 ¢
Kadin Parmak 13.37 de 0.23 f 4.87 a
Karga 13.87d 0.31 de 4.69 b
Kusak 13.57 de 0.36 cd 434 e
Gelin 12.67 £ 0.34 cde 39¢g
Macar 13.70d 0.35 cd 4.04 f
Harman 12.90 ef 0.19f 457d
Riza 16.50 a 0.60 a 3.50 h
Kara 16.83 a 0.38 ¢ 39¢g
Esek 1557 b 0.52b 398¢g
Significance 0.001 0.001 0.001

*: Averages shown with different letters in the same column, the difference between them is statistically significant.

Fruit Skin and Flesh Color Characteristics
The research data on fruit skin and flesh color features of some indigenous pear cultivars on BA29 quince
clonal rootstock were given in Table 4 and Table 5. It became revealed that all fruit skin and flesh color
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characteristics were statistically significant. In the case of fruit skin color, the highest values of L* in 'Gelin',
a*in 'Harman', b* and chroma in 'Karpuz', and hue angle in 'Riza' were recorded. While lowest values were
recorded as the following L¥, b* and chroma in 'Kara', a* in 'Riza’, and hue angle in 'Harman'. Regarding
fruit flesh color, the highest values of L* in 'Harman', a* in 'Kusak', b*, chroma and hue angle in 'Gelin' pear
were observed. Furthermore, the lowest values were found to be as the following L* in 'Kadin Parmak’, a*
in 'Gelin’, b* in 'Riza’, chroma in 'Karpuz', and hue angle in 'Kusak' cultivar.

As an appearance characteristic color is an important quality feature which consider with L* (0 = white, 100
=black), a* (if positive =red, if negative = green), b* (if positive = yellowness, if negative = blueness), Chroma
(express the color saturation level), and h° (0° = red, 90° = yellow, 180° = green, and 270° = blue) (McGuire
1992). The most important color parameters indicating the fruit maturity level in pear are L* and b*. The
increase in the b* value indicated higher sugar content in the pear fruit (Kawamura 2000). The fruit skin
color of pear cv. 'Santa Maria' was reported as the following L* (57.59 to 60.87), a* (-17.14 to -17.18), b* (24.60
to 27.01), chroma (30.10 to 31.71), and hue® (118.30 to 132.50) by (Ozturk and Faizi, 2022).

Table 4. Fruit skin color of some local pear cultivars.
Cizelge 4. Bazi yerel armut cesitlerin meyve kabuk renk ozellikleri.

Cultivars L* a* b* Chroma he
Karpuz 67.83 bc -15.11 cde 3992 a 4216 a 111.78 bc
Kadin Parmak  68.60 bc -13.40 bed 36.15 abc 40.43 ab 109.30 cde
Karga 62.87 ef -10.24b 35.30 abc 38.11 bc 105.50 def
Kusak 63.40 def -16.09 de 33.93 bed 37.36 bc 115.42 ab
Gelin 7445 a -10.28 b 38.16 ab 40.36 ab 101.49 fg
Macar 66.90 bed -10.27b 35.39 abc 36.43 ¢ 104.18 efg
Harman 70.38 b -4.61 a 35.01 abc 35.55 cd 99.29 g
Riza 62.15 f -1790 e 31.84 cd 37.93 bc 119.54 a
Kara 55.67 g -11.79 be 29.24d 33.03d 111.09 bc
Esek 66.44 cde -14.11 cd 37.08 abc 40.25 ab 110.32 bed
Significance 0.001 0.001 0.001 0.001 0.001

*: Averages shown with different letters in the same column, the difference between them is statistically significant.

Table 5. Fruit flesh color of some local pear cultivars.
Cizelge 5. Bazi yerel armut cesitlerin meyve et renk 6zellikleri.

Cultivars L* a* b* Chroma he
Karpuz 70.13b -1.96 b 16.08 cdef 13.67d 99.94b
Kadin Parmak  59.77 d -0.46 a 14.24 ef 13.89d 92.39d
Karga 66.31 c -1.87b 21.04 ab 2225a 95.56 ¢
Kusak 71.29b 0.13 a 16.86 cde 15.32 cd 92.22d
Gelin 88.36 a -485e 2230a 22.65a 105.16 a
Macar 89.45a -3.27d 17.75 cd 16.97 bc 98.04b
Harman 89.94 a -2.89 cd 17.82 ¢ 18.53 b 98.39 b
Riza 69.79 b -2.28 bc 1355 f 14.00 d 100.54 b
Kara 69.93 b -2.25bc 14.96 def 18.13b 94.95 ¢
Esek 68.76 bc -045a 18.85 bc 1524 cd 95.22 ¢
Significance 0.001 0.001 0.001 0.001 0.001

*: Averages shown with different letters in the same column, the difference between them is statistically significant.

Sensory Evaluation

Research findings on the sensory evaluation of local pear cultivars on BA29 quince clonal rootstock are
presented in Table 6. Each chemical characteristic was proven to be significant. It was determined that
‘Macar' pear had a higher value of juiciness but the lowest taste and aroma values than other pears. The
highest taste and aroma values recorded in 'Kadin Parmak' pear and the highest visual quality (VQ) in the
‘Esek’ cultivar. The lowest juiciness was measured in the 'Kara' pear and the lowest VQ in the 'Harman'
cultivar.
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The eating quality of fruit is difficult to measure objectively; therefore, sensory analysis has been defined
as a scientific discipline used to evoke, measure, analysis and interpret reactions to those characteristics of
fruits as the senses of sight to perceive them, smell, taste, touch, and hearing (Pasquariello et al., 2013). A
sensory analysis was therefore used to define the sensory attributes related to consumer preference, such
as juiciness, taste, aroma, and visual quality (a general consideration of shape, size and color) all of which
are important determinants of pears fruit eating quality (Eccher Zerbini, 2002). The juiciness of pear fruit
reported to be the highest in “Tosca” and ‘Coscia’ on the contrary, the lowest in “Etrusca’ and ‘Carmen’, and
mentioned that juiciness could be effective by the pectic enzyme activity (pectinmethylesterase)
(Pasquariello et al., 2013). Predieri et al. (2005) found that sweetness and pear aroma correlated highly with
consumer preference. The sweetness and sourness of pear fruit differ based on the cultivar. They are the
most important characteristics when considering taste due to the composition of soluble sugars, organic
acids, and volatile substances (Eccher Zerbini, 2002). In the organoleptic evaluation of pear fruit, the aroma
is a crucial sensory attribute (Zhang et al., 2008), which comes from the combination of sugars, acids and
aromatic materials within the fruit. Many factors can significantly affect the pear fruit aroma, consisting of
pre-harvest factors, genetic differences, maturity at harvest, storage conditions and fruit physiology
(interfruit volatile localization, ripening, senescence and presence of disorders) (Rapparini and Predieri,
2002). The shape of pear fruits can range from round to elongated (Pasquariello et al., 2013). Terms such as
pyriform, elongate-pyriform and intermediate-straight can also be used to describe the intermediate shape
of pears (Gamble et al., 2006). The cultivars we used in our research, 'Karpuz', 'Karga', 'Gelin' and 'Kara'
were pyriform. At the same time 'Esek' and 'Kadin Parmak' were elongated- pyriform, and 'Macar',
'Harman', 'Kusak', and 'Riza' had round shapes.

Table 6. Organoleptic characteristics of some local pear cultivars.
Cizelge 6. Bazi yerel armut cesitlerin duyusal ozellikleri.

Cultivars Juiciness Taste Aroma Visual quality
Karpuz 5.00 ab 4.75 abc 5.00 abc 6.25a
Kadin Parmak 5.58 ab 592 a 5.83 a 5.33b
Karga 5.25ab 4.00 cd 4.17 bed 4.17 cde
Kusak 4.25 bc 3.33d 3.83 cd 4.00 de
Gelin 4.50 be 4.92 abc 4.67 abc 4.92 be
Macar 6.25a 3.33d 3.25d 4.42 cd
Harman 5.92 a 5.33 ab 5.25 ab 2.25f
Riza 4.50 be 4.75 abc 4.58 abcd 350e
Kara 3.58 ¢ 450 bed 442 bed 4.58 bed
Esek 6.08 a 5.39 ab 5.19 abc 6.36 a
Significance 0.001 0.001 0.001 0.001

*

: Averages shown with different letters in the same column, the difference between them is statistically significant.

CONCLUSION

From our research findings, it was revealed that the 'Karpuz' cultivar recorded higher fruit weight (FWgt),
fruit width (FWdt), fruit height (FH), fruit volume (FV) and fruit stalk thickness (FStT). While the highest
fruit length (FL), fruit stalk length (FSL) in 'Esek’ pear, and highest fruit skin thickness (FSkT) in the 'Riza’
cultivar, and highest fruit firmness (FF) in the 'Harman'. It was determined that 'Kara' pear had higher total
soluble solids (TSS) compared to the others, on the contrary, the lowest TSS was observed in 'Gelin' pear.
The highest acid content was obtained in the Riza' pear, while the lowest acidity was measured in the
'Harman' pear. The pH value of the 'Kadin Parmak' pear was higher than other cultivars, and vice versa
the lowest pH was determined in the 'Riza’ pear. In the case of fruit skin color, the highest values of L* in
'Gelin', a* in 'Harman', b* and chroma in 'Karpuz', and hue angle in 'Riza’ were recorded. While lowest
values were recorded as the following L* b* and chroma in 'Kara', a* in 'Riza', and hue angle in 'Harman'.
In consideration of fruit flesh color, the highest values of L* in 'Harman', a* in 'Kusak', b*, chroma and hue
angle in 'Gelin' pear were observed. And the lowest values found to be as the following L* in 'Kadmn
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parmagt, a*in 'Gelin', b*in 'Riza’, chroma in 'Karpuz', and hue angle in 'Kusak' cultivar. It was determined
that 'Macar ' pear had a higher value of juiciness but the lowest taste and aroma values than other pears.
The highest taste and aroma values recorded in the 'Kadin Parmak' pear and the highest visual quality
(VQ) in the 'Esek’ cultivar. The lowest juiciness was measured in the 'Kara' pear and the lowest VQ in the
'‘Harman' cultivar. In conclusion, it was revealed that the 'Karpuz' cultivar shown better pomological
features, and the visual quality of the 'Esek’ pear was recorded the best. So 'Karpuz', 'Esek’ and 'Gelin' pears
quality performances found to be higher, and we recommend them for further consideration.
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Abstract: Soilborne pathogens associated with cereals cause significant yield losses throughout the world. Among soilborne pathogens Heterodera
filipjevi and Fusarium culmorum are two main destructive causal agents that attack the roots and crowns of cereals and have been reported as the most
prevalent species in Tiirkiye. A total of 245 Turkish cereal varieties consisting of wheat, oat, triticale and rye which were registered between 1931 to
2013; were tested for their resistance to Fusarium culmorum and Heterodera filipjevi. The varieties were screened under controlled and/or field conditions
for two successive growing seasons. The bread wheat ‘Murat-1" was the most resistant variety for both pathogens. The durum wheats “Yelken 2000
and “Yilmaz 98" were found the most promising varieties for resistance to F. culmorum and H. filipjevi, respectively. The triticale ‘Umranhanim’ ranked
moderately resistant at adult plant stage while ‘Presto” and ‘Melez 2001” were ranked moderately resistant at seedling stage for Fusarium culmorum.
The findings of this study are important for the global wheat breeding programs as those genotypes are still being used in crosses for new genotype
development.

Keywords: Host reaction, soil borne pathogens, Triticum aestivum, Triticum durum, Turkish genotype

&

Oz: Tahillar ile iliskili toprak kokenli patojenler Diinya genelinde 6nemli verim kayiplarina sebep olmaktadir. Toprak kokenli patojenler iginde
Heterodera filipjevi ve Fusarium culmorum tahillarin kok ve kokbogazi’ na saldiran iki ana yikic1 etmendir ve Tiirkiye' de en yaygin tiirler olarak rapor
edilmistir. 1931-2013 yillar1 arasinda tescil edilmis bugday, yulaf, tritikale ve ¢avdardan olusan toplam 245 Tiirk tahil gesidi; Fusarium culmorum ve
Heterodera filipjevi' ye kars1 dayanuikliliklar: igin test edilmislerdir. Cesitler, iki ardigik biiyiime sezonu boyunca kontrollii ve/veya tarla kosullarinda
taranmuslardir. Ekmeklik bugday 'Murat-1' her iki patojen i¢in de en dayanikli gesit olarak belirlenmistir. Durum bugday1 'Yelken 2000' ve "Y1lmaz 98'
sirastyla F. culmorum ve H. filipjevi'ye kars1 dayaniklilik agisindan en umut verici gesitler olarak bulunmuslardir. Tritikale 'Presto’ ve 'Melez 2001 fide
asamasinda Fusarium culmorum’ a kars1 orta derecede dayanikli iken 'Umranhanim' yetiskin bitki doneminde orta derecede dayanikli olarak
smiflandirilmistir. Bu ¢alismanin bulgulari, bu genotiplerin yeni genotip gelistirilmesi i¢in melezlemede hala kullanilmas: nedeniyle kiiresel bugday
1slah programlari igin 6nemlidir.

Anahtar kelimeler: Konukgu reaksiyonu, toprak kokenli patojenler, Triticum aestivum, Triticum durum, Tiirk genotipi
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Identification of Genetic Resistance to the Crown and Root Rot Caused by Fusarium culmorum and Cereal Cyst Nematode (Heterodera
filipjevi) in the Turkish Cereal Varieties

INTRODUCTION

Wheat, barley, rye, oats and triticale are the cool climate cereals that have economic importance worldwide.
Their adaptability is very high and they can be grown in a wide range of climatic and soil conditions (Soysal
et al., 2020). The production area of the cool climate cereals produced in Tiirkiye is as following, wheat
(67446655 da), barley (301544431 da), rye (85540 da), oats (1369490 da), triticale (468835 da) (TUIK 2021).
Tiirkiye is among the 10 largest wheat producers worldwide with an annual wheat production of between
16 and 21 million tonnes (t). The national average grain yield is around 2 t per hectare (ha), however, due
to the agroecological conditions, it varies from 1 t/ha in the eastern part of Tiirkiye to 3 t ha'! in Thrace and
southern Tiirkiye (Braun et al., 2001). The Central Anatolian Plateau (CAP) is the Tiirkiye’s most important
wheat-growing area with 2,5 million ha land and 6500 tonnes of wheat production (Benli et al., 2007; TMO,
2019). About 90% of all wheat cultivation in Tiirkiye is produced under rainfed or semi-supplementary
irrigation conditions, where drought stress is common (Braun et al., 2001) and is considered a favorable
environment for the dryland root and crown rots. Cereal cyst nematodes (Heterodera avenae complex, CCNs)
and dryland root and crown rots are found worldwide and cause significant economic yield losses in many
countries, particularly where rainfed cereal systems predominate (Nicol et al., 2003 and 2004b). Crown rot
and dryland foot rot are common names being used to describe diseases caused by Fusarium spp. resulting
in necrosis of root, crown, basal stem and root tissues (Burgess et al., 2001; Chakraborty ef al., 2006). The
dryland root rots (foot rot, crown rot) caused by Fusarium culmorum, F. pseudograminearum (formerly F.
graminearum Group 1) and F. graminearum (formerly F. graminearum Group 2) are important diseases of
cereals around the globe and occur especially under drought conditions in rainfed and wheat monoculture
systems (Cook, 1992; Smiley et al., 2005). They have been reported from West Asia, North Africa (Egypt,
Tunisia, Morocco), USA, Canada, Australia and Tiirkiye (Smiley et al., 2005; Tunali ef al., 2008; Chakraborty
et al., 2010). Fusarium culmorum has been reported as the prevalent species causing foot rot in Tiirkiye (Aktas
et al.,, 1996; Nicol et al., 2004b; Hekimhan et al., 2004; Bentley, 2006, Tunali ef al., 2008; Akgul, 2008;
Hekimhan, 2010; Gebremariam et al., 2018). Diseased plants are characterized by colonization of wheat
stems, crown and root tissues leading to a honey-brown discoloration of the leaf sheaths and lower stem,
and necrosis of the crown region (Cook, 1981; Cook and Veseth, 1991; Klein, 1991). In Bursa province of
Tiirkiye, the most frequently isolated fungi from wheat fields were Fusarium spp., Rhizoctonia cerealis,
Alternaria alternata and Drechslera sorokiniana with aggressive pathogenic behavior (Arslan and Baykal,
2001). In Konya province of Tiirkiye, the intensity foot and root rot diseases was found at 36% in sampled
field sites with F. culmorum as the most dominant species (Aktas et al., 1999). Another study was conducted
by Uckun and Yildiz (2004) showed that F. culmorum was the most pathogenic and widespread species in
Denizli, Aydin, and Izmir provinces of Tiirkiye. Tunali ef al. (2006) studied the virulence of the 13 Fusarium
spp. originated from CAP and they found that the main three Fusarium spp. (F. culmorum, F.
pseudograminaerum, F. graminaerum) were the most pathogenic species causing the greatest disease severity
on the susceptible wheat variety Pehlivan. In the Thrace region of Tiirkiye, Hekimhan (2010) reported F.
culmorum as the most common pathogen and he investigated the resistance levels of 63 wheat varieties
against F. culmorum and disease intensity values ranged between 25 and 55%. It is concluded that out of 63
varieties, only 3 had disease intensities of less than 25%. In Sakarya province of Tiirkiye, 11 Fusarium
species including F. culmorum and F. graminearum were tested on 18 wheat cultivars and were found to be
pathogenic (Araz et al., 2009). In 2013, an extensive survey was conducted in major wheat-growing areas in
Tiirkiye. In this study, a total of 339 samples were collected and 17 Fusarium species were isolated and
identified. Among the aggressive species, F. culmorum (13.6%), F. pseudograminearum (1%) and F.
graminearum (0.5%) were the predominant species in the surveyed field sites of the Aegean region, Black
Sea, Central Anatolia, and South East Anatolia regions (Gebramarium et al., 2018). Several studies have
been conducted to identify resistance sources in cereals (wheat, barley, and triticale) against root rot
diseases such as Bipolaris sorokiniana, Rhizoctonia cerealis, and Ophiobolus spp.) which were applied as
mixture inoculum under field conditions or inoculated singly under controlled conditions (Aktas et al.,
1996, 1997; Bagci et al., 2001). Cereal cyst and root lesion nematodes are considered the most important
plant-parasitic nematodes associated with wheat production and are widely distributed in Tiirkiye (Nicol

——
Uluslararas: Tarim ve Yaban Hayat1 Bilimleri https://dergipark.org.tr/tr/pub/ijaws

441


https://dergipark.org.tr/tr/pub/ijaws

Gul Erginbas ORAKCI, Abdullah Taner KILINC, Salah Laasli EDDINE, Fouad MOKRINI, Abdelfattah Adnan DABABAT

et al., 2004a; Riley et al., 2009). Heterodera filipjevi was first reported from Tiirkiye in 1995 and detected in
87% of the collected samples (Rumpenhorst et al., 1996). Riley et al. (2009) reported that 78% of the surveyed
areas of CAP were infested with H. filipjevi. These species caused yield losses of up to 50% in wheat in CAP
in Tiirkiye (Nicol et al., 2003; Sahin, 2009). A recent survey conducted during the 2014 cereal growing season
across five regions in Tiirkiye (Central Anatolia, Marmara, Aegean, Southeast Anatolia, and Black Sea
Regions) where the three species, H. filipjevi, H. latipons, and H. avenae have been found in 64 samples. H.
filipjevi was the predominant in all surveyed regions (Cui ef al., 2017). Control of soil-borne pathogens (SBP)
is one of the most significant challenges facing agriculture (Cook, 1980). Crop rotation is still an alternative
option to control root rots. However, F. culmorum has a wide range of hosts such as wheat, barley, oat, rye,
corn, sorghum and various grasses, making this option not applicable (Cook, 1981; Cook and Veseth, 1991;
Klein, 1991). So far, several effective management strategies have been developed to control numerous
diseases caused by soil borne fungi and nematodes, including chemical control (Pariyar et al., 2014), crop
rotation (Cook, 2001), cultural practices (Singh et al., 2005), and development of resistant varieties (Dababat
et al., 2014, Gebremariam ef al., 2020). Using resistant crops of high-yielding potential is the most efficient
and economical way to increase wheat productivity and manage SBP, especially in dryland fields
(McIntosh, 1997; Cook, 2001). Although the SBP program at CIMMYT Tiirkiye has screened 1000s of
genotip against root rots, the Turkish varieties were not fully studied for such diseases. Therefore, the main
objective of this study was to investigate the Turkish varieties for their resistance reaction to crown rot
agent F. culmorum and cereal cyst nematode H. filipjevi. This is a critical first step in controlling those root
rot diseases by using genetic resistance, especially for the International Breeding Programs as well as the
Turkish breeding programs as these cultivars are used for new genotype development.

MATERIALS AND METHODS

Genotype Selection

A total number of 245 genotype (BW#177, DW#56, Triticale #9, Rye #1, Oat#2) provided by the Republic of
Tiirkiye Ministry of Agriculture and Forestry Institues and private companies were screened for resistance
against F. culmorum and H. filipjevi (Table 2). The set of genotype represented a collection of 56 lines of
durum wheat, 177 lines of bread wheat, nine lines of tiriticale, one line of rye, and two lines of oat. The well
known checklines resistant to F. culmorum and H. filipjevi was used as standard (Table 1). A local highly
pathogenic Fusarium species isolated from naturally infested field in Kirsehir, Tiirkiye (392 39" 709” N, 32°
37" 14” E) which was molecularly identified as F. culmorum according to Nicholson et al. (1998) was used
in all screening tests. For CCN, screening tests were carried out using a population of H. filipjevi collected
from another naturally infested field in Kirsehir, Tiirkiye (392 39" 709” N, 322 37" 14” E), and molecularly
identified according to the Peng et al. 2013.

Table 1. List of check lines with their resistance reactions to the Fusarium culmorum and Heterodera filipjevi.
Cizelge 1.Kontrol hatlar: ve Fusarium culmorum and Heterodera filipjevi’ ye karst dayanikliliklarin gosteren liste.

Genotypes Wheat Habit Source Fc/Hf Resistance Reaction
Bezostaja WwW Russia Hf S-HS
Kutluk WWwW Tiirkiye Hf S-HS

Katea WwW Russia Hf MR-MS
Sonmez WwW Tiirkiye Hf MR-MS

Altay 2000 WwW Tiirkiye Fc MR-MS

2-49 SW Australia Fc MR-MS
Sunco SW Australia Fc MR-MS

Seri 82 FAC Mexico Fc S-HS
Kiziltan 91 FAC Tiirkiye Fc S-HS

Abbreviations stand for: MR=Moderately Resistant, MS=Moderately Susceptible, S=Susceptible, HS=Highly Susceptible, WW=Winter
Wheat, SW= Spring Wheat, FAC= Facultative, Fc = Fusarium culmorum, Hf = Heterodera filipjevi

S
Uluslararas: Tarim ve Yaban Hayat1 Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

442



Identification of Genetic Resistance to the Crown and Root Rot Caused by Fusarium culmorum and Cereal Cyst Nematode (Heterodera
filipjevi) in the Turkish Cereal Varieties

Growth Room Screening

Seeds were surface sterilized with 3% sodium hypochlorite and rinsed several times in sterilized distilled
water, then placed onto moist blotting paper in sterilized Petri dishes, and left to germinate for 3 days at
23 °C. Seeds were left until 1-2 cm long radicules were formed. A single pregerminated seed was sown in
each plastic tube (16 cm in height x 2.5 cm in diam.) containing a potting mixture of sterilized sand, field
soil, and organic manure (50:40:10, v/v/v) and (70:29:1 v/v/v) for F. culmorum and H. filipjevi, respectively.
Sand and field soils were sterilized at 110 °C for 2 h and organic fertilizer was sterilized at 70 °C for 5 h. A
monosporic isolate of F. culmorum was cultured on Synthetic Nutrient Agar (SNA) medium at 23 °C for 10
days. Propylene bags (48 cm x 20 cm) (Unicorn, Amsterdam, Netherlands) were quarter filled with wheat
bran, and autoclaved at 121 °C for 20 min for three consecutive days. One week later, 15 ml of sterilized
water consisting of mycelium from the monosporic culture was transferred into each bag and left for 2 to
3 weeks at 23 °C to enhance sporulation and thereafter used as the source of inoculum. One week after
transplanting pregerminated seeds, each seedling stem base (3 cm above soil level) was inoculated with 1
ml of spore suspension of F. culmorum at a rate of 1x10¢spore per ml of water. Inoculated tubes were covered
with a plastic tent for 48 h to maintain high relative humidity (RH) for better disease development. Then
seedlings were left to grow under the growth chamber conditions for 49-56 days with 16 h of artificial
photoperiod and at 23 °C with RH of 75 + 5% (Mitter et al., 2004). Cysts of H. filipjevi were extracted from
soil using Cobb’s decanting and sieving method (Cobb, 1918). The extracted cysts were surface sterilized
with 0.5% NaOClI for 10 min and rinsed several times in distilled water. The cysts were kept at 4 °C until
they were used. Freshly hatched second-stage juveniles (J2) under room temperatues were used as an
inoculum source in the screening tests. As described above, one pregerminated seed was planted per tube,
a total of 300 J2 of H. filipjevi were inoculated into 3 holes made with a plastic rod around the stem base.
The plants were left to grow in the growth room at 23 °C and 75 + 5% RH for 63 days. Seedlings in all trials
were bottom irrigated. Each treatment was replicated 5 times and tubes were placed in a completely
randomized block design (CRBD). Each experiment was repeated twice for data validation.

Greenhouse and Field Screening

For the greenhouse trials, a single seed was sown individually in plastic tube (21 cm in height x 3.8 cm in
diam.) filled with the same potting mixture abovementioned. Each tube received 0.25 g of wheat bran of F.
culmorum inoculum consisting of about 5x105 spore mL-1. The plants were left to grow in the greenhouse
from October to June (normal growing season) and harvested at maturity. The method used in this test was
similar to that described by Wallwork et al., (2004). Plants were watered whenever needed. In order to
enhance disease symptoms, water was reduced near heading stage to stimulate post-anthesis drought
stress. Each treatment was replicated 6 times placed in a randomized block design. For field screening;
seeds were hand planted (5 g seeds per 1 m long row) and replicated 3 times in a CRBD. At harvest time
15-20 tillers of each treatment was randomly selected and scored for F. culmorum crown symptoms. The
trials were conducted during two growing season.

Assessment and Statistical Analyses

Assesment of crown rot was done based on the harvested plants’ browning percentage on the crown which
described the stem (1 cm above soil level) and root (1.5 cm below soil line), according to 1-5 scale: 1= 1-9%
(R), 2=10-29% (MR), 3= 30-69% (MS), 4= 70-89% (S), 5= 90-100% (HS) that modified from Wildermuth and
McNamara, (1994) (Erginbas et al., 2016, 2018). For H. filipjevi, the grouping was performed based on cyst
numbers per plant compared to that cyst numbers on the known checks. The following ranking was
followed: 1= resistant (R), 2= moderately resistant (MR), 3= moderately susceptible (MS), 4= susceptible (S)
and 5= highly susceptible (HS) (Dababat et al., 2019). The experiments were repeated twice. Data were
normalized using the Anderson-Darling normality test before they were analyzed using analysis of
variance (ANOVA). Significant differences between studied lines were detected using protected least
significant difference at P < 0.001 using SPSS statistical software V 17.0 (SPSS Inc., Chicago, IL, USA). A
Linear Discriminant Analysis (AFD) was conducted using R 3.4.3 software to distinguish the groups of
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main lines according to their disease index. All other analyses were conducted using XLSTAT software
2016.02.28451 (Addinsoft, USA).

RESULTS AND DISCUSSION

Resistance Screening to F. culmorum

Disease symptoms caused by F. culmorum (brown discoloration) were seen on crown and stem parts of each
plant harvested from all environments. Genotypes showed disease severity values that ranged between 1
to 89%. The genotypes were categorized into five groups based on their reactions ranging from Resistant
(R) to Highly Susceptible (HS). Analysis of population structure based on genotypes (resistance reaction)
displayed three distinct groups among the evaluated 56 durum wheat genotypes (including checks) under
field conditions and 4 distinct groups under greenhouse and growth room conditions (Figure 1). Significant
differences (P <0.001) were detected among durum wheat genotypes tested against F. culmorum. The results
showed that 28.5% (16 genotypes) of durum wheat genotypes were selected as promising genotype in terms
of their resistance to F. culmorum in all environments. Under field conditions, 2, 16 and 38 durum wheat
genotypes were grouped as moderately susceptible, susceptible, and highly susceptible, respectively.
Durum wheat genotypes screened (56) were classified into four groups under greenhouse conditions; 5
MR, 12 MS, 34 S and 5 HS. While, under growth room conditions, the same genotypes were divided into
four groups as 10 MR, 11 MS, 34 S, 1 HS based on their reactions against F.culmorum.
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Figure 1. Discriminant Factorial Analysis (AFD) showing the population structure for a set of 56 lines from durum
wheat nursery based on their resistance reaction against crown rot disease caused by Fusarium culmorum. (A) Field
conditions (mean of two years 2013-14). (B) Greenhouse conditions. (C) Growth room conditions. Abbreviations stands
for: R: resistant; MR: moderately resistant; MS: moderately susceptible; S: susceptible; HS: highly susceptible.

Cizelge 1. Fusarium culmorum tarafindan meydana getirilen kékbogazi ciiriikliigii hastaligina karsi gosterdikleri dayaniklilik
reaksiyonlari’na dayali olarak 56 makarnalik bugday hattinin popiilasyon yapisim gosteren Diskriminant Faktdr Analizi (DFA).
(A) Tarla kosullar: (ortalama iki yillik 2013-14). (B) Sera kosullar1. (C) Biiyiitme odast kosullar:. Kisaltmalar su anlama gelir: R:
dayanikly, MR: orta derecede dayanikly; MS: orta derecede hassas; S: hassas; HS: son derece hassas.

The same analyses described the population structure of bread wheat based on genotype (resistance
reaction) and displayed four distinct groups among the assessed 177 bread wheat genotypes (including
checks) under field conditions, five and four distinct groups under greenhouse and growth room
conditions, respectively (Figure 2). Significant differences (P < 0.001) were detected in bread wheat
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genotypes tested to F. culmorum. Genotypes were classified into four groups; 10 MR, 51 MS, 71 S, and 45
HS under field conditions, five groups; 1 R, 23 MR, 68 MS, 82 S, and 3 HS under greenhouse conditions and
four groups under growth room conditions; 23 MR, 61 MS, 85 S, and 6 HS.
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Figure 2. Discriminant Factorial Analysis (AFD) showing the population structure for a set of 177 lines from bread
wheat nursery based on their resistance reaction against crown rot disease caused by Fusarium culmorum. (A) Field
conditions (mean two years 2013-14). (B) Greenhouse conditions. (C) Growth room conditions. Abbreviations stands
for: R: resistant; MR: moderately resistant; MS: moderately susceptible; S: susceptible; HS: highly susceptible.

Cizelge 2. Fusarium culmorum tarafindan meydana getirilen kokbogazi ciiriikliigii hastaligina karsi gosterdikleri dayaniklilik
reaksiyonlari’na dayali olarak 177 ekmeklik bugday hattinin popiilasyon yapisini gosteren Diskriminant Faktor Analizi (DFA).
(A) Tarla kosullart (ortalama iki yillik 2013-14). (B) Sera kosullar:. (C) Biiyiitme odasi kosullari. Kisaltmalar su anlama gelir: R:
dayamikly, MR: orta derecede dayanikli;, MS: orta derecede hassas; S: hassas; HS: son derece hassas.

Crown Rot Disease Index

Among the 177 bread wheat genotypes Murat-1 was found as the most resistant genotype for both F.
culmorum and H. filipjevi. Kinac1-97, Murat-1, Gelibolu and Turan cultivars showed adult and seedling
resistance for F. culmorum. Murat-1, Atilla-12 and Bone de gave the lowest disease rating at adult stage
(Figure 3). Kaan, Bancal, Kinac1-97, P8-8 genotypes were the most resistant (seedling plant resistance)
genotypes under growth room conditions (Figure 3c). Thirteen percent of bread wheat genotype (13%)
found MR, 34,4% MS, 48,02% S and 3.3% was HS at seedling stage. Twenty bread wheat genotypes (11.2%)
were found R-MR at adult stage under greenhouse/field conditions (Figure 3a, b). Among the 177
genotypes tested 124 entry found as MS-S or S under the different tested environments.
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Figure 3. Index variation for crown rot disease caused by Fusarium culmorum for a set of 177 lines from bread wheat
nursery based on their resistance reaction against crown rot disease. (A) Field conditions (mean two years 2013-14). (B)
Greenhouse conditions. (C) Growth room conditions

Cizelge 3. Fusarium culmorum tarafindan meydana getirilen kékbogazi ciiriikliigii hastali§ina kars1 gosterdikleri dayaniklilik
reaksiyonlari’na dayalr olarak 177 ekmeklik bugday hattinin kokbogaz: ciiriikliigii hastalig1 indeksi varyasyonu. Tarla kosullar:
(ortalama iki yillik 2013-14). (B) Sera kogullar1. (C) Biiyiitme odas: kogullar1.

There was a significant difference (P < 0.001) in the reactions of the Turkish durum wheat genotypes to F.
culmorum in terms of resistance ranging from resistant to susceptible which varied between 1 to 5 ratings
in all conditions (Figure 4). From fifty-six durum wheat genotypes screened, Yelken 2000 and Gokgol gave
the lowest disease ratings in greenhouse and field conditions (Figure 4a, b). Five genotypes (Berkmen 469,
Diyarbakir 81, Sar1 Canak 98, Guneyyildiz, Svevo) and 10 (Akbasak 073/144, Yilmaz 98, Yelken 2000,
Harran 95, Tuten 2002, GAP, Sham-1, Ozberk, Pinau-2001, Durbel) were grouped as MR under greenhouse
(adult plant resistance) and growth room (seedling resistance) conditions, respectively. Sham 1, Durbel and
Yilmaz 98 were found as the most promising genotypes under growth room conditions (Figure 4c), while
durum wheat cultivar Yelken 2000 was the best under all environments. Forty durum wheat genotypes
(71%) were tested as MS, S and/or HS to F. culmorum in all test environments. The durum wheat varieties
Kumbet 2000, Zenit, Giindas, Alibaba, and Dumlupinar were recorded as the most susceptible durum
genotypes against F. culmorum at adult stage while Kiziltan 91, and Altintas 95 were the most susceptible
genotypes at the seedling stage. The durum wheat genotypes Durbel, Yilmaz 98, Ozberk, Akbasak 073/144,
GAP, and Yelken 2000 showed disease resistance to F. culmorum and H. filipjevi.

——
Uluslararas: Tarim ve Yaban Hayat1 Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

446



Identification of Genetic Resistance to the Crown and Root Rot Caused by Fusarium culmorum and Cereal Cyst Nematode (Heterodera
filipjevi) in the Turkish Cereal Varieties

A B-

: L, '
5!-'\.-'!:E::E:!tf-'i::lI:]EI:E:EE:E!‘E! iE 1 s SRRER " !l B ‘
c . L]
i :

Liran

Figure 4. Disease index of 56 durum wheat lines to crown rot disease caused by Fusarium culmorum. (A) Disease Index
in field conditions (mean of two years 2013-14). (B) Greenhouse conditions. (C) Growth room conditions. Stars
represent homogeneous groups based on protected least significant difference test for each variable at P <0.001. Error
lines on bars represent the standard error (n=5).

Cizelge 4. Fusarium culmorum’ un 56 makarnalik bugday hattinda sebep oldugu kékbogazi hastalik indeksi. (A) Tarla kosullarinda
hastalik indeksi (ortalama iki yillik 2013-14). (B) Sera kosullar1. (C) Biiyiitme odas1 kosullar1. Yildizlar, P < 0,001 de her degisken

icin korunan en az anlamli fark testine dayali homojen gruplari temsil eder. Cubuklardaki hata cizgileri standart hatayt (n = 5)
temsil eder.

The reactions of nine triticale genotypes tested under greenhouse and field conditions ranged between R
to S. Among the triticale genotypes Umranhanim was identified as MR-R at the adult stage, Presto and
Melez 2001 identified as MR/R at the seedling stage. Among the oat genotypes Seydisehir rated as MR-MS
at the adult stage while it was susceptible at the seedling stage. Triticale cultivar Faikbey rated as MS-S
under all conditions. Rye genotype Aslim was susceptible under all conditions (Figure 5).
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Figure 5. Disease index of 12 triticale, rye and oat genotypes to crown rot disease caused by Fusarium culmorum. (A)
Disease index under field conditions (mean of two years 2013-14). (B) Greenhouse conditions. (C) Growth room
conditions. Stars represent homogeneous groups based on protected least significant difference test for each variable
at P < 0.001. Error lines on bars represent the standard error (n = 5). Abbreviations stand for: R: resistant; MR:
moderately resistant; MS: moderately susceptible; S: susceptible; HS: highly susceptible.

Cizelge 5. Fusarium culmorum’ un 12 tritikale, cavdar, ve yulaf) hattinda sebep oldugu kékbogaz: hastalik indeksi. (A) Tarla
kosullarmda hastalik indeksi (ortalama iki yillik 2013-14). (B) Sera kosullari. (C) Biiyiitme odast kogullari. Yildizlar, P < 0,001 'de
her degisken icin korunan en az anlaml: fark testine dayali homojen gruplari temsil eder. Cubuklardaki hata ¢izgileri standart
hatayr (n = 5) temsil eder. Kisaltmalar su anlama gelir: R: dayanikly, MR: orta derecede dayanikly; MS: orta derecede hassas; S:
hassas; HS: son derece hassas.

Arslan and Baykal (2001) screened some Turkish wheat varieties (Cakmak 79, Gediz 15, Kateal, Kirkpinar
79, Seri 82) against F. culmorum, and they found that all of these varieties were susceptible which also
supports our findings. Demirci and Dane (2003) showed that Bezostaja 1 and Giin 91 were moderately
resistant against F. culmorum whereas, in our study, these two varieties were susceptible in all tested
environments. Aktas et al. (1997) examined 26 wheat varieties/lines grown in Sakarya province of Tiirkiye
against six root rot pathogens including F. culmorum, and they concluded that all tested wheat genotypes
were susceptible to these pathogens. In Konya province of Tiirkiye, two barley varieties Erginel 90, Kiral
97 and triticale Tatlicak 97 were found resistant to F. culmorum and other pathogens (Aktas et al., 1999).
Different species of Fusarium originated from the Thrace region of Tiirkiye have been tested for their
pathogenicity on seven widely grown wheat varieties, viz., Gelibolu, Golia, Esperia, Krasunya, Nina,
Sagittario and Sana. Preemergence damping-off and disease severity in seedlings were at the lowest in
cultivars Gelibolu and Esperia (K8ycii and Ozer, 2019). In the present study, similar results were obtained
with cultivar Gelibolu whereas cultivar Esperia was found susceptible. The reactions of cereals were
recorded as different to the different pathogens (Aktas et al, 1999). In a similar study, Hekimhan (2010)
investigated the pathogenicity of 63 wheat varieties against F. culmorum. He stated that both Altay-2000
and Tekirdag exhibited the lowest disease ratings which supports our results. In our study Tatlicak 97
showed a susceptible reaction under all environments. The fluctuations that occurred between field and
greenhouse data could be attributed to the different climatic changes, water and other microflora in the
field (Mitter et al., 2006).

Reaction to the Cyst Nematodes (CCN)
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The varieties were tested against H. filipjevi under growth room conditions to select the best ones for yield
trials under naturally infested field conditions. Cyst numbers ranged from 8 to 68 and 10 to 47 in bread
wheat and durum wheat, respectively (Figure 6).
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Figure 6. Box and Whisker plot showing the average of cyst nematodes for six cereal crops under growth room
conditions. Data are mean * SE of five replicates (n=5) per crop. Abbreviations stand for: BisqWh-Bisquit Wheat, BW-
Bread Wheat, DW- Durum Wheat.

Cizelge 6. Biiyiitme odas: kosullarinda alti tahil diriinii icin ortalama kist nematodlarini gosteren Box ve Whisker grafigi. Veriler,
iiriin bagina bes tekerriir’iin (n=5) ortalamasidir. Kisaltmalar su anlama gelir: BisqWh-Biskiivilik Bugday, BW-Ekmeklik Bugday,
DW- Makarnalik Bugday.

A total of 164 bread wheat genotypes out of 177 were tested for cereal cyst nematode - H. filipjevi. Murat-1,
Melez, Aldane and 4-22 were found as the most promising genotypes in terms of resistance. Genc-88, Ekiz
and Kinaci-97 were the most susceptible genotypes to H. filipjevi from the tested 56 durum wheat genotypes
against H. filipjevi. The cultivars Yilmaz 98, Mirzabey 2000, Altin 40/98, and Akbasak 073/144 were
identified as the potentially resistant genotypes with the lowest cyst numbers, while Kunduru 414/44,
Gokgol 79, Glineyyildiz, and Berkmen 469 were identified as the most susceptible genotypes with the
highest cyst numbers. Among the triticales tested Tatlicak 97 had the lowest cyst number (#19). Oat
genotypes Seydisehir and Faikbey had the highest cyst numbers among the genotypes tested and grouped
as highly susceptible. Rye genotype Aslim showed moderately susceptible reaction to the cereal cyst
nematode, Heterodera filipjevi. The results from our current study clearly showed that the infection rate and
number of cysts per plant were significantly lower in resistant genotypes. In a similar study, Pariyar et al.
(2016) evaluated the resistance levels of two hundred ninety-one hexaploid wheat accessions (breeding
lines, cultivars, and landraces) originated from 17 different countries against the H. filipjevi. They concluded
that one percent of the wheat accessions were ranked as resistant, and 16% as moderately resistant. In
another study carried out by (Dababat et al., 2014), 719 hexaploid wheat lines with a broad geographical
spectrum originated from Europe and Central Asia provided through International Winter Wheat Program
at CIMMYT were evaluated against H. filipjevi. According to their results, 15.8% and 12.5% of the screened
genotypes were found resistant and moderately resistant, respectively. In the current study, 13% of bread
wheat genotypes were found R-MR for the nematode whereas all durum wheat varieties and other cereal
crops were identified as susceptible to H. filipjevi. In the present study, the wide range of Turkish wheat
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varieties tested against both organisms under multiple test environments (growth room, greenhouse
and/or field) in Tiirkiye is reported here in for the first time (Table 2). In all test environments, disease
expression was observed well and clearly differentiated. Soil borne diseases are difficult to work with as
the roots are below ground and symptoms appear when the disease is advanced. There are a variety of
management strategies that have been studied to control root rots such as rotation with non-host crops,
stubble-burning and integrated management (Cook, 2001). Although many studies on identifying resistant
genotypes for root diseases are available, there are just a few partially resistant genotypes that have been
reported globally (Chakraborty et al., 2006; Liu et al., 2015, Gebremariam et al 2020). To date, a wide range
(thousands) of wheat genotypes/lines originated from more than 30 countries including Tiirkiye have been
tested against soil borne pathogens in terms of their resistance by the CIMMYT-SBP program in Tiirkiye
with the Turkish Ministry of Agriculture and Forestry (Dababat et al., 2014; Erginbas-Orakci et al., 2018).
In our study, wheat varieties registered by Turkish Agricultural Research Institutes and by private sector
have been evaluated. The purpose of this study was to identify genetic resistance to both Fusarium culmorum
and Heterodera filipjevi on cereal crops which are the principal disease causal agents in Tiirkiye. In our
screening tests, Turkish varieties showed different reactions to the test organisms. Currently, there are no
known effective sources of resistance against dryland crown and root rots available in commercially grown
varieties. Growing resistant cultivars not only will reduce yield loss of the crop itself but also yield loss in
other cereal crops by reducing the inoculum level. Effective breeding of resistant genotypes needs quality
sources of resistance and understanding the genetics may help the breeding efficiency. In further studies,
the promising wheat accessions can be included in a genome-wide association study to identify loci/genes
conferring resistance to F. culmorum and H. filipjevi.
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Table 2. Mean disease ratings of Turkish cereal varieties tested for the Crown rot (Fusarium culmorum) and cereal cyst nematode (Heterodera filipjevi) under controlled and/or field
conditions

Cizelge 2. Kokbogazi ¢lrikligu (Fusarium culmorum) ve tahil kist nematodu (Heterodera filipjevi) icin kontrolli ve/veya tarla kosullarinda test edilen Tirk tahil cesitlerinin ortalama
hastalik derecelendirmeleri

Typ  CR- CR- CR- SE- SE- CR-RR- CR-RR-  CR-RR- CCN- SE- CCN-
# Variety name Applicant Name Tescil Tarihi e FF GH GR SE-FF GH GR FF GH GR GR CCN RR
1 Ankara 093/44 Tarla Bitkileri Merkez Ars.Ens. Mud. 1950 BW 4.4 2.8 36 242 1.52 0.45 HS MS S 346 8.26 S
2 Kose 220/39 Tarla Bitkileri Merkez Ars.Ens. Mud. 1939 BW 4.5 2.5 33 2.45 134 0.55 HS MS S 276 598 MS
3 Sivas 111/33 Tarla Bitkileri Merkez Ars.Ens. Mud. 1936 BW 35 2.8 3.2 1.90 1.52 0.55 S MS S 32.0 412 S
4 Stirak M. 1593/51 Tarla Bitkileri Merkez Ars.Ens. Mud. 1968 BW 4.5 33 26 243 1.87 0.45 HS S MS 37.8 3.56 S
5 Haymana 79 Tarla Bitkileri Merkez Ars.Ens. Mid. 1979 BW 4.5 3.0 2.6 2.45 1.64 0.55 HS S MS 442 6.22 HS
6 Gin-91 Tarla Bitkileri Merkez Ars.Ens. Mid. 26.04.1991 BW 4.5 35 2.5 243 1.64 0.55 HS S MS 39.0 6.89 S
7 ikizce 96 Tarla Bitkileri Merkez Ars.Ens. Mid. 16.04.1996 BW 2.4 37 1.5 132 1.87 0.55 MS S MR 29.2 3.77 MS
8 Mizrak Tarla Bitkileri Merkez Ars.Ens. Mid. 12.05.1998 BW 35 2.8 2.3 1.91 1.64 0.45 S MS MS 36.0 7.58 S
9 Turkmen Tarla Bitkileri Merkez Ars.Ens. Mud. 12.05.1998 BW 1.5 2.3 29 0.86 134 0.00 MR MS MS 33.2 415 S
10 Uzunyayla Tarla Bitkileri Merkez Ars.Ens. Mud. 12.05.1998 BW 34 2.5 29 1.90 1.34 0.45 S MS MS 32.0 453 S
11 Yakar-99 Tarla Bitkileri Merkez Ars.Ens. Mud. 26.04.1999 BW 2.4 2.2 2.2 1.33 1.34 0.00 MS MS MS 222 438 MR
12 Aksel 2000 Tarla Bitkileri Merkez Ars.Ens. Mud. 28.04.2000 BW 2.5 23 32 1.35 134 0.55 MS MS S 25.8 6.22 MR
13 Bayraktar 2000 Tarla Bitkileri Merkez Ars.Ens. Mid. 28.04.2000 BW 35 2.5 23 1.94 1.10 0.55 S Ms MS 352 6.50 S
14 Demir 2000 Tarla Bitkileri Merkez Ars.Ens. Mid. 28.04.2000 BW 2.5 2.2 2.3 136 1.10 0.45 MS MS MS 28.2 5.54 MS
15 Ath-2002 Tarla Bitkileri Merkez Ars.Ens. Mid. 05.05.2002 BW 35 4.5 2.4 1.94 241 0.55 S HS MS 37.0 557 S
16 Zencirci-2002 Tarla Bitkileri Merkez Ars.Ens. Mid. 12.05.2002 BW 4.5 2.5 3.6 247 1.34 0.55 HS MS S 25.6 241 MR
17 Eser Tarla Bitkileri Merkez Ars.Ens. Mud. 02.05.2003 BW 35 33 15 1.90 1.87 0.55 S S MR 40.0 587 HS
18 Seval Tarla Bitkileri Merkez Ars.Ens. Mud. 01.04.2004 BW 34 33 37 1.90 2.05 0.00 S S S 24.4 16.83 MR
19 Tosunbey Tarla Bitkileri Merkez Ars.Ens. Mud. 01.04.2004 BW 2.5 1.7 2.2 1.35 1.00 0.45 MS MR MS 32.8 415 S
20 Kenanbey Tarla Bitkileri Merkez Ars.Ens. Mud. 06.04.2009 BW 25 45 2.6 1.36 241 0.55 MS HS MS 39.2 432 S
21 Lutfibey Tarla Bitkileri Merkez Ars.Ens. Mid. 30.03.2010 BW 4.5 35 2.2 2.50 1.87 0.00 HS S MS 416 7.16 HS
22 4-11 Gegit Kusagi Tarimsal Arst.Enst.Mud. 1952 BW 43 3.3 35 2.37 2.05 0.55 HS S S 40.8 4.02 HS
23 4-22 Gegit Kusagi Tarimsal Arst.Enst.Mud. 1966 BW 4.4 3.0 23 242 1.64 0.45 HS S MS 17.0 2.55 R
24 P 8-6 Gegit Kusagi Tarimsal Arst.Enst.Mud. 1966 BW 34 35 2.0 1.84 1.87 0.55 S S MR 19.8 2.59
25 P 8-8 Gegit Kusagi Tarimsal Arst.Enst.Mud. 1966 BW 44 33 14 2.37 1.87 0.55 HS S MR 418 277 HS
26 Melez13 Gegit Kusagi Tarimsal Arst.Enst.Mud. 1944 BW 35 33 36 1.88 1.64 0.55 S S S 13.6 1.52 R
27 Ak 702 Gegit Kusagi Tarimsal Arst.Enst.Mud. 1931 BW 2.4 33 33 1.32 1.87 0.55 MS S S 50.4 3.44 HS
28 Sertak52 Gegit Kusagi Tarimsal Arst.Enst.Mud. 1936 BW 35 35 2.4 1.86 2.05 0.55 S S MS 19.2 3.63 R
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Gul Erginbas ORAKCI, Abdullah Taner KILINC, Salah Laasli EDDINE, Fouad MOKRINI, Abdelfattah Adnan DABABAT

60 Kirkpinar 79 Trakya Tarimsal Arastirma Ens.Mid. 1979 BW 35 32 2.4 1.85 1.52 0.55 S S MS 326 2.41 S
61 Murat-1 Trakya Tarimsal Arastirma Ens.Mid. 1991 BW 1.5 1.5 1.8 0.81 2.05 0.55 MR MR MR 134 1.67 R
62 Kate A-1 Trakya Tarimsal Arastirma Ens.Mid. 26.04.1988 BW 35 35 24 1.92 1.64 0.55 S S MS 8.6 1.67 R
63 Pehlivan Trakya Tarimsal Arastirma Ens.Mid. 12.05.1998 BW 34 33 35 1.90 1.00 0.55 S S S 18.6 3.58 R
64 Prostor Trakya Tarimsal Arastirma Ens.Mid. 26.04.1999 BW 35 2.2 1.8 1.89 2.05 0.00 S Ms MR 48.0 2.74 HS
65 Saroz 95 Trakya Tarimsal Arastirma Ens.Mud. 26.04.1999 BW 2.5 13 2.7 1.40 1.87 0.00 MS MR MS 20.0 1.22 MR
66 Atilla-12 Trakya Tarimsal Arastirma Ens.Mud. 24.04.2001 BW 1.5 2.0 2.5 0.82 1.10 0.55 MR MR MS 416 6.02 HS
67 Saraybosna Trakya Tarimsal Arastirma Ens.Mid. 24.04.2001 BW 2.5 32 34 131 0.84 0.55 MS S S 27.4 1.82 MS
68 Gelibolu Trakya Tarimsal Arastirma Ens.Mid. 30.03.2005 BW 1.5 35 1.6 0.82 134 0.55 MR S MR 29.0 13.80 MS
69 Tekirdag Trakya Tarimsal Arastirma Ens.Mid. 30.03.2005 BW 2.4 2.7 2.2 132 1.64 0.00 Ms Ms MS 49.4 5.22 HS
70 Aldane Trakya Tarimsal Arastirma Ens.Mid. 06.04.2009 BW 34 2.8 34 1.89 1.87 0.55 S MS S 14.4 2.88 R
71 Selimiye Trakya Tarimsal Arastirma Ens.Mud. 06.04.2009 BW 44 2.8 33 243 1.34 0.55 HS MS S 394 2.70 S
72 Bereket Trakya Tarimsal Arastirma Ens.Mud. 30.03.2010 BW 15 3.0 2.7 0.83 1.64 0.45 MR S MS 23.4 2.07 MR
73 Lancer Dogu Anadolu Tarimsal Arastirma Ens. M. 1977 BW 34 2.7 36 1.85 1.64 0.45 S MS S 24.6 1.67 MR
74 Dogu 88 Dogu Anadolu Tarimsal Arastirma Ens. M. 10.04.1990 BW 2.5 17 35 137 2.19 0.55 MS MS S 32.2 2.17 S
75 Karasu 90 Dogu Anadolu Tarimsal Arastirma Ens. M. 16.04.1990 BW 2.5 32 25 137 1.64 0.55 MS S MS 40.4 2.07 HS
76 Palandoken 97 Dogu Anadolu Tarimsal Arastirma Ens. M. 06.05.1997 BW 16 3.0 3.4 0.86 1.00 0.55 MR S S 40.2 164 HS

Dogu Anadolu Tarimsal Arastirma Ens.

77 Alparslan Miid. 24.04.2001 BW 15 23 28 0.82 1.87 0.00 MR S MS 22 311 HS
78 Nenehatun Dogu Anadolu Tarimsal Arastirma Ens. M. 24.04.2001 BW 2.5 33 3.2 1.39 1.64 0.55 MS S S 374 1.14 S
79 Daphan Dogu Anadolu Tarimsal Arastirma Ens. M. 2002 BW 4.4 33 2.1 2.41 134 0.45 HS S MS 36.0 1.58 S
80 Yildirrm Dogu Anadolu Tarimsal Arastirma Ens. M. 02.05.2002 BW 2.4 32 27 1.33 1.87 0.45 MS S MS 38.2 0.84 S
N GAP Uluslar arasi Tarimsal Aras. Ve Egitim
81 Karacadag 98 Merk. Miid./Diyarbakir 12.05.1998 BW 25 22 35 137 1.87 055 MS MS S 398 239 S
GAP Uluslar arasi Tarimsal Aras. Ve Egitim
82 Nurkent Merk. Miid./Diyarbakir 24.04.2001 BW 24 22 19 1.33 1.87 045 MS MS MR 370 235 S
GAP Uluslar arasi Tarimsal Aras. Ve Egitim
8 Cemre Merk. Md./Diyarbakir 02042008 BW 35 33 34 M98 130 g5 > > s 588 268 Hs
- Misir Arastirma istasyonu Miid. CIMMYT-
84 Inia 66 INIA 1966 BW 25 2.0 41 1.39 1.10 055 MS MR us 386 167 S
85 Bezostaja 1 Misir Aragtirma istasyonu Miid. 19.03.1968 BW 4.4 3.2 33 2.36 1.87 0.55 HS S S 37.8 3.03 S
86 Bandirma 97 Misir Arastirma istasyonu Mad. 06.05.1997 BW 35 33 26 1.88 1.10 0.55 S S MS 48.6 2.70 HS
87 Karacabey 97 Misir Aragtirma istasyonu Miid. 06.05.1997 BW 35 3.0 3.2 1.94 179 0.55 S S S 38.0 2.12 S
88 Pamukova 97 Misir Arastirma istasyonu Mad. 06.05.1997 BW 4.5 2.2 45 2.48 1.87 0.55 HS MS HS 36.6 2.07 S
89 Momtchill Misir Arastirma istasyonu Mid. 28.04.2000 BW 4.4 3.0 4.0 237 1.64 0.55 HS S HS 48.8 2.59 HS
90 Tahirova 2000 Misir Arastirma Istasyonu Miid. 28.04.2000 BW 2.5 32 1.9 1.36 134 0.55 MS S MR 29.8 1.92 MS
91 Beskopri Misir Arastirma Istasyonu Miid. 05.04.2007 BW 24 2.0 33 132 1.64 0.55 MsS MR S 57.8 2.86 HS
92 Hanli Misir Arastirma Istasyonu Miid. 05.04.2007 BW 4.4 2.3 37 243 1.87 0.45 HS MS S 29.2 3.35 MS
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Misir Arastirma istasyonu Miid.Karadeniz

93 Sakin Tanmsal Ars Enst. Mid. 02.05.2002 BW 2.5 23 38 132 1.10 0.00 MS MS S 59.0 418 HS
94 Canik 2003 Karadeniz Tarimsal Ars.Enst. Mud. 02.05.2003 BW 34 3.7 NA 1.89 1.34 NA S S . 38.4 4.67 S
95 Ozcan %‘;:f;’fi‘g:;:t:zg”” Mud.Karadeniz 01.04.2004 BW 45 3.0 ae 252 13 HS s . 254 51 S
96 Koksal-2000 Uludag Universitesi Ziraat Fakiiltesi 24.04.2001 BW 35 38 3.8 1.93 2.05 0.00 S S S 25.6 483 MR
97 Turan Prof.Dr.Turan TATLIOGLU 24.04.2001 BW 4.4 2.0 1.8 2.38 1.64 0.00 HS MR MR 45.4 3.65 HS
98 Martar Prof.Dr.Turan TATLIOGLU 24.04.2001 BW 34 2.5 35 1.88 2.19 0.55 S MS S 428 7.12 HS
99 Cumbhuriyet 75 Ege Tarimsal Aras. Ens. Mid. 13.05.1976 BW 2.5 2.5 3.2 133 1.10 0.55 Ms Ms S 28.2 5.89 MS
100 Ata-81 Ege Tarimsal Aras. Ens. Mid. 1982 BW 34 2.7 34 1.89 134 0.55 S MS S 45.0 11.29 HS
101 izmir 85 Ege Tarimsal Aras. Ens. Mud. 1985 BW 24 2.0 3.0 133 1.52 0.00 MS MR S 278 5.07 MS
102 Marmara 86 Ege Tarimsal Aras. Ens. Md. 1986 BW 35 1.8 2.5 1.89 134 0.55 S MR MS 39.0 579 S
103 Kaklic 88 Ege Tarimsal Aras. Ens. Md. 1988 BW 2.4 2.5 17 1.29 1.00 0.00 MS MS MR 448 432 HS
104 Basri Bey 95 Ege Tarimsal Aras. Ens. Miid. 20.04.1995 BW 34 3.0 3.5 1.88 1.00 0.55 S S 37.0 5.00 S
105 Kasif Bey 95 Ege Tarimsal Aras. Ens. Mid. 20.04.1995 BW 2.5 35 37 132 1.52 0.00 MS S 434 532 HS
106 Gdnen 98 Ege Tarimsal Aras. Ens. Mid. 12.05.1998 BW 35 1.0 3.2 1.94 1.64 0.55 S 36.2 1.64 S
107 Ziyabey 98 Ege Tarimsal Aras. Ens. Mid. 12.05.1998 BW 35 3.0 3.6 1.94 2.05 0.45 S S S 374 550 S
108 Meta 2002 Ege Tarimsal Aras. Ens. Mld. 02.05.2002 BW 4.4 2.5 39 2.39 0.55 0.00 HS MS S 37.8 2.68 S
109 Alibey Ege Tarimsal Aras. Ens. Md. 01.04.2004 BW 35 33 35 1.91 1.64 0.55 S S S 37.0 453 S
110 Menemen Ege Tarimsal Aras. Ens. Md. 01.04.2004 BW 24 2.0 2.8 1.31 1.52 0.00 MS MR MS 394 5.13 S
111 Cukurova 86 Gukurova Universitesi Ziraat Fakdltesi 1986 BW 34 2.2 36 1.86 1.87 0.45 S MS S 36.0 3.94 S
112 Dodankent 1 Dogu Akdeniz Tarimsal Ars.Enst.Mid. 20.04.1991 BW 4.4 32 38 242 1.10 0.00 HS S S 324 7.23 S
113 Seri 82 Gukurova Universitesi Ziraat Fakiiltesi 26.04.1991 BW 4.4 3.0 38 242 1.10 2.19 HS S S 46.0 7.75 HS
114 Seyhan 95 Cukurova Universitesi Ziraat Fakdiltesi 1995 BW 35 35 35 1.90 1.87 0.55 S S S 38.8 4.09 S
115 Adana-99 Dogu Akdeniz Tarimsal Ars.Enst.M{d. 26.04.1999 BW 35 33 34 1.94 1.64 0.55 S S 46.0 7.38 HS
116 Ceyhan-99 Dogu Akdeniz Tarimsal Ars.Enst.M{d. 25.04.1999 BW 2.5 35 35 1.35 2.05 0.55 MS S S 304 6.66 MS
117 Balattila Cukurova Universitesi Ziraat Fakdiltesi 28.04.2000 BW 34 2.8 36 1.86 1.87 0.55 S MS S 33.0 4.42 S
118 Pandas (Panda) Cukurova Universitesi Ziraat Fakdiltesi 24.04.2001 BW 35 2.3 35 1.89 1.87 0.55 S MS S 49.0 1142 HS
119 Yiregir-89 Cukurova Universitesi Ziraat Fakdiltesi 02.05.2002 BW 34 2.7 4.0 1.87 1.64 0.45 S MS HS 36.8 4.44 N
120 Karatopak Dogu Akdeniz Tarimsal Ars.Enst.Mud. 14.04.2006 BW 25 23 3.8 1.35 1.34 0.00 MS MS S 36.6 17.71 S
121 Osmaniyem Cukurova Universitesi Ziraat Fakdiltesi 14.04.2006 BW 4.4 2.7 35 2.39 1.64 0.55 HS MS S 298 497 MS
122 Abusbey GAP-EYAM/SURF unknown BW 3.5 2.5 35 1.89 134 055 S MS S 374 462 S
123 Geng 88 Gukurova Universitesi 1988 BW 35 2.7 33 1.86 134 0.55 S MS S 61.4 8.96 HS
124 Geng-99 Gukurova Universitesi 1999 BW 35 2.7 38 1.89 1.52 0.55 S MS S 38.0 7.31 S
125 Dariel Hazera Tohumculuk ve Tic. A.S. 02.05.2002 BW 44 37 24 2.38 134 0.55 HS S MS 55.0 9.92 HS
126 Galil Hazera Tohumculuk ve Tic. A.S. 02.05.2002 BW 44 3.0 34 2.47 1.52 0.55 HS S S 46.0 8.92 HS
127 Negev Hazera Tohumculuk ve Tic. AS. 02.05.2002 BW 45 2.0 2.8 2.41 2.19 0.55 HS MR MS 29.0 453 MS
———
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128 Carisma Tasaco Tarim Sanayi ve Tic.Ltd.Sti. 08.04.2011 BW 35 32 15 1.92 1.64 0.55 S S MR . . .
129 Esperia Tasaco Tarim Sanayi ve Tic.Ltd.Sti. 08.04.2011 BW 4.4 2.7 33 2.37 1.10 0.55 HS Ms S 32.2 5.81 S
130 Sagittario Tasaco Tarim Sanayi ve Tic.Ltd.Sti. 24.04.2001 BW 35 3.0 38 1.92 1.87 0.00 S S S 458 3.70 HS
131 Axis Tasaco Tarim Sanayi ve Tic.Ltd.Sti. 2003 BW 4.4 2.7 34 2.37 1.52 0.55 HS MS S 39.6 513 S
132 Alacris Tasaco Tarim Sanayi ve Tic.Ltd.Sti. 2005 BW 24 2.8 34 130 1.64 0.55 MS MS S 316 16.59 S
133 Bone de Tasaco Tarim Sanayi ve Tic.Ltd.Sti. 12.04.2013 BW 1.5 2.0 2.8 0.83 1.52 0.00 MR MR MS 41.0 9.95 HS
134 Krasunia Marmara Tohum Gelistirme A.S. 02.04.2008 BW 4.4 38 35 245 1.64 0.55 HS S S 22 942 HS
135 Sirena Odeska Marmara Un 02.04.2008 BW 1.6 35 34 0.84 1.10 0.55 MR S S 436 11.87 HS
136 Nota Marmara Un 12.04.2013 BW 2.5 33 2.6 134 2.19 0.55 MS S MS 39.2 1.92 S
137 Yubileynaya Marmara Un 12.04.2013 BW 35 35 NA 1.91 2.05 NA S S . 436 10.53 HS
138 Ozdemirbey—97 Sapeksa / Adana 2003 BW 3.0 2.2 35 1.64 2.05 0.55 S MS S 472 6.46 HS
139 Bancal Fito Tohumculuk 1996 BW 4.4 32 14 2.40 2.05 0.55 HS S MR 53.0 6.60 HS
140 Pinzon Fito Tohumculuk 08.04.2011 BW 35 2.7 3.5 1.91 1.34 0.55 S MS S 44.0 10.86 HS
141 Flamura 85 Tareks Tar.Ur. A. G. ith.Ihr.TicAS. 26.04.1999 BW 15 3.0 29 0.84 1.64 0.55 MR S MS 58.2 6.69 HS
142 Dropia Tareks Tar.Ur. A. G. ith.Ihr.TicAS. 02.05.2003 BW 4.4 33 1.8 2.39 1.52 0.55 HS S MR 48.0 4.18 HS
143 Golia Tarim isletmeleri Genel Mudurligi 26.04.1999 BW 35 33 36 1.88 1.64 0.45 S S 38.0 3.39 S
144 Guadalupe Tarnim isletmeleri Genel Mudurligi 05.04.2007 BW 35 33 4.0 1.90 1.87 0.45 S HS 60.0 5.00 HS
145 Tina gﬁ;’;ﬁ't“t Dd Zagreb Turkiye Ankara 30032005  BW 24 15 g 130 e oo MS MR Vs 195 638 HS
146 Nina gﬁ;’;ﬁ't“t Dd Zagreb Turkiye Ankara 3003.2005 ~ BW 44 33 5, 236 187 HS s s 74 207 HS
147 Claudio Progen Tohum AS. 08.04.2011 BW 4.4 1.8 34 2.41 0.84 0.55 HS MR S . . .
148 Bezostaja 1 Ozbugday Tar. isl. ve Toh. A.S 30.03.2010 BW 2.5 32 17 1.33 1.87 0.45 MS S MR 35.8 4.09 S
149 Vittorio Progen Tohum AS. 17.04.2012 BW 24 23 3.9 1.35 134 000 MS MR S 57.2 5.40 HS
150 Mane Nick ;ﬂ’ﬁz&r_‘;"h“m Islah ve Uretim 08.04.2011 BW 35 20 5, ter e o s MR . 49 207 HS
151 Quality Ata Tohumculuk 17.04.2012 BW 35 3.2 1.9 1.94 1.10 0.45 S S MR 30.8 3.90 MS
152 Geyal | Kartas Tarim Uriinleri Tic. Ltd. Sti 08.04.2011 BW 35 2.7 37 1.94 1.10 0.55 S MS S 33.0 3.46 S
153 May8059 May-Agro Tohumculuk San ve Tic A.S. 17.04.2012 BW 35 1.3 2.4 1.91 1.87 0.55 S MR MS 274 4.22 MS
154 May 8462 May-Agro Tohumculuk San ve Tic A.S. 30.03.2010 BW 2.5 32 2.8 137 1.34 0.00 MS S MS 394 4.16 S
155 Anapo Pioneer Tohumculuk A.S. 08.04.2011 BW 35 2.5 23 191 0.84 0.45 S MsS MS 54.0 5.92 HS
156 Yunak Trakya Tarim 06.04.2009 BW 35 3.0 1.8 1.91 1.87 0.71 S S MR 30.2 4.15 MS
157 Kaan Trakya Tarim ve Vet Tic. Ltd.Sti. 06.04.2009 BW 2.5 2.7 12 1.35 1.52 0.55 MS MS MR 26.0 418 MS
158 Hakan Trakya Tarim ve Vet Tic. Ltd.Sti. 06.04.2009 BW 2.5 2.7 35 134 1.64 0.55 MS MS S 236 2.70 MR
159 TT-601 Trakya Tarim 30.03.2010 BW 2.5 2.7 30 1.35 1.64 0.55 MS MS S 354 4.04 S
160 Rumeli Trakya Tarim 17.04.2012 BW 35 35 34 1.94 1.64 0.55 S S S 31.8 3.83 S
161 Turkuaz Trakya Tarim 17.04.2012 BW 44 33 2.8 2.38 1.64 0.00 HS S MS 31.2 3.56 S
162 Tekira Trakya Tarim unknown BW 2.5 23 2.5 1.36 2.05 0.55 MsS MsS MS 44.2 3.90 HS
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GAP Uluslar arasi Tarimsal Aras. Ve Egitim

194 Firat-93 Merk. Miid./Diyarbakir 02.05.2002 DW 4.4 3.0 2.5 0.029 1.64 0.55 HS MS MS 263 383 MS
GAP Uluslar arasi Tarimsal Aras. Ve Egitim
195 Artuklu Merk. Miid./Diyarbakir 02.04.2008 DW 44 3.0 2.9 0.076 1.64 0.00 HS MS MS 2.7 4.40 MS
. GAP Uluslar arasi Tarimsal Aras. Ve Egitim
196 Eyyubi Merk. Miid./Diyarbakir 02.04.2008 DW 35 35 36 0.050 1.87 0.55 MS S S 19.1 404 MS
. GAP Uluslar arasi Tarimsal Aras. Ve Egitim
197 Sahinbey Merk. Miid./Diyarbakir 02.04.2008 DW 35 2.5 3.0 0.076 134 0.00 MS MS MS 295 465 MS
- GAP Uluslar arasi Tarimsal Aras. Ve Egitim
198 Zihre Merk. Miid./Diyarbakir 30.03.2010 DW 4.5 33 32 0.076 1.87 0.55 HS S S 211 269 MS
. GAP Uluslar arasi Tarimsal Aras. Ve Egitim
199 Guneyyildiz Merk. Miid./Diyarbakir 30.03.2010 DW 35 1.8 36 0.050 1.00 0.55 MS MR S 447 611 MS
200 Gediz-75 Ege Tarimsal Aras. Ens. Mid. 13.05.1976 DW 4.6 33 34 0.173 1.87 0.55 HS S S 19.0 275 MS
201 Ege 88 Ege Tarimsal Aras. Ens. Md. 26.04.1988 DW 34 32 33 0.000 1.64 0.55 MS S S 25.4 474 MS
202 Salihli 92 Ege Tarimsal Aras. Ens. Mid. 12.05.1992 DW 44 32 37 0.104 1.64 0.45 HS S S 126 6.98 MS
203 So6len 2002 Ege Tarimsal Aras. Ens. Mid. 02.05.2002 DW 44 37 2.3 0.100 2.19 0.45 HS S MS 36.5 430 MS
204 Tuten 2002 Ege Tarimsal Aras. Ens. Mid. 02.05.2002 DW 3.1 33 2.0 0.000 1.87 0.55 MS S MR 30.9 8.02 MS
205 GAP Ege Tarimsal Aras. Ens. Mid. 01.04.2004 DW 4.5 2.2 2.0 0.104 1.34 0.55 HS MS MR 204 3.57 MS
206 Turabi Ege Tarimsal Aras. Ens. Mid. 01.04.2004 DW 35 35 38 0.050 2.05 0.45 MS S S 20.6 3.10 MS
207 Sham-1 Gukurova Universitesi Ziraat Fakiiltesi 26.04.1991 DW 35 2.5 1.6 0.058 1.64 0.55 MS MS MR 43.6 4.88 MS
208 Amanos-97 Cukurova Universitesi Ziraat Fakdiltesi 06.05.1997 DW 4.4 33 3.1 0.153 1.87 0.00 HS S S 407 8.42 MS
209 Fuatbey 2000 Cukurova Universitesi Ziraat Fakdiltesi 28.04.2000 DW 4.5 3.2 3.2 0.202 1.64 0.45 HS S S 40.1 4.04 MS
210 Balcali 2000 Cukurova Universitesi Ziraat Fakdiltesi 28.04.2000 DW 35 3.2 35 0.029 1.64 0.55 MS S S 212 262 MS
GAP Tarimsal Arastirma Enstitiist
211 Akgakale-2000 Miid,/Sanhurfa 02.05.2002 DW 4.5 3.0 34 0.173 1.64 0.55 HS MS S 333 550 MS
212 Alibaba GAP-EYAM/SURF 2010 DW 4.4 4.2 2.2 0.126 241 0.71 HS HS MS 327 5.12 MS
. GAP Tarimsal Arastirma Enstitlisi
213 Glndas Mad./Sanhurfa 17.04.2012 DW 44 4.2 38 0.173 241 0.55 HS HS S 207 236 MS
214 Ozberk Harran Universitesi Ziraat Fakiiltesi 30.03.2005 DW 4.4 33 17 0.208 2.05 0.55 HS S MR 15.6 1.90 MS
215 Urfa 2005 Harran Universitesi Ziraat Fakiiltesi 30.03.2005 DW 4.4 3.5 34 0.076 2.05 0.55 HS S S 14.6 1.96 MS
216 Pinar-2001 Uludag Universitesi Ziraat Fakltesi 24.04.2001 DW 4.4 3.0 17 0.050 1.64 0.00 HS MS MR 422 7.50 MS
217 Zenit Tasaco Tarim Sanayi ve Tic.Ltd.Sti. 24.04.2001 DW 4.4 43 3.1 0.104 241 0.00 HS HS S 384 445 MS
218 Svevo Tasaco Tarim Sanayi ve Tic.Ltd.Sti. 24.04.2001 DW 4.5 1.8 2.2 0.144 1.00 0.55 HS MR MS 17.2 2.94 MS
219 Levante Tasaco Tarim Sanayi ve Tic.Ltd.Sti. 08.04.2011 DW 35 2.7 37 0.050 1.52 0.45 MS MS S 1.7 4.45 MS
220 Saragolla Tasaco Tarim Sanayi ve Tic.Ltd.Sti. 08.04.2011 DW 4.5 3.8 32 0.153 2.19 0.55 HS S S 254 8.93 MS
221 Burgos Fito Tohumculuk 08.04.2011 DW 34 37 33 0.076 2.05 0.00 MS S S 15.9 2.42 MS
222 Durbel Fito Tohumculuk unknown DW 4.5 3.5 1.6 0.153 2.05 0.55 HS S MR 18.4 3.60 MS
223 Presto Gegit Kusagi Tarimsal Arst.Enst.Mud. 1989 Trt 35 32 14 0.132 1.64 0.55 S S MR
224 Karma 2000 Gegit Kusagi Tarimsal Arst.Enst.Mud. 2000 Tt 34 2.7 2.5 0.189 1.52 0.55 S MS MS 31.8 5.81 MS
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Cilekte Verticillium dahliae’ya Kars1 Biyoetmen Olarak Clonostachys Tiirlerinin Etkileri *

Effects of Clonostachys Species as Biocontrol Agents Against Verticillium dahliae on Strawberry

Tuba Geng Kesimci'*' Erkol Demirci?

Gelis Tarihi (Received): 04.07.2022 Kabul Tarihi (Accepted): 19.10.2022 Yayin Tarihi (Published): 15.12.2022

Oz: Cilek bitkilerinde solgunluk hastaligima neden olan Verticillium dahliaenmn biyolojik miicadelesinde Clonostachys izolatlarimn test edilmesi bu
¢alisgmanin amacini olusturmustur. Calisma kapsaminda gilek bitkilerinden yapilan izolasyonlar neticesinde 32 adet Clonostachys izolat1 elde edilmistir.
Kiiltiirel, morfolojik ve molekiiler olarak tanilari yapilan bu izolatlarin Clonostachys rosea f. rosea (18 izolat) ve Clonostachys rosea f. catenulata (14 izolat)
alt tiirlerine ait oldugu belirlenmistir. In vitro kosullarda patojen ile C. rosea f. rosea ve C. rosea f. catenulata izolatlar1 arasinda yapilan karsilastirma
sonucunda engelleme oranlarmin iki tiir arasinda 6nemli bir fark olusturmadig: ve biyoetmenlere ait izolatlarin patojenin misel gelisimini engellemede
farkli oranlarda etkiye sahip oldugu tespit edilmistir. Calisma sonucunda elde edilen engelleme oranlari degerlendirildiginde en etkili izolatin %48.95
orani ile C. rosea f. rosea Gr13 oldugu, bu izolat1 %44.75 oranu ile C. rosea f. rosea Gr4’tin takip ettigi belirlenmistir.

Anahtar Kelimeler: Verticillium dahliae, Clonostachys rosea f. rosea, Clonostachys rosea f. catenulata, biyolojik miicadele
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Abstract: This study was conducted to test Clonostachys isolates in the biological control of wilt diseases caused by Verticillium dahliae on strawberry
plants. As a result of the isolations made from strawberry plants, 32 Clonostachys isolates were obtained. Cultural, morphological and molecular
characterization were used for the identification of these isolates. The isolates were identified as Clonostachys rosea f. rosea (18 isolates) and Clonostachys
rosea f. catenulata (14 isolates). It was determined that the inhibition rates were not make a significant difference between the two species in the
comparison of the pathogen with C. rosea f. rosea and C. rosea f. catenulata isolates, and the isolates of biocontrol agents had different percentage of
effects in inhibiting the mycelial growth of the pathogen in in vitro condition. When the inhibition rates obtained as a result of the study were evaluated,
it was determined that the most effective isolate was C. rosea f. rosea Gr13 (48.95%) and C. rosea f. rosea Gr4 (44.75%), respectively.
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GIRIS

Cilek bitkilerinde (Fragaria x ananassa Duch.) Verticillium solgunluk hastaligi, toprak kaynakl: bir patojen
olan Verticillium dahline Kleb. tarafindan olusturulmakta (Diehl vd., 2013; Pegg ve Brady, 2002), etmen 4
farkli kitada 14 bitki familyasina ait ¢ok sayida bitki tiirtinde solgunluk hastalifina neden olmaktadir
(Inderbitzin, 2011). Ekonomik 6neme sahip 400’den fazla bitki tiiriinde hastalik olusturan patojen (Song
vd., 2020), cilek iiretim alanlarinda yaygin olarak bulunmakta ve uygun cevre kosullarinda %80’den fazla
tirtin kayb1 meydana getirmektedir (Meszka ve Bielenin, 2009). Hastalik simptomlari; solgunluk, kloroz,
gelisme geriligi, nekroz ve damarlar arasinda renk acilmasi seklinde ortaya ¢ikmaktadir (Fradin ve
Thomma, 2006). Ayrica cilek bitkilerinin dis ve yash yapraklarinda gostermis oldugu tipik simptomu ile
diger kok ve tag hastaliklarindan ayrilmaktadir (Raffle ve O’Neill, 2006). Bitkinin kok bolgesinden giris
yapan patojen, ksilem iginde olusturdugu konidi ve miselleri ile bitkinin tepe noktalarma kadar
ulasmaktadir (Pegg ve Brady, 2002). Fungusun misellerinin gelisimine tepki olarak ksilem hiicrelerinde jel
ve tylose olusumunun neden oldugu tikaniklik, bitkilerde su akisimi azaltmakta ve su stresine yol
agmaktadir (Mulero-Aparicio vd., 2020). Hastalik dongiisiiniin son evresinde saprofitik yasama giren
patojen, tarim alanlarinda esas inokulum kaynagi olan mikrosklerotiumlarini olusturmakta ve bu
mikrosklerotiumlar toprakta 10 yildan fazla canli kalabilmektedir (Hu vd., 2013; Vallad ve Subbarao, 2008).

Verticillium dahliae gibi toprak kaynakli patojenler ile miicadelede toprak solarizasyonu, toprak
fumigasyonu ve {iiriin rotasyonu patojenin inokulum miktarini azaltarak bu hastalikla miicadeleyi etkin
kilmaktadir (Fradin ve Thomma, 2006). Ancak kiiltiirel 6nlemlerin alinmamasi, dayanikli gesitlerin
belirlenmemesi (Puri vd., 2021), solarizasyonun iklime bagli olmasi, konukcu sayisinin fazla olmasi
sebebiyle rotasyonun uygulanamamasi hastaligin miicadelesinde karsilasilan zorluklardir. Ayrica,
kimyasallarin agro-ekosistemde kisa ve uzun vadede meydana getirdigi olumsuz etkiler (Berg, 2007)
dogrultusunda kimyasallarin kullanmilmasinin yasaklanmas: (Fradin ve Thomma, 2006; Puri vd., 2021;
Rekanovic vd., 2007) pratik anlamda bu hastalikla miicadeleyi zorlastirmaktadir. Bununla birlikte
Verticillium tiirlerinin genis bir cografik alana yayilim gostermesi ve mikrosklerotiumlarinin toprakta uzun
siire canli kalmasi, parazitik sathay1 ksilemde geciren patojene fungisitlerin ulasamamasi (Grunden vd.,
2001; Tjamos ve Jimenez-Diaz, 1998) bu hastalikla miicadelede istenilen sonuglarin alinmasimi
engellemektedir. Patojenin miicadelesinde karsilasilan tiim bu zorluklar alternatif yonetim stratejilerinin
gelistirilmesine neden olmustur. Biyolojik miicadele, bu yontemler icerisinde en popiiler yontem olarak
dikkat cekmektedir. Son yillarda yapilan bir¢ok calismada biyolojik kontrol etmeni olarak antagonist
mikroorganizmalarin kullanimi arastirilmistir (Mulero-Aparicio vd., 2020). Giinlimiizde bilinen 100
binden fazla fungus tiiri icerisinde (Agrios, 2005), 13 smifa ve 113 cinse ait yaklasik 300 fungal antagonistin
varlig1 ortaya konulmus ve biyolojik miicadele ¢alismalarinda 6ne ¢ikan canli grubunu olusturmustur
(Thambugala vd., 2020). Bu tiirler igerisinde Gibellulopsis nigrescens (Zhu vd., 2013), Talaromyces flavus (Madi
vd., 1997; Naraghi vd., 2010), Glomus mosseae, Glomus intraradices (Demir vd., 2015), Trichoderma harzianum
(Mirmaijlessi vd., 2016), Trichoderma virens, Trichoderma viride, (Jabnoun-Khiareddine vd., 2009; Panth vd.,
2020), non-patojen Fusarium spp., Fusarium oxysporum (Kowalska, 2021; Veloso ve Diaz, 2012) Verticillium
klebahnii ve Verticillium isaacii (Puri vd., 2021) ve Clonostachys spp. (Alstrom, 2001; Deketelaere vd., 2017;
Gourley ve MacNab, 1964; Keinath vd., 1991; Panth vd., 2020; Rodriguez vd., 2011; Varo vd., 2016) V.
dahliae’nin biyolojik miicadelesinde basar1 sansi yiiksek olan funguslar olarak tespit edilmistir. Diinya
¢apinda yaygin olarak bulunan ve bir¢ok habitatta yasayabilen Clonostachys rosea (sinonim:Gliocladium
roseum) bitki patojenlerine karsi kullanilan etkili antagonistlerden biri olarak ifade edilmektedir
(Chatterton ve Punja, 2009; Gan vd., 2007; Moreira vd., 2016; Sun vd., 2020; Punja vd., 2002). Toprakta
yaygin olarak bulunan Clonostachys tiirlerinin izolasyonlarda yiiksek oranda ¢ikmasi bu fungusun biyolojik
miicadele ¢alismalarinda kullanilma sansini artirmaktadir (Berg, 2007).

Bu calismada, Erzurum ve Erzincan illerine ait farkli lokasyonlardan toplanmuis ¢ilek bitkilerinden yapilan
izolasyonlarda elde edilen Clonastachys izolatlarimin tanmilanmasi ve bu izolatlarin in vitro kosullarda
biyoetmen olarak V. dahliae’ya karsi etkinliginin belirlenmesi amaglanmistir.
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MATERYAL VE METOT

Materyal

Calismada vejetatif uyum gruplar1 (VCG) ile patojeniteleri belirlenmis V. dahliae izolatlar1 (VCG2A-izolat
SU(2)-1, VCG2B-izolat SH(1)-3, VCG4B-izolat SOR-8 ve VCGx-izolat SK5) kullanilmis, bu izolatlardan
SU(2)-1 ve SH(1)-3 Erzincan, SOR-8 ve SK5 Erzurum ilinde cilek bitkilerinden izole edilmistir (Kesimci ve
Demirci, 2020).

Metot

Clonostachys Izolatlarinin Elde Edilmesi

Erzurum (Aziziye, Askale, Pasinler, Oltu ve Yakutiye) ve Erzincan (Merkez, Uziimlii ve Refahiye) illerinde
2008-2010 yillar1 arasinda toplanan cilek bitkilerinden izolasyon calismalar1 yapilmistir. Her bitkinin
govde, yaprak-meyve sapindan 1,5 cm uzunlugunda bitki parcalar: alinmis, gévde parcalarindan dis kistm
uzaklastirilmistir. Bitki parcalar1 %1’lik NaOCl'de 1 dk bekletilerek ytiizeysel dezenfeksiyona tabi tutulmus,
takiben steril saf suda durulanmig ve kurutma kagitlarinda kurutulmustur. izolasyon yapilan bitki
parcalarindan ikiser parca almarak Su Agari (SA) iceren besi ortamina birakilmistir. Inkiibatérde 25°C’de
3-7 gtinlitk bir gelisme periyodundan sonra petriler mikroskopta biyoetmenin varligi yoniinden
incelenmis ve gelisen kolonilerden alinan sporlar steril igne ile Patates Dekstroz Agar (PDA) igeren
besiyerine aktarilarak funguslarin saf bir sekilde gelismesi saglanmaistir.

Tek Spor Izolasyonu ile Clonastachys Izolatlarinin Saflagtirilmast

Cilek bitkilerinden izole edilen Clonastachys izolatlarimn tek spor izolasyonu ile saflastirilmasinda diliisyon
yontemi kullanilmigtir. Bu yontemde her bir izolat icin 2 mL’lik 4 ependorf tiipii steril edilmistir. Tlk
ependorf tiipiine 1000 pL, diger ependorf tiiplerine ise 900 uL steril su birakilmistir. PDA’da saf bir sekilde
gelistirilen Clonastachys kolonilerinden 5 mm ¢apinda alinan misel diski ilk ependorf tiipiine aktarilmis ve
bu tiip 1 dk vortekste karistirilmistir. Ependorf tiipiindeki siispansiyondan steril pipetle 100 puL alinmis ve
icerisinde 900 uL steril su bulunan 2. tiipe konarak 1 dk vortekste karistirilmistir. Bu seyreltme islemi 3 kez
tekrarlanmis ve igerisinde 1000 uL’lik spor konsantrasyonu bulunan son seyreltme, 9 cm ¢apindaki bos
plastik petriye aktarilmis, iizerine ise normal dékiilme sicakligindan biraz daha soguk streptomycin siilfat
(50 mg/L) iceren PDA dokiilmiistiir. Bu petriler inkiibatorde 25°C’de 2-3 giin inkiibe edilmis ve tek spordan
gelisen saf koloniler elde edilmistir. Bu kolonilerden alinan izolatlar PDA besiyerinde gelistirilmistir.
Saflastirilan bu izolatlar PDA igeren test tiiplerde depolanip, calismanin sonraki asamalarinda kullanilmak
tizere +5°C’de muhafaza edilmistir.

Clonostachys Izolatlarimin Kiiltiirel ve Morfolojik Ozelliklerinin Belirlenmesi

Clonostachys izolatlar1 PDA besi ortamina aktarildiktan 10-15 giin sonra besiyerlerindeki koloni morfolojisi
dikkate almarak gruplara ayrilmistir (Hasenekoglu, 1991; Schroers vd., 1999; Schroers, 2001). PDA ve
SA’nda gelistirilen bu izolatlar, mikroskopik olarak incelenmis, her bir izolatin konidi en ve boylar1 (n=50)
100x’te um cinsinden 6l¢iilmiis, izolatlarin penisillat ve vertisillat konidioforlar: 20x’te fotograflanmustir.
Ayrica Clonostachys izolatlar1 PDA, Malt Extract Agar (MEA) ve Czapek Dox Agar (CDA) dan olusan 3
farkli besiyerine aktarilarak biyoetmenin besiyerleri arasindaki gelisim farkliliklar1 gozlemlenmistir.

Clonostachys Izolatlarinin Molekiiler Olarak Tanilanmast

Clonostachys izolatlarinin koloni morfolojileri dikkate alinarak secilen toplamda dort izolatin molekiiler
olarak tanilar1 yapilmistir. DNA izolasyonunda kullanilacak miselleri elde etmek icin izolatlar PDA igeren
petri kaplarinda 25°C'de 7-10 giin gelistirilmistir. Bu kiiltiirlerden 5 mm ¢apinda alinan misel diski 100 ml
Patates Dekstroz Broth (PDB) iceren erlenmayere aktarilarak 4-7 giin 25°C karanlikta inkiibasyona
birakilmis ve takiben fungusun miselyumlar: steril ependorf tiiplerinde toplanmistir. Clonostachys
izolatlarindan genomik DNA izolasyonu, ITS1 ve ITS4 primerleri kullanilarak rDNA-ITS bélgesinin (ITS1,
5.8, ITS2) PCR amplifikasyonu ile baz dizi analizi REFGEN (Ankara Universitesi Teknokent, Ankara,
Tiirkiye) firmasi tarafindan yapilmistir. Elde edilen baz dizileri NCBI (National Center for Biotechnology
Information) veri tabaninda BLAST analizi ile sorgulanmis, izolatlarin tiir tayini yapilirken %99 ve tizeri
sekans benzerlikleri goz 6niinde bulundurulmustur. Her izolata ait baz dizileri BioEdit (Siirtim 7) yazilim1
ile diizenlenmis ve Clustal W algoritmasi kullanilarak hizalanmistir.
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NCBI veri tabanindan baz dizileri elde edilen referans izolatlar (Schroers, 2001) ve uzak tiir olarak da
Sclerotinia minor kullanilarak MEGA (Siiriim 6) yaziliminda uygulanan Neighbor-Joining yontemi ve 1000
bootstrap degeri ile filogenetik aga¢ olusturulmustur. Dort adet Clonostachys izolatinin baz dizileri NCBI
veri tabanina yiiklenmis ve erisim numaralar: alinmaistir.

Verticillium dahliae’ya karst In Vitro’da Yiiriitiilen Biyolojik Miicadele Calismalar

Biyolojik miicadele ¢alismalarinda V. dahline'nin VCG2A, VCG2B, VCG4B ve VCGx gruplarina ait birer
izolat ile izolasyonlar sonucu elde edilen Clonostachys izolatlar1 in vitro’da ikili kiiltiir yontemi ile test
edilerek karsilikli etkilesimin derecesini veren skala degerleri ve engelleme oranlari belirlenmistir.
Denemede oncelikle V. dahliae ve Clonostachys izolatlar1 PDA iceren 9 cm’lik petrilerde 25°C’de 2 hafta
stireyle inkiibasyona birakilmigtir. Gelisen kolonilerden 5 mm ¢apinda kesilen misel diski patojenin yavas
gelisimi dikkate alinarak PDA iceren besi ortamina 2 giin 6nce birakilmistir (Alstrom, 2000). Ardindan
patojenin tam karsisina aralarinda 6 cm olacak sekilde Clonostachys izolat1 birakilmis ve petriler 25°C’de 21
glin inkiibe edilmistir. Kontrol petrilerine ise sadece patojen birakilmis, deneme 3 tekerriirlii olarak
yuriitiilmiistiir. Patojen ile biyoetmen arasindaki karsilikhi etkilesimin derecesi Watanabe (1993)iin
belirledigi 0-4 tanimsal skalas1 (0: Patojen %50’den fazla antagonist {izerinde gelismis veya antagonistin
gelisimi petride %50’den daha az,1:Patojen ve antagonistin gelisimi %50 oraninda, 2:Antagonist petriyi
%70’den daha fazla kaplamis, 3:Antagonist petrinin %80’ini kaplamis, 4:Antagonist, petriyi tamamen
kapatmis) kullanilarak belirlenmistir (Sekil 1).

Sekil 1. Verticillium dahliae ile Clonostachys izolatlar1 arasindaki antagonizmin derecesini belirleyen skala
(Watanabe, 1993).

Figure 1. A scale for determining the degree of antagonism between Verticillium dahliae and Clonostachys isolates
(Watanabe, 1993).

Verticillium dahlige izolatlarmin gelisiminin Clonostachys izolatlar1 tarafindan engellenmesi RI= (R1-
R2)/R1x100 formiilii kullanilarak hesaplanmistir (Easa vd., 2011; Royse ve Ries, 1978). Burada; RI (%
Engelleme orani): biiylimenin antagonist tarafindan engellenmesi, R1: patojenin kontrol petrisindeki
koloni yar1 ¢ap1, R2: ikili kiiltiirde patojenin antagonist yoniindeki koloni yar1 capini ifade etmektedir.
Calismada ayni zamanda V. dahliae {izerinde Clonostachys izolatlarinin gelistigi alandan 5 mm’lik misel
diski PDA ve SA’na aktarilmis ve 3-4 giinliik bir gelisme periyodundan sonra petriler etmenin varlig:
yoniinden degerlendirilmistir. Ayrica, patojen ile biyoetmen arasinda mikoparazitik iliskinin olup
olmadigin tespit etmek amaciyla izolatlar SA iceren petri kaplarinda karsilikli olarak eslestirilmis ve
antagonist ile patojenin karsilastig1 hat mikroskopta incelenmistir.

BULGULAR VE TARTISMA

Erzurum ve Erzincan illerinde ¢ilek bitkilerinden yapilan izolasyonlar sonucunda toplam 32 Clonostachys
izolat1 elde edilmistir. Bu izolatlar, klasik ve molekiiler yontemler kullanilarak tanilanmistir. Calisma
sonucunda, izolatlardan 18 tanesinin Clonostachys rosea f. rosea (Link) Schroers, Samuels, Seifert & W. Gams
(syn: Gliocladium roseum), 14 tanesinin ise Clonostachys rosea f. catenulata (Gilman & Abbott) Schroers (syn:
Gliocladium catenulatum) alt tiirlerine ait oldugu belirlenmistir. C. rosea f. rosea izolatlarinin 15 tanesi gilek
bitkilerinin gévde kismindan izole edilirken 3 tanesi meyve veya yaprak sapindan izole edilmigtir. C. rosea
f. catenulata izolatlarinin tiimii ise cilek bitkilerinin gévde kismindan elde edilmistir. C. rosea f. rosea
izolatlar1 Refahiye (8 izolat), Oltu (5), Merkez (3), Uztimlii (1) ve Pasinler (1) ilgelerinden izole edilirken,

——
Uluslararas: Tarim ve Yaban Hayat: Bilimleri https://dergipark.org.tr/tr/pub/ijaws

465


https://dergipark.org.tr/tr/pub/ijaws

Tuba GENG KESIMCI, Erkol DEMIRCi

C. rosea f. catenulata izolatlar1 Refahiye (9), Askale (1), Oltu (1), Uziimlii (1), Yakutiye (1) ve Pasinler (1)
ilgelerinden elde edilmistir.

Clonostachys rosea f. rosea ve Clonostachys rosea f. catenulata Izolatlarinin Kiiltiirel ve Morfolojik
Ozellikleri

Clonostachys rosea f. rosea izolatlarinin petrideki gelisimleri incelendiginde koloni iistiiniin sarimsi beyaz,
acgik turuncu ve pembe renge, koloni altinin ise, sar1 veya pembe renge sahip oldugu goriilmiistiir. Bu
calismada kullanilan C. rosea f. rosea izolatlarinin MEA, PDA ve CDA’dan olusan ii¢ farkli besiyerindeki
gelisimlerinin birbirine nispeten benzerlik gosterdigi saptanmustir (Sekil 2). CDA gelisim hizi olarak C. rosea
f. rosea izolatlarin en hizli gelistigi besiyeri olup, bu besiyerini gelisim hizi olarak MEA ve PDA besi
ortamlari takip etmistir. Konidilerinin hafif uzun, ug kisimlarinin biraz egilmis sekilde yuvarlak oldugu
belirlenmistir. Penisillat ve vertisillat dallanan konidioforlari, diiz ¢eperli olmay1p piiriizlii veya sigilli bir
yap1 gostermistir (Sekil 2). Aym1 zamanda koloni merkezinde daha baskin bir penisillat dallanmanin
oldugu tespit edilmistir. C. rosea f. rosea izolatlarinin konidi boy ve enlerinin dl¢iimleri neticesinde konidi
boyunun ortalama 3.9 um, eninin ise 2.1 pum oldugu tespit edilmistir (Cizelge 1).

Tir - \ 7K70n”irdi(r)f79r Konidi

/ ¢
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.
e
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konidioforlar: ile konidileri (MEA: Malt Extract Agar, PDA: Patates Dekstroz Agar, CDA: Czapex Dox
Agar).

Figure 2. Colony,conidia and conidiophores of Clonostachys rosea f. rosea and Clonostachys rosea f. catenulata on the
various media (MEA: Malt Extract Agar, PDA: Potato Dextroz Agar, CDA: Czapex Dox Agar).

Clonostachys rosea f. catenulata izolatlarinin morfolojik gelisimlerine bakildiginda, karanlikta C. rosea f. rosea
ile benzer bir gelisim gostererek koloni rengi acisindan bir farklilik olusturmadigi gozlemlenmistir. Isik
altina alman kiiltiirlerin ise baglangicta acik zeytinimsi yesil renge, yash kolonilerde ise koyu yesil renge
dontistiigii belirlenmistir. Fungusun PDA ve MEA’daki koloni gelisiminin zeytinimsi renkte, CDA’da ise
pembemsi bir renkte oldugu belirlenmistir (Sekil 2). Bu haliyle CDA’daki koloni morfolojisinin C. rosea f.
rosea ile ayirt edici bir 6zellige sahip olmadig1 saptanmistir. CDA gelisim hiz1 olarak C. rosea f. catenulata
izolatlarinin en hizl gelistigi besiyeri olarak tespit edilmis, bu besiyerini gelisim hiz1 agisindan MEA ve
PDA besiyerlerinin takip ettigi belirlenmistir. Konidileri C. rosea f. rosea konidilerine benzerlik gostermistir.
Konidioforlar1 diiz ¢eperli olmay1p piiriizlii veya sigilli bir yaprya sahip olup, C. rosea f. rosea’da oldugu
gibi penisillat ve vertisillat olmak iizere iki farkl tipte gelismistir (Sekil 2). Ancak C. rosea £. rosea nin koloni
merkezinde baskin olan penisillat dallanmanin, C. rosea f. catenulata’da koloni genelinde daha yogun ve
baskin bir sekilde gelistigi goriilmiistiir. Olgiim yapilan konidi boyutlari degerlendirildiginde konidi
boyunun ortalama 3.8 pm, genisliginin ise 2.2 um oldugu tespit edilmistir (Cizelge 1).
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Cizelge 1. Clonostachys rosea £. rosea ve Clonostachys rosea f. catenulata izolatlarinin konidi boyutlar.
Table 1. The conidia size of isolates of Clonostachys rosea f. rosea and Clonostachys rosea f. catenulata.

. izolat Konidi Boyutu®
Tiir
Numarasi Boy (um) En (um)
Grl (2.4)3.7 (4.9) (1.5)2,2 (2.8)
Gr2 (3.2)4.2 (6.1) (1.6)2.2 (2.9)
Gr3 (3.2)4.4 (5.3) (1.9)2.3 (2.7)
Gr4 (2.2)4.3 (6.3) (1.6) 2.0 (2.3)
Gr5 (2.4)3.3 (4.4) (1.5) 1.9 (2.5)
Gro6 (29)4.1(5.1) (1.6) 1.9 (2.3)
Gr7 (2.2)3.8(5.2) (1.5)2.0 (2.3)
Gr8 (2.5)3.7 (5.2) (1.4) 2.0 (2.6)
Clonostachys rosea f. rosea Grd (27)40(8) (1.5)2.1(2.5)
Grl0 (2.9)3.8 (5.0 (1.4)1.9 (2.4)
Grl1 (3.1)3.9 (5.5) (1.7) 2.1 (2.5)
Grl2 (2.9)3.8 (4.7) (1.8)2.0 (2.3)
Grl3 (3.2)3.9 (4.8) (1.6)2.0 (2.4)
Grl4 (3.2)42(5.4) (1.8) 2.2 (2.5)
Grl5 (2.4)3.5(5.3) (1.6)2.1 (2.7)
Grl6 (2.8)3.6 (4.4) (1.4) 1.9 (2.3)
Grl7 (2.2)3.9 (5.0 (1.8)2.3(2.9)
Grl8 (2.2) 3.7 (4.9) (1.3)2.0 (2.5)
Ortalama (2.2) 3.9 (6.3) (1.3) 2.1 (2.9)
Gcl (2.5)3.7 (5.1) (1.7) 2.1 (2.5)
Ge2 (2.3)3.6 (4.8) (1.7)2.3 (2.8)
Gc3 (2.4) 3.8 (5.5) (1.7) 2.2 (2.6)
G4 (2.1)3.9 (6.2) (1.5)2.1 (2.5)
Gcb (2.6)3.7 (5.2) (1.6) 2.3 (3.1)
Clonostachys rosea f. catenulata Geob (26)4.0 (5.3) (1.9)2.2(25)
Gc7 (2.2) 3.6 (6.0) (1.5)2.2 (2.7)
Gc8 (1.8) 3.5 (5.8) (1.5) 1.9 (2.6)
Gc9 (2.6)3.9 (5.2) (1.7) 2.3 (3.3)
Gcl0 (2.3)4.0 (5.6) (1.3)2.1 (2.9)
Gcell (2.6)3.9 (5.1) (1.5)2.1 (2.6)
Gcl2 (2.7)4.1(6.1) (1.5)2.1(2.7)
Gcl3 (3.1)4.0 (5.5) (1.8)2.4 (2.8)
Gcl4 (2.9)3.9 (5.2) (1.4)2.2 (3.0
Ortalama (1.8) 3.8 (6.2) (1.3)2.2(3.1)

a; Minimum, ortalama ve maksimum deger.

Clonostachys Izolatlarinin Molekiiler Olarak Tanilanmast

Bu calismada cilek bitkilerinden izole edilen ve morfolojik 6zellikleri dikkate almarak iki gruba ayrilan
Clonostachys izolatlar1 arasindan segilen 4 izolatin (Gr3, Gr9, Ge3 ve Gcl0) ITS gen bolgesine gore molekiiler
tanis1 yapilmistir. Calismada elde edilen baz dizilerinin NCBI'da BLAST analizi yapilmis ve izolatlarin baz
dizileri gen bankasina kaydedilerek erisim numaralar1 alinmistir (Cizelge 2). Elde edilen baz dizilerine gore
yapilan sorgulamalarda iki alt tiirii temsilen segilen 4 izolatin gen bankasinda kayitli C. rosea izolatlari ile
%99'un iizerinde sekans benzerligi gosterdigi belirlenmistir. Bu calismada elde edilen sekans verileri ve
referans izolatlar1 (Cizelge 2) arasindaki iliskiyi ortaya ¢ikarmak ve izolatlar1 karsilagtirmak i¢in filogenetik
agac olusturulmustur. Sonug olarak bu calismada elde edilen Clonostachys izolatlarinin ayni grupta yer
aldig1 referans izolatlar (Sekil 3), ayrica koloni morfolojisindeki farkliliklar dikkate alinarak C. rosea f. rosea
ve C. rosea f. catenulata alt tiirlerine ait oldugu tespit edilmistir.
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Cizelge 2. Filogenetik aga¢ yapiminda kullanilan izolatlarin ait oldugu tiirler, izolat numaralari, elde
edildikleri lokasyonlar, konukgular ve gen bankasi erisim numaralari.

Table 2. Species, isolate number, location, host and GenBank accession numbers of isolates used in phylogenetic tree
construction.

Tiir izolat Lokasyon Konuk¢u Erisim
numarasi numarasi
Clonostachys rosea f. catenulata @ Gc3 Refahiye/Erzincan Cilek ONB870907
Clonostachys rosea {. catenulata® Gcl0 Merkez/Erzincan Cilek ON870908
Clonostachys rosea f. rosea® Gr9 Refahiye/Erzincan Cilek ONB870909
Clonostachys rosea {. rosea * Gr3 Refahiye/Erzincan Cilek ONB870910
Clonostachys rosea {. catenulata ® 443.65 ABD Toprak AF358233
Clonostachys rosea f. rosea ® 710.86 Hollanda Toprak AF358235
Clonostachys intermedia® CBS 508.82 Hollanda Toprak AF210682
Sclerotinia minor © YY6 Cin Ginseng kokii MT835249

a; Bu ¢alismadan elde edilen izolatlar.
b; Referans izolatlar.
¢; Uzak tiir.

@ Clonostachys rosea f. catenulata (Gc3)
@ Clonostachys rosea f. catenulata (Gc10)

g9 | Clonostachys rosea f. catenulata (AF358233.1)

o

@ Clonostachys rosea f. rosea (Gr9)

@ Clonostachys rosea f. rosea (Gr3)

Clonostachys rosea f. rosea (AF358235.1)
Clonostachys intermedia (AF210682.1)
Sclerotinia minor (MT835249.1)

—_—
0.05

Sekil 3. Bu calismada elde edilen ve gen bankasindan segilen izolatlar ile Neighbor-Joining yontemi
kullanilarak olusturulan filogenetik agac.

Figure 3. A phylogenetic tree generated by the Neighbor-Joining method using isolates obtained in this study and
selected from the GenBank.

Verticillium dahliae’ya Kars1 In Vitro’da Yiiriitiilen Biyolojik Miicadele Calismalar:

Verticillium dahliae ile Clonostachys izolatlar1 arasindaki karsilikli etkilesimleri belirlemeye yonelik yapilan
bu ¢alisma sonucunda engelleme oranlar: ve karsilikl: etkilesimin derecesini veren skala degerleri tespit
edilmistir (Cizelge 3). C. rosea f. rosea izolatlarinin V. dahliae’'nin VCG2A (%23.14-42.80), VCG2B (%24.29-
38.96), VCG4B (%21,34-48,95) ve VCGx (%27.13-40.75) izolatlarinin misel gelisimini farkli oranlarda
engelledigi belirlenmistir. Elde edilen veriler karsilikli etkilesimin derecesini veren skala degerleri
agisindan degerlendirildiginde C. rosea f. rosea izolatlarin farkli skala degerlerine sahip oldugu
goriilmiistiir. Benzer sekilde C. rosea f. catenulata izolatlar1 ile patojenin eslestirilmesi sonucunda
biyoetmenin VCG2A (%17.10-39.20), VCG2B (%28.12-37.22) VCGA4B (%22.63-41.70) ve VCGXx (%27.99-41.41)
izolatlarini farkli oranlarda engelledigi, bu farkliligin karsilikli etkilesimin derecesini veren skala degerleri
agisindan da ortaya ciktig: tespit edilmistir (Cizelge 3).

Verticillium dahliae’nin neden oldugu solgunluk hastaliginin miicadelesinde kullanilan kontrol yontemleri
incelendiginde eradikasyon, {iriin rotasyonu, toprak solarizasyonu, dayanikli ¢esit ve antagonist kullanimi
gibi yontemlerinin 6ne ¢iktig1 goriilmektedir (Kowalska, 2021). Hastaligin miicadelesinde 6nemli bir yere
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sahip olan biyolojik miicadele, son yillarda olduk¢a popiiler bir yontem olarak kabul edilmekte ve bu
konuyla ilgili tiim diinyada ¢ok sayida bilimsel ¢alisma yiirtitiilmektedir.

Cizelge 3. Verticillium dahline’nin vejetatif uyum gruplarina karsi Clonostachys rosea £. rosea ve Clonostachys
rosea f. catenulata izolatlariin engelleme oranlari ve karsilikli etkilesimlerinin skala degerleri.

Table 3. The scale degrees of mutual interaction and the inhibition rate of Clonostachys rosea f. rosea and Clonostachys
rosea f. catenulata isolates against vegetative compatibility groups of Verticillium dahliae.

Vejetatif Uyum Grubu
Tir  No VCG2A VCG2B VCG4B VCGx
%EO*  Skala Degeri** %EO Skala Degeri %EO Skala Degeri %EO Skala Degeri
Grl 4280  2(2)3(1) 3645  2(3) 2920  2(2)3(1) 3532 2(3)
Gr2 2989 1(2)2(1) 2497  2(3) 3944 1(1)2(2) 3198  2(3)
Gr3 38.68 2(3) 33.73 2(2),3(1) 44.73 2(3) 35.18 3(3)
Gr4 28.18 2(2),3(1) 36.54 1(1),2(1), 3(1) 44.75 2(3) 39.79 2(3)
Gr5 2894  2(3) 3896  2(3) 4049  203) 3258  2(3)
3 Gr6 26.71 2(3) 33.01 2(3) 38.32 2(3) 37.36 2(3)
g G 2314 1(1)2(2) 2429 1(2)2(1) 2134 22)3(1) 2785 1(1)2(2)
S G 3429  2(3) 3177 2(3) 2982 2(3) 4075 2(1),3(2)
g G 2736 2(2)3(1) 3540  3(3) 4140  303) 3403 3(3)
§ Grl0 2849  1(1)2(2) 3753 2(3) 4190  2(3) 4000 1(1)2(1), 3(1)
S Gl 3298 1(1)2(1)3(1) 3339 1(1)2(2) 2749 12)3(1) 3446 2(2)3(1)
§ Grl2 3991  2(3) 3243 2(1),3(2) 3057 2(1),3(2) 3463 2(1)3(2)
O Gr13 3657 2(2)3(1) 3116 1(1)3(2) 4895  3(3) 3884 2(2)3(1)
Grl4 2523  2(3) 2958  1(1),2(1), 3(1) 3238 2(1)3(2) 33.05  1(1)2(2)
Grl5 2380  1(2)2(1) 724 1(1)202) 2956  2(3) 2713 1(3)
Grl16 31.86 2(1),3(2) 27.23 2(3) 42.76 3(3) 32.64 3(3)
Grl7 2846  2(3) 3249  2(2),3(1) 33.02  2(2),3(1) 3384 2(2)3(1)
Grl8 3733  2(2),3(1) 3540  2(1),3(2) 3300  2(1),3(2) 3712 2(2)3(1)
Gcl 28.32 2(3) 30.72 2(3) 36.34 2(3) 36.22 2(1),3(2)
G2 3920  2(3) 2979 2(3) 3543 2(3) 4141 2(2)3(1)
s Gc3 29.21 1(1),3(2) 33.09 1(1),3(2) 37.39 3(3) 36.09 3(3)
é Ge4 25.82 2(3) 35.76 2(3) 34.84 2(3) 32.04 2(3)
2 Gc5 30.65 2(3) 34.18 1(1),2(2) 23.46 1(2),2(1) 32.62 1(3)
= Ge6 29.85 2(3) 35.59 2(3) 33.62 2(2),3(1) 30.51 1(1),2(2)
S Gc7 31.17 2(3) 35.56 2(3) 33.30 2(2),3(1) 35.45 2(3)
i Gc8 23.72 1(2),2(1) 33.76 2(3) 36.51 1(1),2(2) 35.06 1(2),2(1)
% Gc9 27.93 2(1),3(2) 28.42 2(2),3(1) 41.70 2(1),3(2) 32.30 2(3)
F Gelo 2821 209) 3722 2(3) 2263 203) 3414 2(1)3()
S Gall 278  203) 3189  2(3) 2901 2(3) 3087 2(2)3(1)
o Gcl2 30.75 1(1),2(2) 28.10 2(3) 38.40 2(3) 32.43 2(3)
Gcl3 3474  2(3) 3397 2(3) 2468  203) 27.99  2(3)
Geld 1710 1(1)2(2) 2812 1(1)2(2) 3454 1(1)2(2) 3228 1(3)

*: EO; Engelleme orani.

**: Skala degeri; 0: Patojen %50’den fazla antagonist {izerinde gelismis veya antagonistin gelisimi petride %50’den daha az, 1: Patojen ve antagonistin
gelisimi %50 oraninda, 2: Antagonist petriyi %70’den daha fazla kaplamis, 3: Antagonist petrinin %80'ini kaplamuis, 4: Antagonist, petriyi tamamen
kapatmig (Watanabe, 1993) . Parantez igerisindeki rakam skala degerinin kag tekerriirde gézlemlendigini ifade etmektedir.

Bu ¢alisma kapsaminda cilek bitkilerinden izole edilen Clonostachys izolatlarmin V. dahliae'nin biyolojik
miicadelesinde etkinligi in vitro kosullarda test edilmistir. Elde edilen izolatlarin kiiltiirel, morfolojik ve
molekiiler olarak tanilar1 yapilarak C. rosea tiiriiniin C. rosea f. rosea ve C. rosea f. catenulata alt tiirlerine ait
oldugu tespit edilmigtir. Calismada antagonistik 6zelligi test edilen bu tiirlerin kiiltiirel ve morfolojik
ozelliklerinin olduk¢a benzer oldugu tespit edilmistir. Bu tiirlerin konidi ve konidiofor sekillerinin
benzerlik gostermesi, ¢esitli sicakliklarda gelisim oranlarinin benzer olmasi, C. rosea f. catenulata
izolatlarinin yagh kiiltiirlerde yesil pigmentasyon olusturmasi disinda bu iki tiir arasinda morfolojik
karakterler agisindan bir farklilik olusturmamasi, her iki tiirtin fungal bitki patojenlerine karsi mikoparazit
olarak kullanilmasi, farkli gen bolgelerinin kullanildig: sekans analizlerinde birbirlerine oldukca benzerlik
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gostermesi C. rosea f. catenulata’nin C. rosea’nin alt tiirii olarak yorumlanmasina sebep olmustur (Schroers,
2001). Bu durum Kohl ve Ravensberg (2021)'in yapmis oldugu ¢alismada da vurgulanmis ve C. rosea’nin
konidi kitlelerinin rengi dikkate alinarak C. rosea f. rosea (beyaz, pembe ve sar1) ve C. rosea f. catenulata (yesil)
olmak iizere iki alt tiire ayrildig1 ifade edilmistir.

Calisma sonucunda cilek bitkilerinden izole edilen Clonostachys izolatlarmin morfolojik ve molekiiler
olarak tanilarmin yapilmasi 6nem arz etmektedir. Nitekim fungal bitki patojenlerine karsi fungal
antagonistlerin kullanildig1 calismalarda esas ve yaygin sorunun antagonistleri tanimlamak i¢in kullanilan
yontemler oldugu vurgulanmakta, ¢alismalarin cogunda uygun bir tanimlama yonteminin kullanilmadig;,
agirlikhi olarak geleneksel yontem ve kaynaklarin kullanildig: belirtilmektedir (Thambugala vd., 2020).
Funguslarin tanisinda kullanilan bu geleneksel yontemler, uzun zaman almasmin yamn sira kiiltiirel
ozelliklerin inkiibasyon kosullarindan etkilenmesinden dolayr her zaman giivenilir sonuglar
vermemektedir. Ayrica konusunda uzmanlasmis deneyimli personel gerektirmesi diger bir dezavantaj
olarak karsimiza ¢ikmaktadir. Bu nedenle son yillarda fungal tiirleri tanilamak amaciyla farkli yontemler
tizerinde yogun arastirmalar sonucunda ¢ok daha hizli, daha spesifik, daha hassas ve daha dogru sonuglar
veren molekiiler yontemler gelistirilmistir (Capote vd., 2012; Palacioglu vd., 2021).

Ikili kiiltiir testleri, farkl bitki patojenlerine karsi antagonist fungal izolatlar1 degerlendirmede kullarulan
rutin testlerdir. Bu testler aymi zamanda, antagonistlerin hangi mekanizma veya mekanizmalar1 kullanarak
etkili oldugunu belirlemeye yardimci olmaktadir (Rodriguez vd. 2011). Calismada kullanilan bu
yontemde V. dahliae ile C. rosea f. rosea ve C. rosea f. catenulata izolatlar1 arasinda yapilan karsilastirma
sonucunda petrilerin hicbirinde 0 ve 4 skala degeri gozlemlenmemis, engelleme oranlarinin da iki alt tiir
arasinda onemli bir fark olusturmadig tespit edilmistir. C. rosea f. rosea %48.95'lik bir engelleme oraniyla
VCGA4B izolatina karsi en yiiksek engelleme oranina sahip olmustur. C. rosea f. catenulata izolatlarinda da
benzer durumlar ortaya ¢ikmis, gerek kendi igerisinde gerekse C. rosea f. rosea izolatlariyla ¢ok biiyiik
farkliliklar goriilmemistir. Bu tiir en yiiksek engelleme oranini %41.70 ile VCG4B grubuna kars1 yapmustir.
Genel olarak C. rosea f. catenulata izolatlarinin VCG2A misel gelisimini baskilamada diger gruplara oranla
daha basarisiz oldugu belirlenmistir. VCG2B izolatina karsi ise her iki biyoetmenin benzer engelleme oramn
gosterdigi saptanmistir. Onceki caligmalarla uyumlu olarak ortaya gikan bu durum, tiirler arasinda veya
ayru tiiriin izolatlar1 arasinda inhibitor maddelere karsi duyarlilik agisindan farkliliklar olabilecegini
gostermektedir (Rodriguez vd., 2011).

In vitro denemelerde elde edilen veriler antagonistin basaris1 agisindan ortalama bir deger gibi goriinse de
patojen ile antagonistin karsilastigi alandan alinan misel disklerinden V. dahlige’nin gelismemesi,
biyoetmenin patojenin gelisimini yavaslatmada etkin olabilecegini goOstermektedir. Literatiirde
Clonostachys tiirlerinin fitopatojen funguslara kars: biyokontrol etmeni olarak etkinligi onceki ¢alismalarla
ortaya konulmus, Botrytis cinerea, Fusarium oxysporum, Alternaria citri (Pratella ve Mari, 1993), Rhizoctonia
solani, Fusarium solani, Colletotrichum truncatum ve Macrophomina phaseolina, Sclerotinia sclerotiorum
(Rodriguez vd., 2011) ve V. dahlige (Varo vd., 2016) gibi ¢ok sayida bitki patojenine kars1 giiglii bir biyolojik
kontrol yetenegi sergiledigi tespit edilmistir.

Calismada genel olarak patojen ile biyoetmen arasinda bir engelleme zonu olusmadig1 gozlemlenmistir.
Bununla birlikte biyoetmenin patojenin miselleri iizerinden gecerek misel gelisimini baski altina aldig ve
patojen hiflerinin morfolojik yapisinda onemli degisiklikler meydana getirdigi belirlenmistir. Bu
morfolojik bozulmalarin gozlendigi hattan alinan misel diskleri PDA igeren petrilere aktarildiginda
patojenin gelisememesi canliligini kaybettigini gostermektedir. Benzer sekilde yapilan calismalarda C.
rosea min in vitro kosullarda B. cinerea misel gelisimini kontrole oranla azalttig1, ¢ok daha yavas gelistirdigi
ve hiflerinde bozulmalar meydana getirdigi (Wang vd., 2019), S. sclerotiorum’un misellerinde morfolojik
degisiklikler olusturdugu (Rodriguez vd., 2011), C. rosea f. catenulatanin S. sclerotiorum ve Fusarium spp.
gibi patojenlerin hif hiicrelerini yok ettigi, penatrasyon yapmaksizin konukg¢u hiicrelerde ¢okme ve
parcalanmalar olusturdugu belirtilmektedir (Huang, 1978). Ayni1 zamanda bu calismada Clonostachys
izolatlarinin patojenin mikrosklerot olusumunu ve gelisimini de olumsuz etkiledigi belirlenmistir. V.
dahliae’nin biyolojik miicadelesinde Trichoderma spp.’nin kullanildig1 baska bir ¢alismada paralel sonuglar
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alinmis olup, mikrosklerotlarin giderek tipik koyu rengini kaybettigi, cimlenemez ve olgunlasamaz hale
geldigi tespit edilmistir (Jabnoun-Khiareddine vd., 2009). Yapilan baska calismalarda da bu durum
gozlemlenmis ve farkli C. rosea izolatlarinin, V. dahliae mikrosklerotlarinin ¢cimlenmesini azalttig1 (Keinath
vd., 1991; Varo vd., 2016), C. rosea izolatlari ile aymi bitkiden izole edilen V. dahliae izolatlar1 arasinda negatif
korelasyon oldugu (Gourley ve MacNab, 1964), biyoetmenin steril olmayan topraga ilave edildigi zaman
patojen mikrosklerotlarin1 %100’e kadar azalttig1 ve canli kalan mikrosklerotlarin ¢imlenmesini inhibe
ettigi tespit edilmistir (Keinath vd., 1991). Biyoetmenin c¢ilek bitkilerinin tag bolgesinde siklikla kolonize
olmasi, petiol ve kokten kolayca izole edilen patojenin tag bolgesinden nadir izole edilmesi bu goriisii
desteklemektedir (Gourley ve MacNab, 1964). Cilekte gram toprakta 3 mikrosklerot olmasiyla verim
kaybmin %50’ye ulastig bilinmekte (Carroll vd., 2018), toprakta uzun yillar canh kalabilen ve patojenin
hayat dongiisiinde énemli bir yer tutan bu mikrosklerotlarin miktariin azalmasi miicadelede 6nemli bir
faktor olarak degerlendirilmektedir.

Bu ¢alisma kapsaminda biyoetmenin patojen gelisimini baskilamada nasil bir mekanizma kullandig1 net
bir sekilde tespit edilememistir. V. dahliae ile Clonostachys izolatlarimin karsilastifi hatta yapilan
mikroskobik incelemeler neticesinde hyperparazitizm olusumuna rastlanilmamustir. Ancak Clonostachys
izolatlarinin Verticillium izolatlarina oranla hizli geliserek, yer icin rekabette {istiinliik sagladig1 ve aym
alanda bulunan patojenin gelisme sansini diisiirdiigii tespit edilmistir. Nitekim ayni petride bulunan iki
fungusun konidileri bagka petriye alindiginda tek gelisen fungusun Clonostachys spp. olmasi, Clonostachys
ve V. dahlige’nin karsilastig1 hattan alinan misel disklerinin hi¢birinden etmenin gelisememesi bunun bir
gostergesi olarak degerlendirilmektedir. Alan ve besin igin yapilan rekabet, patojenin gelisimini
engellemek icin biyoetmen tarafindan uygulanan en genel mekanizmalardan biri olarak tanimlanmaktadir
(Mirmaijlessi vd., 2016). Bitki koklerinde patojen ile biyoetmenin kolonizasyonunu izlemek her ne kadar
miimkiin olmasa da bu antagonistlerin ayni ekolojik nis, alan ve besin i¢in rekabet ederek patojeni
baskiladig: diistiniilmektedir (Puri vd., 2021). Aym1 zamanda Clonostachys tiirleri bitki gelisimini aktive
ederek, patojenlerin iireme yapilarinin cimlenmesini engelleyerek, antibiyosis ve mikoparazit gibi
mekanizmalar1 kullanarak biyolojik miicadeledeki basari sansimi artirmaktadir (Deketelaere vd., 2017;
Papavizas, 1985). C. rosea'nin bitki patojenlerine kars1 biyolojik kontrol mekanizmasinda oncelikle hiicre
duvarimi parcalayan cesitli enzimler (kitinaz, (-1,3-p-1,4-,-1,6-glukanaz ve proteaz) salgilamasi,
antibiyotik ve toksin gibi sekonder metabolitleri iiretmesi ve bitki savunma sistemlerini tesvik etmesi gibi
¢oklu mekanizmalarin aktivasyonu ile aciklanmaktadir (Chatterton ve Punja 2009; Fatema vd., 2018; Panth
vd., 2020; Sun vd., 2020). Bununla birlikte antagonistik mikroorganizmalarin, ucucu toksik bilesikler
iireterek antifungal etkiye sahip oldugu, {iretmis olduklar1 baz1 enzimleri ile patojenin
mikrosklerotiumlarinda bozulmalara neden oldugu da belirtilmektedir (Kowalska, 2021).

SONUC

Cilekte solgunluk hastaligini olusturan V. dahliae’min toprak kaynakli olmas1 ve bitkide sistemik olarak
gelismesi bu patojen grubuyla miicadeleyi zorlastirmaktadir. Yapilan bu ¢alismada patojenin biyolojik
miicadelesinde kullanilabilecek C. rosea f. rosea ve C. rosea f. catenulata alt tiirleri izole edilmis, klasik ve
molekiiler tanilar1 yapilmis, antagonistik 6zellikleri test edilmis ve patojeni baskilamada etkili olduklari
tespit edilmistir. Bu calismadan elde edilen veriler dogrultusunda, bir sonraki asama olan in vivo ve tarla
denemelerinde farkli toprak tiplerinde, farkli sicakliklarda, farkli inokulum miktarlar1 ve farkh
inokulasyon sekilleriyle hazirlanan ortamlarda Clonostachys izolatlarinin patojene karsi etkinliginin
arastirilmasi ve basarili bir biyolojik miicadele i¢in optimum sartlarin ortaya konulmasi gerekmektedir.
Ayrica hastalikla miicadelede daha basarili sonuglar almak icin igerisinde biyoetmenlerin de yer aldig:
entegre yonetim stratejilerine yer verilmesi gerekmektedir.

CIKAR CATISMASI
Yazarlar arasinda herhangi bir ¢ikar ¢atismasi yoktur.

YAZAR KATKISI
Yazarlar makaleye esit oranda katk: saglamistir.

——
Uluslararas: Tarim ve Yaban Hayat: Bilimleri https://dergipark.org.tr/tr/pub/ijaws

471


https://dergipark.org.tr/tr/pub/ijaws

Tuba GENG KESIMCI, Erkol DEMIRCi

TESEKKUR
Bu arastirma Atatiirk Universitesi Bilimsel Arastirma Projeleri Bagkanliginca desteklenmistir (Proje No:
BAP 2010/52).

KAYNAKLAR
Agrios, G. N. (2005). Plant pathology (5th ed.). Elsevier Academic Press.

Alstrom, S. (2000). Root-colonizing fungi from oilseed rape and their mbhibition of Verticillium dahliae. Journal of
Phytopathology, 148(7-8), 417-423. https://doi.org/10.1046/j.1439-0434.2000.00511.x

Alstrém, S. (2001). Characteristics of bacteria from oilseed rape in relation to their biocontrol activity against Verticillium
dahliae. Journal of Phytopathology, 149, 57-64. https://doi.org/10.1046/j.1439-0434.2001.00585.x

Berg, G. (2007). Biological control of fungal soilborne pathogens in strawberries. In Biological Control of Plant Diseases.
Birghamton: The Haworth Press, Inc.

Capote, N., Pastrana, A. M., Aguado, A., & Sanchez-Torres, P. (2012). Molecular tools for detection of plant pathogenic
fungi and fungicide resistance. Plant pathology, https://doi.org/10.5772/38011

Chatterton, S.,& Punja, Z. K. (2009). Chitinase and -1, 3-glucanase enzyme production by the mycoparasite
Clonostachys rosea f. catenulata against fungal plant pathogens. Canadian Journal of Microbiology, 55(4), 356-367.
https://doi.org/10.1139/w08-156

Carroll, C. L., Carter, C. A, Goodhue, R. E., Lawell, C. Y. C. L., & Subbarao, K. V. (2018). A review of control options
and externalities for Verticillium wilts. Phytopathology, 108(2), 160-171. https://doi.org/10.1094/PHYTO-03-17-0083-
RVW

Deketelaere, S., Tyvaert, L., Franga, S. C., & Hofte, M. (2017). Desirable traits of a good biocontrol agent against
Verticillium wilt. Frontiers in Microbiology, 8, 1186. https://doi.org/10.3389/fmicb.2017.01186

Demir, S., Sensoy, S., Ocak, E., Tiifenkci, $., Durak, E. D., Erdinc, C, & Unsal, H. (2015). Effects of arbuscular
mycorrhizal fungus, humic acid, and whey on wilt disease caused by Verticillium dahliae Kleb. in three solanaceous
crops. Turkish Journal of Agriculture and Forestry, 39(2), 300-309. https://doi.org/10.3906/tar-1403-39

Diehl, K., Rebensburg, P., & Lentzsch, P. (2013). Field application of non-pathogenic Verticillium dahliae genotypes for
regulation of wilt in strawberry plants. American  Journal of Plant  Sciences, 4, 24-32.
https://doi.org/10.4236/ajps.2013.47 A2004

Easa, S. M., & Youssef, K. A. (2011). Biological control of wilt and stem-canker of potato by antagonism. Egyptian Journal
of Biological Pest Control, 21(1).

Fatema, U., Broberg, A., Jensen, D. F., Karlsson, M., & Dubey, M. (2018). Functional analysis of polyketide synthase
genes in the biocontrol fungus Clonostachys rosea. Scientific Reports, 8(1), https://doi.org/10.1038/s41598-018-33391-1

Fradin, E. F., & Thomma, B. P. (2006). Physiology and molecular aspects of Verticillium wilt diseases caused by V.
dahliae and V. albo-atrum. Molecular Plant Pathology, 7(2), 71-86. https://doi.org/10.1111/j.1364-3703.2006.00323.x

Gan, Z,, Yang, J., Tao, N., Yu, Z.,, & Zhang, K. Q. (2007). Cloning and expression analysis of a chitinase gene Crchil
from the mycoparasitic fungus Clonostachys rosea (syn. Gliocladium roseum). Journal of Microbiology, 45(5), 422-430.

Grunden, E., Chen, W. D., & Crane, J. L. (2001). Fungi colonizing microsclerotia of Verticillium dahliae in urban
environments. Fungal Diversity, 8, 129-141.

Gourley, C. O., & MacNab, A. A. (1964). Verticillium dahline and Gliocladium roseum isolation from strawberries in Nova
Scotia. Canadian Journal of Plant Science, 44(6), 544-549. https://doi.org/10.4141/cjps64-107

Hasenekoglu, 1. (1991). Toprak Mikrofunguslari. Atatiirk Universitesi Yaymlari.

Hu, X., Bai, Y., Chen, T., Hu, D., Yang, J., & Xu, X. (2013). An optimized method for in vitro production of Verticillium
dahliae microsclerotia. European Journal of Plant Pathology, 136(2), 225-229. https://doi.org/10.1007/s10658-013-0170-2

Huang, H. C. (1978). Gliocladium catenulatum: hyperparasite of Sclerotinia sclerotiorum and Fusarium species. Canadian
Journal of Botany, 56(18), 2243-2246. https://doi.org/10.1139/b78-270

——
Uluslararasi: Tarim ve Yaban Hayat: Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

472



Cilekte Verticillium dahliae’ya Karg: Biyoetmen Olarak Clonostachys Tiirlerinin Etkileri *

Inderbitzin, P., Bostock, R. M., Davis, R. M., Usami, T., Platt, H. W., & Subbarao, K. V. (2011). Phylogenetics and
taxonomy of the fungal vascular wilt pathogen Verticillium, with the descriptions of five new species. PloS one,
6(12), €28341. https://doi.org/doi: 10.1371/journal.pone.0028341

Jabnoun-Khiareddine, H., Daami-Remadi, M., Ayed, F., & El Mahjoub, M. (2009). Biological control of tomato
Verticillium wilt by using indigenous Trichoderma spp. The African Journal of Plant Science and Biotechnology, 3(1), 26-
36.

Keinath, A. P., Fravel, D. R., & Papavizas, G. C. (1991). Potential of Gliocladium roseum for biocontrol of Verticillium
dahliae. Phytopathology, 81(6), 644-648. https://doi.org/10.1094/Phyto-81-644.

Kohl, J., & Ravensberg, W. (2021). Microbial bioprotectants for plant disease management. Burleigh Dodds Science
Publishing.

Kesimci, TG., & Demirci, E. (2020). Vegetative compatibility groups and pathogenicity of Verticillium dahliae isolates
from strawberry plants in Erzurum and Erzincan provinces, Turkey. Fresenius Environmental Bulletin, 29(1), 454-
462.

Kowalska, B. (2021). Management of the soil-borne fungal pathogen—Verticillium dahliae Kleb. causing vascular wilt
diseases. Journal of Plant Pathology, 103(4), 1185-1194. https://doi.org/10.1007/s42161-021-00937-8

Madi, L., Katan, T., Katan, J., & Henis, Y. (1997). Biological control of Sclerotium rolfsii andVerticillium dahliae by
Talaromyces flavus is mediated by different mechanisms. Phytopathology, 87(10),1054-1060.
https://doi.org/10.1094/PHYTO.1997.87.10.1054

Meszka, B., & Bielenin, A. (2009). Bioproducts in control of strawberry Verticillium wilt. Phytopathologia, 52, 21-27.

Moreira, G. M., Abreu, L. M., Carvalho, V. G., Schroers, H. J., & Pfenning, L. H. (2016). Multilocus phylogeny of
Clonostachys subgenus Bionectria from Brazil and description of Clonostachys chloroleuca sp. nov. Mycological Progress,
15(10), 1031-1039. https://doi.org/10.1007/s11557-016-1224-6

Mirmajlessi, S. M., Mand, M., Najdabbasi, N., Larena, I., & Loit, E. (2016). Screening of native Trichoderma harzianum
isolates for their ability to control Verticillium wilt of strawberry. Zemdirbyste-Agriculture, 103(4), 397-404.
https://doi .org/10.13080/z-a.2016.103.051

Mulero-Aparicio, A., Varo, A., Agusti-Brisach, C., Lépez-Escudero, F. J., & Trapero, A. (2020). Biological control of
Verticillium wilt of olive in the field. Crop Protection, 128, 104993. https://doi.org/10.1016/j.cropro.2019.104993

Naraghi, L., Heydari, A., Rezaee, S., Razavi, M., & Afshari-Azad, H. (2010). Biological control of Verticillium wilt of
greenhouse  cucumber by  Talaromyces  flavus.  Phytopathologia ~ Mediterranea, — 49(3),  321-329.
https://doi.org/10.2478/v10045-010-0061-x

Palaciogly, G., O, Goksel., & Bayraktar, H. (2021). Bitki patojeni funguslarin tespitinde polimeraz zincir reaksiyonu’na
dayali bazi molekiiler teknikler. Journal of the Institute of Science and Technology, 11(3), 1831-1845.
https://doi.org/10.21597 /jist.826047

Panth, M., Hassler, S. C., & Baysal-Gurel, F. (2020). Methods for management of soilborne diseases in crop production.
Agriculture, 10(1), 16. https://doi.org/10.3390/agriculture10010016

Papavizas, G. C. (1985). Trichoderma and Gliocladium: biology, ecology, and potential for biocontrol. Annual Review of
Phytopathology, 23(1), 23-54. https://doi.org/10.1146/annurev.py.23.090185.000323

Pegg, G. F., & Brady, B. L. (2002). Verticillium wilts. CABL

Pratella, G. C., & Mari, M. (1993). Effectiveness of Trichoderma, Gliocladium and Paecilomyces in postharvest fruit
protection. Postharvest Biology and Technology, 3(1), 49-56. https://doi.org/10.1016/0925-5214(93)90026-Y

Punja, Z. K., Rose, S., & Yip, R. (2002, October 1-5). Biological control of root diseases. In Proceedings of the Canadian
greenhouse conference.

Puri, K. D., Hu, X,, Gurung, S., Short, D. P., Sandoya, G. V., Schild, M., & Subbarao, K. V. (2021). Verticillium klebahnii
and V. isaacii isolates exhibit host-dependent biological control of Verticillium wilt caused by V. dahlige.
PhytoFrontiers, 1, 276-290. https://doi.org/10.1094/PHYTOFR-01-21-0001-R

Raffle, S., & O’Neill, Tim. (2006). The control of Verticillium wilt in strawberry. Horticultural Development Council.

——
Uluslararas: Tarim ve Yaban Hayat: Bilimleri https://dergipark.org.tr/tr/pub/ijaws

473


https://dergipark.org.tr/tr/pub/ijaws

Tuba GENG KESIMCI, Erkol DEMIRCi

Rekanovic, E., Miljjasevic, S., Todorovic, B., & Potocnik, 1. (2007). Possibilities of biological and chemical control of
Verticillium wilt in pepper. Phytoparasitica, 35(5), 436-441. https://doi:10.1007/BF03020601

Rodriguez, M. A., Cabrera, G., Gozzo, F. C., Eberlin, M. N., & Godeas, A. (2011). Clonostachys rosea BAFC3874 as a
Sclerotinia sclerotiorum antagonist: mechanisms involved and potential as a biocontrol agent. Journal of Applied
Microbiology, 110(5), 1177-1186. https://doi.org/10.1111/j.1365-2672.2011.04970.x

Royse, D. J., & Ries, S. M. (1978). The influence of fungi isolated from peach twigs on the pathogenicity of Cytospora
cincta. Phytopathology, 68(4), 603-607. https://doi.org/10.1094/Phyto-68-603

Schroers, H. J. (2001). A monograph of Bionectria (Ascomycota, Hypocreales, Bionectriaceae) and its Clonostachys
anamorphs. Studies in Mycology, 46, 1-214. https://doi.org/10.1017/s0269-915x(03)27217-7

Schroers, H. J., Samuels, G. J., Seifert, K. A., & Gams, W. (1999). Classification of the mycoparasite Gliocladium roseum
in Clonostachys as C. rosea, its relationship to Bionectria ochroleuca, and notes on other Gliocladium-like
fungi. Mycologia, 91(2), 365-385. https://doi.org/10.1080/00275514.1999.12061028

Song, R., Li, ], Xie, C,, Jian, W., & Yang, X. (2020). An overview of the molecular genetics of plant resistance to the
Verticillium wilt pathogen Verticillium dahlige. International Journal of Molecular Sciences, 21(3), 1120.
https://doi.org/10.3390/ijms21031120

Sun, Z. B, Li, S. D., Ren, Q., Xu, J. L., Lu, X,, & Sun, M. H. (2020). Biology and applications of Clonostachys rosea. Journal
of Applied Microbiology, 129(3), 486-495. https://doi.org/10.1111/jam.14625

Thambugala, K. M., Daranagama, D. A, Phillips, A. J., Kannangara, S. D., & Promputtha, I. (2020). Fungi vs. fungi in
biocontrol: An overview of fungal antagonists applied against fungal plant pathogens. Frontiers in Cellular and
Infection Microbiology. https://doi.org/10.3389/fcimb.2020.604923

Tjamos, E. C., & Jiménez-Diaz, R M. (1998). A compendium of Verticillium wilts in tree species. CPRO.

Vallad, G. E., & Subbarao, K. V. (2008). Colonization of resistant and susceptible lettuce cultivars by a green fluorescent
protein-tagged isolate of Verticillium dahliae. Phytopathology, 98(8), 871-885. https://doi.org/10.1094/PHYTO-98-8-
0871

Varo, A., Raya-Ortega, M. C., & Trapero, A. (2016). Selection and evaluation of micro-organisms for biocontrol of
Verticillium dahliae in olive. Journal of Applied Microbiology, 121(3), 767-777. https://doi.org/10.1111/jam.13199

Veloso, J. F. C. A,, & Diaz, J. (2012). Fusarium oxysporum Fo47 confers protection to pepper plants against Verticillium
dahliae and Phytophthora capsici, and induces the expression of defence genes. Plant Pathology,61(2), 281-288.
https://doi.org/10.1111/j.1365-3059.2011.02516.x

Zhu, H. Q., Feng, Z. L., Li, Z. F,, Shi, Y. Q., Zhao, L. H,, & Yang, J. R. (2013). Characterization of two fungal isolates
from cotton and evaluation of their potential for biocontrol of Verticillium wilt of cotton. Journal of Phytopathology,
161(2), 70-77. https://doi.org/10.1111/jph.12027

Wang, Q., Chen, X, Chai, X., Xue, D., Zheng, W., Shi, Y., & Wang, A. (2019). The involvement of jasmonic acid, ethylene,
and salicylic acid in the signaling pathway of Clonostachys rosea-induced resistance to gray mold disease in tomato.
Phytopathology, 109(7), 1102-1114. https://doi.org/10.1094/PHYTO-01-19-0025-R

Watanabe, N. (1993). Antagonistic activity of Gliocladium spp. against soilborne plant pathogens in vitro. Bulletin of the
Faculty of Agriculture-Meiji University (Japan).

——
Uluslararasi: Tarim ve Yaban Hayat: Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

474



Research Article

T BA) pimm
4 s . S’% ~ International Journal of Agriculture and Wildlife Science Olens e
§ Mo G bamat
718 = .1 . . .
Z u o Uluslararasi Tarim ve Yaban Hayat1 Bilimleri Dergisi
Vg >
g 15 2022, 8(3): 475 — 483, doi: 10.24180/ijaws. 1180101

Incidence and Coat Protein Characterization of Apple Stem Pitting Virus Isolates from Isparta
Province of Turkey

Tiirkiye'nin Isparta [linden Elde Edilen Apple Stem Pitting Virus Izolatlarmin Yayginlig1 ve Molekiiler
Karakterizasyonu
Ali Celik?
Received: 25.09.2022 Accepted: 23.10.2022 Published: 15.12.2022

Abstract: Turkey is one of the major countries in the world in terms of fruit growing due to its climate diversity and geographical features. Apple, which
is one of these fruits, is grown intensively in Turkey, and especially the Mediterranean Region is important for apple agriculture. Today, viral diseases
are considered as an important yield loss factor in apple farming. This study investigated the incidence and molecular characterization of apple stem
pitting virus (ASPV) in Isparta province, a significant apple-producing region in Turkey. By using the DAS-ELISA and RT-PCR methods, ASPV infection
was found in 7 out of 70 collected apple leaf samples. The partial nucleotid sequences of ASPV were obtained and registered in GenBank for accession
numbers. The generated similarity matrix by using the representative isolates revealed that the new ASPV isolates shared 79-93% of their nucleotide
sequences with GenBank reference acessions. The isolates collected in this research were clustered in group 1 of the phylogenetic tree that was created
by selecting a specific number of isolates from GenBank and thought to be reliable in the phylogenetic differentiation of ASPV. This is the first study to
examine the prevalence of ASPV in the Isparta region and its phylogeny. It is possible that the results of the research will contribute to a better
understanding of the situation of ASPV in Turkey.

Keywords: ASPV, phylogenetic relationship, molecular characterization

&

Oz: Tiirkiye, sahip oldugu iklim gesitliligi ve cografi ozellikler nedeniyle meyvecilik agisindan diinyada oldukga énemli bir iilke konumundadir. Bu
meyvelerden bir tanesi olan elma tilkemizde yogun olarak yetistiricili§i yapilan bir meyve olup 6zellikle Akdeniz Bolgesi elma tarimu ile 6n plana
¢ikmaktadir. Giiniimiizde viral hastaliklar elma tarimi igerisinde 6nemli bir verim kayip unsuru olarak ele alinmaktadir. Bu ¢alismada Tiirkiye'nin
onemli bir elma iireticisi konumunda olan Isparta ilinde apple stem pitting virus (ASPV)'nin yayginlik durumu belirlenmisve molekiiler
karakterizasyonu gergeklestirilmistir. Toplanan 70 adet elma yaprag: orneginden 7’sinde ASPV enfeksiyonu DAS-ELISA ve RT-PCR yontemi ile
belirlenmistir. Virtistin kilif protein bolgesinin kismi dizi bilgisi elde edilerek GenBank erisim numaralari alinmigtir. Olusturulan benzerlik matrisinde
izolatlarin GenBank referans izolatlari ile 79-93% oraninda niikleotid diizeyinde benzerlik gosterdigi tespit edilmistir. GenBank’ta yer alan ve ASPV'nin
filogenetik ayriminda giivenilir oldugu degerlendirilen belirli sayida izolat secilerek elde edilen filogenetik aga¢ 6 gruba ayrilmis ve bu ¢alisma
kapsaminda elde edilen izolatlar filogrup 1 igerinde yer almistir. Bu ¢alisma ASPV’nin Isparta bolgesinde yayginlik durumunun incelendigi ilk calisma
ozelligindedir. Aragtirma sonuglarinin ASPV'nin Tiirkiye’deki durumunun daha iyi anlagilmasina katki sunacagi diistintilmektedir.

Anahtar Kelimeler: ASPV, filogenetik iliski, molekiiler karakterizasyon
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INTRODUCTION

Apple stem pitting virus (ASPV) with a positive single-stranded RNA (ssRNA) is one of the most
devastating viral pathogens of pome fruits in the world (Nemeth, 1984). The genome of ASPV consists of
five open reading frames (ORFs) and has 9.200-9,300 nucleotides in the family Betaflexiviridae (Adams et
al., 2004). The flexible filamentous ASPV particles may aggregate end-to-end in host cells and have
dimensions of 12-15 nm in width and 800 nm in length (Ma et al., 2016). Viral replicase polyprotein and
triple gene block proteins (TGBps) are encoded by ORF1, ORF2, and ORF4 respectively whereas the coat
protein of virus (CP) is encoded by ORF5 (Jelkmann, 1994).

Since there is currently no identified vector, non-certified propagative material and grafting are most
probable to be responsible for the virus's spread (Claude and Fauquet, 2004). ASPV affects a numerous
plants and causes different types of symptoms such as leaf red mottling, fruit stony pits, xylem pits, decline,
epinasty, vein yellowing or pear necrotic mark linked to the host plant, genotype, and isolate/strain of virus
(Jelkmann, 1994; Mathioudakis et al., 2006, 2010; Wu et al., 2010). Some economically significant diseases,
including deterioration of quince fruit, epinasty, the loss of apple Spy 227, and yellowing of pear vein are
also linked to ASPV (Stouffer, 1989; Jelkmann, 1994). The infected plant variation of the ASPV is primarily
limited to commercial pome fruits, but it has also recently been reported from pear- and apple-rootstocks,
some ornamentals, and the members of undomesticated Rosaceae (Constable et al., 2007; Ma et al., 2008;
Mathioudakis et al., 2010, 2012), with cherry being the one exception (Yang et al., 2017). ASPV infection
causes yellowish veins (Wu et al., 2010), reddish spotting (Komorowska et al., 2011), necrotic spots on pear,
or pittings in various pear cultivars (Mathioudakis et al. 2009). Infection of ASPV is often linked to the
existence of other viruses such as apple stem grooving virus (ASGV), apple mosaic virus (ApMV) and,
apple chlorotic leaf spot virus (ACLSV). Combination attacks of three pathogens result in severe reductions
in fruit quality and quantity (Ma et al., 2016).

Holmes (2019), indicated that high rates of mutation in RNA viruses lead to the formation numerous
genetic variety in pathogen genome. According to Liu et al. (2012), five of ASPV genes exhibited high
variation, mainly in the ORF that encodes the CP, which made it imperative to research the ASPV variation
according to the CP. Further researches have revealed that the CP is made up of a variant N-terminal and
a conserved C-terminal region (Yoon et al., 2014). In fact, numerous ASPV isolates varies greatly in both
length and sequence of CP that range from 1125 to 1245 nt (Komorowska et al., 2011; Yoon et al., 2014). By
examining a section of the replicase-encoding ORF, a remarkable genetic variance in isolates of ASPV was
also revealed (Mathioudakis et al. 2010).

Turkey is regarded as an important source of plant species' germplasm because it provides ecologically
favorable circumstances for the majority of them (Nadeem et al., 2021; Tekin et al., 2022; Yeken et al., 2022).
In terms of output tonnage, apples are among the most major fruits. The first studies on ASPV in Turkey
started by Caglayan et al. (2006). This research is followed only by studies conducted on the diagnosis and
prevalence of the virus (Birisik et al. 2006; Birisik ve Baloglu 2011; ilbag: vd., 2013). However, the
phylogenetic structure of a ASPV population has not yet been studied in detail in Turkey. To fill this gap,
an ASPV population was obtained and analysed in terms of phylogenetic structure from Isparta province,
located in the Mediterranean region of Turkey, is a prominent province in terms of apple production. This
papers describes the phylogenetic structure of ASPV by obtaining the gene sequences of the partial CP of
virus genome. A better knowledge of the demographic structure of ASPV is likely to result from this study.

MATERIAL AND METHOD

Survey and DAS-ELISA

A total of 70 viral sypmtom showing apple leaf samples were collected from Isparta province of Turkey
(Figure 1) during 2020-2021. Polyclonal antibodies were used for the Double Antibody Sandwich-Enzyme
Linked Immunosorbent Assay (DAS-ELISA) as described in Clark and Adams (1977) and in accordance
with the manufacturer's instructions for ASPV detection (BIOREBA, Reinach, Switzerland). DAS-ELISA
utilized controls, both positive and negative, provided by the kit. To evaluate change in color at 60 minutes
following the addition of the substrate (p-nitrophenyl phosphate), a microplate reader (Thermo Scientific
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Multiscan FC Microplate Photometer, USA) was used. A sample was deemed positive, if its mean
absorbances were higher by at least two times than those of the negative controls.

Figure 1. The location of survey area in Turkey.
Sekil 1. Survey bolgesinin Tiirkiye lokasyonu.

Extraction of Total RNA and Nucleotide Sequences

To verify the DAS-ELISA findings and obtain partial nucleotide sequences for the samples, seven samples
that were signaled positive after the serology were also analyzed by RT-PCR. Ratio of ASPV (%) prevalence
was determined by dividing the all of isolates that was positive in both RT-PCR and DAS-ELISA tests by
all of the samples.

NucleoZOL RNA extraction liquid (Macherey-Nagel GmbH & Co. KG, Germany) was applied to obtain
total RNA according to instructions of manufacturer from 120 mg leaf samples. The obtained RNA
concentrations were adjusted to a concentration of 10 ng/ul using a Nanodrop spectrophotometer (Thermo
Scientific, USA).

The 50 pl one-step RT-PCR mixture contained 2 pl RevertAid Reverse Transcriptase (Thermo scientificTM
-EP0441), 1.5 pl of each primer (10 mM), 1.5 pl of RNA, 25 ul (1.5 U) Tag DNA Polymerase 2x Master Mix
(contains 1.5 mM MgClz) (Ampliqon, Denmark), and nuclease-free water. The reaction was performed as
described in Ji et al. (2013) by wusing ASPV-F (TGGAACCTCATGCTGCA) and ASPV-IR
(TTGGGATCAACTTTACTAAAAAGCATAA) primers that produces 360 bp between 8878-9238 nt in
ASPV genome. Amplified products were loaded into a 1.5% 1X TAE agarose gel and stained with

S—
Uluslararas: Tarim ve Yaban Hayat: Bilimleri https://dergipark.org.tr/tr/pub/ijaws

477


https://dergipark.org.tr/tr/pub/ijaws

Ali GELIK

APronosafe DNA fluorescence marking (Condalab, Madrid, Spain). An electrophoresis equipment
(ThermoFisher Scientific, Massachusetts, USA) was used for DNA visualization at 75 V for 60 minutes. The
ampliqons were sequenced bi-directionally using the Sanger method by a commercial company (BM
Laboratory Systems, Turkey).

Phylogenetic Analyses

The lowest BIC (Bayesian Information Criterion) results were obtained for the nucleotides aligned by
MEGA X v.10.2.4 with Gamma Distribute Rates among Sites (K2+G) (Kumar et al., 2018) using the Kimura-
2 parameter model (Kimura, 1980). As a result, the K2+G employed for Neighbor-Joining (IN]) statistical
methods were applied to create the phylogenetic tree. Sequence Demarcation Tool (SDT) v1.2 software was
used to figure out the percentage of amino acid (aa) and nucleotide (nt) sequence identities, and branches
were supported by 1000 bootstrap replications (Muhire et al., 2014). An ACLSV isolate (KY579378) was
inclued as outgroup for the phylogeny.

RESULTS AND DISCUSSION

Survey and Incidence

ASPV is widespread throughout the world, but it mostly infects members of the Maloideae family, which
includes pears and apples. Other knowledge of ASPV infection also include grapevine from South Africa
(GenBank No.: EU247940.1-EU247950.1), wild members of Rosaceae from Greece (Mathioudakis and Katis,
2006), and cherries from India (Dhir et al., 2010). This paper includes the ASPV infections in apple trees in
Isparta, an important apple producer provinve of Turkey. In order to test for ASPV, 70 apple leaf samples
were obtained from the province of Isparta by field surveys. Seven samples were shown to have ASPV
infection, according to the serological identification research by DAS-ELISA. Despite the new detection
assays such as high-throughput sequencing (HTS) analysis (Moran et al., 2020), are used for the ASPV
detection, the DAS-ELISA is still widely used ASPV detection method in different studies (Dhir et al., 2010;
Ma et al., 2019; Dhir et al., 2021). In this research, DAS-ELISA has been successfully used in the diagnosis
of ASPV and its results are consistent with RT-PCR.

A total prevalence rate of 10% for ASPV in the locations studied was determined by RT-PCR testing on all
of these samples. In the studies conducted in Turkey on ASPV infection, surveys have been carried out in
various regions of Turkey (Birisik et al., 2006; Caglayan et al., 2006; Birisik ve Baloglu, 2011; Hbag1 et al.,
2013), and it has been observed that there is not yet a comprehensive survey related to Isparta. In studies
conducted in K.Maras, Osmaniye and Adana on prevalence studies of ASPV, biological indexing studies
show a prevalence of 54.5% for ASPV (Birisik et al., 2006). Similarly, in another studies conducted by
Caglayan et al. (2006) and Birisik ve Baloglu (2011), revealed that ASPV caused infection at different rates
in different plant varieties. A recent study of the Spanish-growing regions for loquats, a 15% ASPV infection
incidence rate was found (Mordn et al., 2020). There are possible reasons for the variability of results
incidence. For example, the use of various primer pairs that correspond to various regions of the ASPV
genome or the use of various detection techniques are potential explanations for the differences in ASPV
detection rates between the various studies (Komorowska et al., 2010). In addition, viral titres may vary
during the year (Mathioudakis et al., 2009) or in various plant tissues (Klerks et al., 2001). Isparta is one of
the provinces of Turkey that stand out with its intensive apple production. Isparta province was surveyed
within the scope of surveys and ASPV infection was detected. The data produced by this study showed
that ASPV maintains its importance and the virus can be detected in new regions.

Nucleotide Sequences and Phylogenetic Analyses

The deduced sequences had a length of 303 nucleotides and included the partial CP gene sequences of the
ASPV. NCBI GenBank accession numbers OP476707-OP476713 were acquired for the sequences. As a
consequence, the NJ phylogenetic analysis based on CP region, which is from different regions of the world
(Table 1) and reliable for molecular typing of ASPV, comprised all 40 isolates (32 Genbank + 7 new + 1 out
group isolate). NJ methods constructed a phylogenetic tree based on the CP region (Figure 2).
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Table 1. The selected isolates for phylogeny representing the different parts of the world.
Tablo 1. Filogeni icin diinyanin farkli bélgelerini temsil eden izolatlar.

Accesion Origin Host
KM873721 India Apple
FR694922 India Apple
FJ970961 Turkey Apple
OM313368 China Pyrus betulifolia
OM313375 China Pyrus betulifolia
AF491930 Poland Apple
AF491930 Poland Apple
FJ970955 Belgium Apple
HM125156 China Apple
MW843002 Brazil Apple
KC791787 South Korea Apple
FJ970951 Ukraine Apple
KC791786 South Korea Apple
EU314950 China Apple
KY429159 Poland Pear
JX673785 China Pear
JX673788 China Pear
KY176828 Poland Apple
MW810256 Greece Quince
AF345895 Poland Pyrus communis
AJ968944 Czech Republic Apple
KY176810 Czech Republic Pear
KY176812 Poland Pear
KY176813 Poland Pear
MW842992 Brazil Apple
OM313373 China Pyrus betulifolia
OM313367 China Pyrus betulifolia
HM125160 China Apple
GQ265914 China Pear
JF946773 China Pyrus communis
JF946774 China Pyrus communis
FJ970960 Turkey Apple
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Figure 2. Phylogenetic analysis using neighbor-joining based on the nucleotide sequences of the ASPV CP region. (Red
highlights indicated new isolates from this study and only >55% values were shown).

Sekil 2. ASPV CP bélgesinin niikleotid dizilerine dayali komsu birlestirme yontemi ile olusturulan filogenetik agag. (Kirmizi
isaretli izolatlar, bu ¢calismadan elde edilen yeni izolatlari gOstermekte olup sadece % 55 iizeri degerlere yer verilmistir).

The phylogenetic tree shows that the isolates selected from Genbank and the isolates newly sequenced in
this study were clustered in six different phylogroups. Figure 2 shows that seven novel isolates sequenced
by this study clustered in group 1 with other 18 isolates from Poland, Belgium, China, Brazil, South Korea,
India and Turkey. The phylogrup 2 consists of 14 isolates from Turkey, Ukraine, South Korea, China,
Poland, Greece and Chech Rrepublic. While the phylogroup 3 has the Chinesee isolates, the other
phylogroups hosted isolates from China and Brazil. The constructed phylogenetic tree revealed that there
is no gruping in terms of origin and host plant for ASPV. The coloured matrix constructed by using SDT
showed that the similarity rate of new Turkish isolates mostly ranged between 79-93% (Figure 3) while the
newly sequenced isolates OPF476711, OPF476713 and OPF476708 has a similarity index lower than 79 %.
In a similar study, he CP gene showed considerable diversity across all sequenced viral isolates (70.7-93.5%
at the nucleotide level and 77.8-98.7% at the amino acid level) (Komorowska et al., 2010). The findings
obtained in the study are in agreement with our research.
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Figure 3. Coloured similarity matrix of newly sequenced isolates with GenBank reference isolates for phylogenetic tree.
Sekil 3. Filogenetik agac icin GenBank referans izolatlar1 ile bu calismada elde edilen izolatlarin renkli benzerlik matrisi.

A study revealed considerable inter- and intra-group variability across the samples from various nations
and host plants, demonstrating the existence of ASPV based on CP sequences, host plant, and the chosen
identification assay showing isolates had a propensity to cluster together in a phylogenetic analysis.
(Mathioudakis et al., 2021). Another study in agreement with the findings in this article was Yoon et al.
(2014), revealed that whereas the amino acid sequence similarity of eight ASPV isolates ranged from 87.7
to 98.5%, the nucleotide sequence identity ranged from 77.0 to 97.0%. In another study with different results
from our study, the phylogenetic tree obtained with ASPV isolates was divided into two main groups (Hu
et al., 2017). The reasons for these different findings may be the number of isolates, the number of data
entered from countries, and the differences in the studied gene region. According to previous finding (Liu
et al., 2012), the ASPV isolates' phylogenetic grouping seemed to match the hosts from which they were
separated; however, the results of this investigation lacked sufficient sequencing data to substantiate these
findings. Since prior studies (Komorowska et al., 2010; Wu et al., 2010; Liu et al., 2012; Yoon et al., 2014)
mostly addressed on molecular features of CP of ASPV isolates from Korla pear and apple, we verified the
connection between the apple isolates.

CONCLUSION
In conclusion, this papers includes the prevalence rate and molecular characterization of ASPV isolates
obtained from Isparta, an important apple producing province of Turkey. The research describes the
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sequence information for the CP gene region of ASPV isolates and reveals their phylogenetic relationships
according to the CP gene region with reference isolates in GenBank. Research results contain information
about the latest situation of ASPV in Turkey. In order to better understand the prevalence rate and
population structure of ASPV in Turkey, it may be recommended to conduct surveys in different areas and
to sequence different regions of the virus genome.
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Fecundity and Clutch Size of Green Shield Bug [Palomena prasina L. (Hemiptera: Pentatomidae)]
Findik Yesil Kokarcasi [Palomena prasina L. (Hemiptera: Pentatomidae)]'nin Yumurta Paket Sayisi ve
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Abstract: This study was conducted to determine the fecundity, oviposition rhythm and clutch number variations of overwintering adult green shield
bug (GSB) Palomena prasina (Hemiptera: Pentatomidae) in cages in hazelnut. The adults of GSB collected from hazelnut orchards were taken into cages
on selected branches, one pair of overwintering adults were placed in each cage and the study was carried out with 20 repetitions. Daily observations
were made during April-June (April 18-June 22) and it was found that the pest laid 94.88 eggs per female as a result of feeding on hazelnut fruits under
field conditions. Oviposition period of females was found as 32 days on average. The average number of egg clutches laid per female is 4.38 and it was
found that GSB laid eggs from the last week of April until the third week of June. The time required for each oviposition was varied and the average
time was found as minimum 5 days and maximum 11.47 days. While postoviposition period was found as 12.25 days on average, death was found to
occur on day 54.3 on average in overwintering females. It was found that most of the 79 clutches laid by the pest under cage conditions were included
28 and 14 eggs and there were an average of 21.62 eggs in the clutches laid by the bug. As a result, the determination of reproductive behaviours of
the pest will also contribute to biological researches aiming to develop life tables, population models and biological control measures.

Keywords: Palomena prasina, Fecundity, Clutch size, Oviposition period
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Oz: Bu calisma, findik yesil kokarcasi (FYK) Palomena prasina L. (Hemiptera: Pentatomidae)'nin kigslamus erginlerinin findikta kafeslere alinarak iireme
kabiliyetini, yumurta birakma ritmini ve yumurta paket sayisindaki degisimlerini belirlemek amaciyla yapilmigtir. FYK'nin kiglayan erginleri bahge
igerisinde se¢ilmis dallarda kafeslere alinmis olup, her kafese birer ¢ift kiglamis ergin yerlestirilerek calisma 20 tekerriirlii olarak ytiriitiilmustiir. Nisan-
Haziran (18 Nisan-22 Haziran) aylarinda giinliik gézlemler yapilmig ve zararlinin arazi kosullarinda findik meyveleri ile beslenmesi sonucunda disi
bagina 94.88 yumurta biraktig: tespit edilmistir. Disilerde yumurta birakma siiresi ortalama 32 giin olarak bulunmustur. Disi bagina diisen ortalama
yumurtlama sayisi 4.38 olup, FYK'nin Nisan aymin son haftasindan Haziran aymin tigiincii haftasina kadar yumurta biraktig1 tespit edilmistir. Her
yumurtlama igin gereken siire degiskenlik gostermekte olup, ortalama siire minimum 5 giin, maksimum 11.47 giin olarak bulunmustur. Son yumurta
birakma ve 6liim arasinda gegen siire ortalama 12.25 giin olarak bulunurken, kislayan disilerde 6liimlerin ortalama 54.3 giinde gergeklestigi tespit
edilmistir. Zararlinin kafes kosullarinda biraktig1 79 adet yumurta paketinin ¢ogunun 281i ve 14'lii paketler oldugu ve bocegin biraktig1 yumurta
paketlerinde ortalama 21.62 adet yumurta oldugu tespit edilmistir. Sonug olarak, zararlinin iireme davraniglarinin belirlenmesi, yasam tablolarinin,
popiilasyon modellerinin ve biyolojik miicadele 6nlemlerinin gelistirilmesi gibi biyolojik aragtirmalara katk: saglayacaktir.

Anahtar Kelimeler: Palomena prasina, Ureme kabiliyeti, Yumurta paket sayisi, Yumurtlama periyodu

Atf/Cite as: Saruhan, 1., Ozdemir, I. O., & Tuncer, C. (2022). Fecundity and Clutch Size of Green Shield Bug [Palomena prasina L. (Hemiptera:
Pentatomidae)], Uluslararas: Tarim ve Yaban Hayat1 Bilimleri Dergisi, 8(3), 484-490. doi: 10.24180/ijaws.1135035

intihal-Plagiarism/Etik-Ethic: Bu makale, en az iki hakem tarafindan incelenmis ve intihal icermedigi, arastirma ve yaym etigine uyuldugu teyit
edilmistir. / This article has been reviewed by at least two referees and it has been confirmed that it is plagiarism-free and complies with research and
publication ethics. https://dergipark.org.tr/tr/pub/ijaws

Copyright © Published by Bolu Abant Izzet Baysal University, Since 2015 — Bolu

! Assist. Prof. Dr. I. Oguz Ozdemir, Sakarya University of Applied Sciences, Faculty of Agriculture, Department of Plant Protection,
oguzozdemir@subu.edu.tr (Corresponding author)

2 Assoc. Prof. Dr. Islam Saruhan, Ondokuz Mayis University, Faculty of Agriculture, Department of Plant Protectiton, isaruhan@omu.edu.tr

3 Prof. Dr. Celal Tuncer, Ondokuz Mayis University, Faculty of Agriculture, Department of Plant Protectiton, celalt@omu.edu.tr

*This work is licensed under a Creative Commons Attribution 4.0 International License


https://orcid.org/0000-0003-0229-9627
https://orcid.org/0000-0001-9095-2109
https://orcid.org/0000-0002-9014-8003

Fecundity and Clutch Size of Green Shield Bug [ Palomena prasina L. (Hemiptera: Pentatomidae)]

INTRODUCTION

Pentatomidae is one of the families which include the highest number of species in the order of Hemiptera.
This family include important pests in terms of agricultural production (Kaur and Singh, 2020; Panizzi et
al., 2000). Green shield bug (GSB) Palomena prasina L. (Heteroptera: Pentatomidae) is differentiated from
other bug species (Pentatomidae, Coreidae, and Acanthosomatidae) due to its density (~85%) and
occurrence above the economic threshold level in Turkish hazelnut orchards. GSB causes decrease in yield
and kernel quality of hazelnut during the all season by piercing in and sucking the fruits in many types
(Tuncer et al., 2005; 2014). These included, aborting during early season, empty and grey-black nuts during
nut development stage, shriveled kernels during kernel development and necrotic kernels during kernel
filling/development (Tuncer et al,. 2014). Moreover, in addition to Turkey, this bug causes yield and quality
losses in hazelnuts in Italy and Georgia (Moraglio et al., 2018; Arzone et al., 2000).

The reproductive performance of Hemipterans varies greatly depending on the plant they feed on,
including egg hatchability, fecundity, number of copulations, daily mating rhythms, and preoviposition
duration. (McLain et al., 1990; Panizzi, 1997; Schotzko and O’Keeffe, 1990a; Wang and Millar, 1997).
Palomena prasina of sexual index was 1:2 in favor of females. Overwintered adults survived until end of
June, thus overall adult longevity longed almost 10 months (Saruhan and Tuncer, 2006).

Ovipositional rhythm of stink bugs have two main components as total egg laying rhythm and 24-hour egg
laying circle (Schotzko and O’Keeffe, 1986). Whole oviposition rhythm of a bug which lays clutches in every
few days consists of two components as the number of days between clutches laid and the number of eggs
in each clutch. This oviposition time preference is unique for bugs that lay their eggs in clutches because
their short egg laying periods are differentiated from longer periods in which no eggs are laid (Schotzko
and O'keeffe, 1990b).

This study, which was carried out under field conditions inside cages in hazelnut production areas, was
conducted to find out the variations in the fecundity, ovipositional rhythm and clutch size of overwintering
adults of GSB.

MATERIAL AND METHOD

Bug Collection

Overwintering adults of GSB used in the study were collected from the hazelnut production areas in
Carsamba and Atakum districts of Samsun province where hazelnut production is intense by using beat
and bedsheet method, taking into consideration their time of emerging winter quarters.

Cage Trials

The collected overwintering adults were taken in cages of 50 x 70 cm made from plastic sieves by selecting
branches of appropriate size and fruit in hazelnut orchards, one pair of overwintering adults were placed
in each cage and the study was carried out in 20 repetitions. Each repetition was checked daily and the
study was continued until the females died. In case of death of males, substitute males were placed for the
continuity of parameters obtained.

Daily observations were made during April-June (April 21-June 22) and oviposition times and the number
of eggs in clutches was recorded. The study was continued until the last day overwintering adults died and
the number and days of clutches laid for 68 days were recorded. Thus, the data regarding the oviposition
period and the intervals between first - second, second - third, third - fourth, fourth - fifth, fifth - sixth, sixth
- seventh, seventh — eighth, eighth - ninth, ninth - tenth and first - tenth ovipositions were calculated
(Panizzi and Mourao, 1999).

RESULTS AND DISCUSSION

As a result of feeding on hazelnut under field conditions, overwintering GSB females laid at least 28 and
at most 198 eggs per female and they produced an average of 94.88 eggs on the lower surface of hazelnut
leaves and rarely on the upper surface of leaves and leaf stalk and after laying the egg, they brought it
closer to other eggs with their hind legs and form a regular clutch (Table 1).
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Table 1. Reproductive performance of P. prasina in field cages [Mean+SE (min.-max. value)] [n=number of female
oviposition].
Tablo 1. Kafeslerdeki P. prasina’nin iireme performansi [Ortalama+SH (min.-mak. deger)] [n=yumurtlayan disilerin sayist].

Number/Female
% females
ol Total
ovipositing Egg masses Total laid egg ot
eggs/masses
90 [18] 4.38:0.72 (1-10) 94.88+15.53 (28-198) 21624321

Oviposition period of females was found as minimum 15 days, maximum 50 days and an average of 32
days. The number of average clutches per female was 4.38 and maximum and minimum number of clutches
was found as between 1 and 10, respectively (Table 1, 2).
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Figure 1. Total egg numbers laid on different days by P. prasina in field cages.
Sekil 1. Kafeslerde bulunan P. prasina tarafindan farkly giinlerde birakilan toplam yumurta sayisi.

The first clutches laid in cages were found on April 25, while the last clutch was found on June, 18. As of
April 25, the number of eggs laid increased gradually and reached the maximum number of 374 eggs as of
May 4 (Figure 1). With this study carried out in different cages with 20 pairs of individuals, GSB was found
to lay eggs starting from the last week of April until the third week of June.

Since overwintering adults were used in the study, preoviposition period was not determined. The time
required for each oviposition was differed and the average oviposition intervals were detected as minimum
5 and maximum 11.47 days. In addition, average oviposition period was found as 32 days (min. 15 — max.
50). While postoviposition period was determined as 12.55 (min. 4 — max. 25) days on average, the death of
females was found to occur in 54.3 (min. 13 — max. 62) days on average (Table 2).
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Table 2. Mean time+Sh (min.-max. days) of oviposition intervals, oviposition and postoviposition period and death of
female of P. prasina in field cages [n].

Tablo 2. Kafeslerdeki P. prasina’min disilerinin ovipozisyon arali§inin, yumurtlamasinin, postovipozisyon periyodunun ve
oliimlerin ortalama zamani+Sh (min.-mak. giinler).

Oviposition N Death of
Postoviposition

6

7.
1.-2. 2.-3. 3.-4. 5.-6. 8. -

9
period

ovp. ovp. ovp. 4.-5. ovp. ovp. .- 10. period
ovipos

ition

female

8.17+2.07 11474264 9.16+2.35 6.8742.29 7.5:2.35
5:0.00  32+4.60 12.55+1.87 54.3+3.39
(5-15) (5-35) (5-20) (5-10) (5-15)
1] (15-50) (4-25) (13-62)
[17] [16] [12] [8] [4]
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Figure 2. Frequency of masses size of P. prasina in field cages.
Sekil 2. Kafeslerde bulunan P. prasina’nin yumurta paket sayisimin frekans.

In hazelnut orchard cage trials, when the frequency distribution of egg numbers in clutches of GSB was
examined, it was found that a great majority of number of eggs in clutches were in groups of 28 and 14. An
average of 21.62 (min. 2 — max. 41) eggs were found in clutches laid by the pest (Table 1). It was found that
26 of the 79 clutches had a group of 28 eggs, 21 clutches had a group of 14 eggs, 5 clutches had a group of
27 eggs, 3 clutches had a group of 12 eggs, 2 clutches had groups of 30, 26, 25, 10 and 2 eggs and 1 clutch
had groups of 41, 40, 39, 38, 35, 29, 22, 21, 20, 16, 15, 13, 6 and 4 eggs. While the number of eggs in the first
clutches laid by GSB was 28, there were generally 14 eggs in clutches green shield bug laid towards the end
of its life (Figure 2).

Although the GSB is one of the most important pests in Turkey hazelnut orchards (Tuncer et al., 2005; 2014)
and its presence has also been reported in some hazelnut producing countries such as Italy and Georgia
(Bosco et al., 2018; Tavella et al., 2018), there is no up-to-date and sufficient information about the bug's
fecundity.

Kurt (1975) reported about 20 (1-56) eggs on average in clutches of GSB. Similarly, the bug laid its eggs in
clutches in the present study and there were 21.62 (2-41) eggs in an average clutch. GSB lays an average of
94.88 (28-198) eggs during oviposition period. It has been reported that in stink bugs, average number of
clutches, total number of eggs laid and average number of eggs per clutch differed according to the type of
the bug and the host plant (Panizzi and Mourao, 1999; Silva et al., 2011).
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It was found that adult females of Halyomorpha mista (Hemiptera: Pentatomidae) laid egg clutches with
intervals of 4-5 days on average under laboratory conditions. In addition, it was observed that females in
the field laid eggs starting from June until the end of August (Kawada and Kitamura, 1983). Similarly, egg
laying interval of GSB was found to occur in intervals of 5 days or in multiples of 5 days. In addition, it was
found that the adults that left winter quarters laid eggs starting from the last week of April to the third
week of June in hazelnut orchards.

While the first two clutches laid by overwintering GSB were predominantly in groups of 28 or more, the
clutches laid after the second oviposition were generally clutches of 14 eggs. In addition, the highest
number of clutches (41) was found to occur as a result of the first oviposition. In a study by Kurt (1975)
with the same pest, it was found that a great majority of clutches were laid in groups of 28 and 14. Similarly,
as a result of a study conducted by McMlain et al. (1990) on Nezara viridula (Hemiptera: Pentatomidae), it
was reported that the number of eggs laid in a row tended to decrease gradually, the clutches laid first
were two times larger than the ones laid later and the pest laid the highest number of clutch in the second
or third oviposition. In parallel with the results of our study, the number of eggs in clutches laid by adult
females of H. mista, which has a pair of ovaries consisting of 7 ovarioles, was commonly determined to be
28 (Kawada and Kitamura, 1983). Mating and adequate nutrition are prerequisites for full spawning in
Perillus bioculatus (Hemiptera: Pentatomidae). The virgins laid an average of 22 eggs compared to 138 eggs
in multiple matched controls and 84 eggs alone. It is 42 in mated females and 42 in multiple mated females
given an artificial diet. The clutch count was not significantly affected by the accumulative process, but the
number of eggs per clutch was significantly lower in virgins and those given an artificial diet compared to
controls or one-time mating females. The number of eggs per clutch did not change significantly as the
female aged. Ovulation rates were calculated for each female over 5-day periods and presented as daily
eggs. As females age, a decrease in the daily number of eggs they lay is associated with an increase in time
(Adams, 2000).

The number of ovarioles in insects can vary significantly from one (Coleoptera) to thousand (termites)
(Chapman et al., 2013; Nijhout, 1998). The number of ovaries observed in N. Viridula is the same as
described with other Hemipteran species (ovaries between 8 and 14) (Biining, 1994). It has been stated that
the variation in the number of ovarioles is not only common within species, but it may also be seasonal or
it may be affected by the reproduction strategy of the insect. It has been reported that in addition to the
production of different sizes of eggs, the variation in the number of ovarioles may also affect the
development of offspring or female reproduction capacity (Stewart et al., 1991; Tschinkel, 1987; Wellings
et al., 1980). Single N. viridula isolated in mating chambers with six females differed in the number of
matings obtained. Females mating with relatively successful males were more fertile than females mating
with less successful males (McLain and Marsh, 1989).

CONCLUSION

In the present study, the fecundity, number of clutches and the length of oviposition period of GSB have
been determined. In addition, the determination of reproductive behaviors of its will also contribute to
biological research aiming to develop life tables, population models and biological control measures.
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Atriplex nitens Schkuhr’in Ot Verim ve Kalite Ozelliklerine Farkli Azot ve Fosforlu Giibre
Dozlarinin Etkisi*

The Effect of Different Nitrogen and Phosphorus Fertilizer Doses on the Herbage Yield and Quality
Properties of Atriplex nitens Schkuhr
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Oz: Alternatif yem bitkisi olarak tercih edilen Selvi sirken (Atriplex nitens Schkuhr) bitkisinde ot verim ve kalite degerleri {izerine giibreleme konusu
ile ilgili 6ncesinde ytriitiilmis bir ¢alismaya rastlanilmamistir. Mevcut ¢aligma ile fosfor (0, 5, 10, 15 kg da') ve azotlu (0, 5, 10, 15 kg da™) giibre dozlar1
kombinasyon halinde uygulanarak, dal sayisi, ana sap kalinligy, bitki boyu, ham protein orani, yas ot ve kuru ot verimi, ham protein verimi, asit
¢oziiciilerde ¢dziinmeyen lif (ADF) orani, notr ¢oziiciilerde ¢oziinemeyen lif oran1 (NDF) ve nispi yem degeri (NYD) iizerine etkisi belirlenmeye
caligtlmigtir. Bu amagla 2020 yilinda Igdir Universitesi Tarimsal Uygulama ve Arastirma Merkez Miidiirliigiine ait sulu deneme arazisinde tesadiif
bloklarinda faktoriyel diizenlemeye gore tig tekerriirlii bir calisma planlanmustir. Analiz sonuglar: sadece fosforlu giibre dozlar1 ve ikili interaksiyonun
(ADF ve NYD) incelenen parametreler tizerine énemli bir etkisinin oldugunu gostermistir. Arastirma sonucunda fosforlu giibre dozu arttik¢a verim
unsurlarmin arttigs, kalite degerlerinin ise diistiigii goriilmiistiir. Buna gore dekara 15 kg saf fosforlu giibre uygulamalarindan en yiiksek yas ot verimi
(17379.6 kg da), kuru ot verimi (4899.3 kg da') ve ham protein verimlerinin (427.15 kg da™) elde edildigi saptanmistir. ikili interaksiyon agisindan ise
en diisiik ADF icerigi (%38.87) ve en yiiksek NYD (94.22) sirastyla N1oPs ve NisPo uygulamalarindan elde edilmistir. Sonug olarak Selvi sirken bitkisinin
azotlu glibrelemeye tepkisinin bulunmadig1 ancak fosforlu giibrelemeye tepkisinin yiiksek oldugu ortaya konmustur.

Anahtar Kelimeler: Giibreleme, besin igerigi, selvi sirken, sulu kosullar, verim unsurlar.

&

Abstract: There has been no previous study on fertilization on hay yield and quality values of Atriplex nitens Schkuhr. considered as an alternative
feed source. With the present study, phosphorus (0, 5, 10, 15 kg da) and nitrogen (0, 5, 10, 15 kg da™) fertilizer doses were applied in combination,
and the effect of fertilizer doses on plant height, main stem thickness, number of branches, crude protein ratio, fresh herbage and dry herbage yield,
acid detergent fibre (ADF), neutral detergent fibre (NDF), relative feed value (RFV) and crude protein yield was tried to be determined. For that
purpose, a three-replication study was designed in randomized blocks according to factorial experiment design in the irrigated experimental field of
Igdir University Agricultural Practice and Research Center in 2020. The analysis results showed that only phosphorus fertilizer doses and binary
interaction (ADF and RFV) had a significant effect on the examined characteristics. In the results of studying, it was observed that as the dose of
phosphorus fertilizer increased, the yield elements increased, whereas the quality values decreased. In the study, it was determined that the highest
fresh hay (17379.6 kg da™), dry hay (4899.3 kg da) and crude protein yields (427.15 kg da™) were obtained from 15 kg P-Os da application. In terms
of binary interaction, the lowest ADF content (38.87%) and the highest RFV (94.22) were obtained from NP5 and NisPo applications, respectively. As
a consequence, it was determined that Atriplex nitens had no reaction to nitrogen fertilization, but its reaction to phosphorus fertilization was high.

Keywords: Fertilization, forage quality values, mountain spinach, irrigated conditions, yield elements
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GIRIS

Kaba yemler ruminantlarin yasama ve verim pay1 i¢in gereksinim duydugu mineral, vitamin ve besin
madde ihtiyaglarin1 ucuz bir sekilde karsilayan onemli yem kaynaklaridir. Ancak ucuz kaba yem
materyallerinin temin edildigi cayir-mera alanlarinin bilingsiz (asiri, erken-ge¢ otlatma) kullanimi ve yem
bitkileri ekim alanlarimin azlig: ¢iftlik hayvanlarinin gereksinim duydugu kaliteli kaba yem miktarimi
karsilamakta yetersiz kalmaktadir (Acar vd., 2015). Bu nedenle bilim insanlar1 ve iireticiler birim alandan
daha fazla iirtin alabilmek ve kaba yem agigini kapatabilmek i¢in farkl: alternatif bitkilere ve agronomik
uygulamalara yonelmislerdir. Agronomik uygulamalar icerisinde ise 6zellikle giibreleme birim alandan
yiiksek miktar ve kalitede yem materyali iiretmesi nedeniyle 6nemli bir yer tutmaktadir. Toprakta bitkiler
icin gerekli 13 besin elementi bulunmakta olup, bunlar icerisinde azot ve fosfor bitkilerin saglikl1 bir sekilde
gelismesinde, verim ve kalitesinin yiikseltilmesinde gerekliligi yiiksek olan besin elementleridir (Gokmen
ve Sakin, 2001; Kacar ve Katkat, 1999; Khasawneh vd., 1980; Ragothama, 1999; Vance vd., 2003). Oncesinde
farkli yem bitkisi tiirleri ile yapilan ¢alismalarda azot ve fosforlu giibrelemenin birim alandan elde edilen
verimleri arttirdig1l ve yem kalitesini olumlu yonde etkiledigi ortaya konmustur (Ates ve Tekeli, 2017;
Celebi vd., 2010; Karaca ve Cimrin, 2002; Ozdemir vd., 2019). Ayrica horoz ibigi, yemlik kolza ve kinoa gibi
alternatif yem kayag1 olarak degerlendirilen tiirlerde de artan azot ve fosfor dozu ile birlikte arzu edilen
verim (bitki boyu, yaprak sayisi, ham protein verimi, yas ve kuru ot verimi) ve kalite parametrelerinin
(ham protein ve ham kiil orani) lineer bir sekilde arttig1 tespit edilmistir (Dumanoglu ve Geren, 2019; Geng
ve Acar, 1999; Ozyazml vd., 2020; Temel ve Surgun, 2019). Ancak familya, cins ve tiirlere gore bitkilerin bu
iki besin elementine tepkileri farklilik gostermektedir (Erley vd., 2005, Gomaa, 2013; Temel ve Surgun,
2019). Ayrica bitkiler i¢in énemli olan bu iki besin elementinin eksikligi veya fazlaligi durumunda bazi
olumsuzluklar (boy kisalmasi, yatma, renk degisimleri, verim ve kalitede farkliliklar v.b.) ortaya
¢ikmaktadir (Assuero vd., 2004; Colomb vd., 2000; Erley vd., 2005; Igbal vd., 2003). Nitekim Carlsson vd.
(1984) alternatif yem kaynag1 olarak kullanilan kinoada belirli bir doza kadar artan azotlu giibrelemenin
bitkinin kuru ot ve ham protein verimini arttirdigl, ancak sonraki artan dozlarinn ise etkisiz oldugunu
belirtmislerdir. Bu nedenle bitkilerden yiiksek miktarda ve kalitede iiriinlerin elde edilebilmesi ve yapilan
tiretimin karli olabilmesi igin bitkilerin ve bolgenin ekolojik 6zellikleri (iklim ve toprak 6zellikleri) dikkate
alinarak dogru zamanda ve gereksinim duyulan uygun giibre cinsi ve miktarlarinin belirlenmesi biiytiik
onem arz etmektedir. Nitekim gereksinim duyulan besin elementlerinin bitkilere dogru zamanda verildigi
takdirde 6nemli miktarda verim ve kalite artislarinin saglandig1 rapor edilmistir (Kacar ve Katkat, 1999).

Gereksinim duyulan kaba yem iiretiminin arttirlmasinda diger bir ¢6zlim, terk edilmis (marjinal alanlar)
veya nadasa birakilmis alanlarda ya da miinavebe sistemlerinde uygun cins ve gesitlere ait yem bitkileri
tariminin yayginlastirilmasidir (Acar vd., 2015; Yolcu ve Tan, 2008). Fakat iiretimi yapilan pek ¢ok yem
bitkisi tiirti ekstrem Ozellikler gosteren marjinal alanlarda ekonomik olarak yetistirilemediginden, bu
alanlara uyum yetenekleri yiiksek alternatif yem bitkisi tiirlerinin tercih edilmesi bir avantaj olarak
goriilmiistiir (Keskin vd., 2021; Keskin ve Temel, 2022; Tan ve Temel, 2012; 2020; Temel ve Keskin, 2022a;
2022b; Temel vd., 2020; Temel ve Tan, 2020; Temel ve Yolcu, 2020). Bu tiirlerden bir tanesi de sicaga, soguga,
kurakliga, tuzluluga ve verimsiz alanlara dayanimi yiiksek olan tek yillik otsu tiir olan Selvi sirken (Atriplex
nitens) bitkisidir (Doudova vd., 2017; Dursun ve Acar, 2015; Kurgan, 2022). Bitkinin erken gelisme
donemlerinde &zellikle yapraklari insan beslenmesinde siklikla kullanildigi gibi birim alanda iirettigi
yiiksek miktardaki ot hayvan beslenmesinde yem kaynagi olarak da tercih edilmektedir (Acar ve Giincan,
2002; Acar vd., 2017; Munra ve Small, 1997; Redzic, 2006). Nitekim 6ncesinde yapilan ¢alismalarda ekim ve
hasat dénemlerine gore degismekle birlikte hicbir sulama ve giibre kullanilmadan Selvi sirken bitkisinden
dekara 4.8-7.4 ton yas ot ve 1.5-2.6 ton kuru ot (Keskin ve Temel, 2022) ve yine hicbir giibre kullanilmadan
sulu kosullarda yetistirildiginde ise 11-17 ton yas ot, 2,7-4,9 ton kuru ot ve 311-469 kg ham protein
verimlerinin alindigini rapor etmislerdir (Temel ve Keskin, 2022b).

Selvi sirken bitkisi iilkemizde Erzurum, Kars, Tokat, Ankara, Kayseri ve Konya illerinde dogal olarak
yetismesine ragmen (Acar vd., 2017; Temel vd., 2017), bu tiirle ilgili yiiriitiilmiis agronomik ¢alisma sayist
cok kisith diizeydedir. Ozellikle tarla kosullarinda giibreleme ile ilgili 6ncesinde yiiriitiilmiis bilimsel
calisma sayis1 bulunmamaktadir. Mevcut calisma ile Selvi sirken bitkisinin optimum gelisme gosterdigi
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besin elementlerine (azot ve fosfor) olan gereksinimler ortaya konulmaya ¢alisilmistir. Boylelikle ciftciler
uygun azot ve fosfor giibre dozu uygulamalariyla birim alandan yiiksek verimler elde edebilecek ve
sonugta ise karli bir iiretim yapmis olacaklardir. Yine sonrasinda yapilacak agronomik c¢alismalar icin
mevcut arastirma sonuglar1 temel olusturacaktir.

MATERYAL VE METOT

Selvi sirken (Atriplex nitens) bitkisinin materyal olarak kullanildi$1 mevcut ¢alisma, 2020 yilinda Igdir
Universitesi Tarimsal Uygulama ve Arastirma Merkez'ine ait sulu deneme alaminda yiiriitiilmiistiir.
Arastirmada gilibre materyali olarak %21’lik amonyum siilfat (N) ve %39-41'lik triple siiper fosfat (’20s)
glibreleri kullanilmistir. Tiirkiye'nin en kurak iklimine sahip Igdir ilinde uzun yillar ortalamasina gore
yilik yagis miktar1 265.4 mm, nispi nem degeri %54.6 ve ortalama sicaklik ise 12.4 °C’dir. Calisma 2020
yilinda yiiriitiilmiis ve tek yillik olmas1 nedeniyle de bitkinin yetisme siiresi boyunca deneme yilina ve
uzun yillara ait baz1 iklim 6zellikleri Cizelge 1'de yer almistir (MGM, 2021). Bu verilere gore arastirmanin
yuriitiildtigi 2020 yili, uzun yillara gore daha yagisl ve iliman bir yil olmustur. Parselizasyon sonrasi
deneme sahasindan 0-30 cm derinliginden toprak drnekleri (0-30 cm) alinmis ve yapilan analiz degerlerine
gore topraklarin; killi-tinli, orta kiregli (%7.893), tuzsuz (%0.0115) ve alkali (pH: 8.22) karakterde, azot (0.03
kg da™) ve organik madde igerigi (%0.527) ¢ok az, elverisli potasyum (3.372 kg da!) ve fosfor (156.22 kg da-
1) igeriginin ise yiiksek oldugu belirlenmistir (Kacar, 2012).

Cizelge 1. Calismanin yiiriitiild{igii bolgenin uzun yillar ve 2020 yilina ait baz1 iklim verileri *
Table 1. Some climatic data of the region where the study was carried out for long years and 2020%.

Aylar Yagis (mm) Sicaklik (°C) Nispi nem (%)

2020 UYO** 2020 UYO 2020 UYO
Mart 18.1 22.7 10.6 6.9 56.5 54.85
Nisan 83.6 31.25 11.7 12.75 64.8 52.95
Mays1s 76.1 37.65 18.6 18.75 55.0 51.35
Haziran 15.7 234 23.9 23.95 447 45.85
Temmuz 30.2 7.55 26.7 26.75 484 41.7
Toplam/Ortalama 223.7 122.6 18.3 17.8 53.9 49.3

*MGM: 2021, **Uzun yillar ortalamasi

Arastirma sulu sartlarda tesadiif bloklarinda faktoriyel deneme desenine gore tii¢ tekerriirlii olarak
kurulmustur. Incelenen parametreler iizerine besin elementlerinin etkisini belirlemek igin dért farkl azot
(No: 0, Ns: 5, N1o: 10 ve Nis: 15 kg da’) ve fosfor dozu (Po: 0, Ps: 5, Pio: 10 ve P1s: 15 kg da™) test edilmistir.
Calismada azot ve fosfor dozlar1 kombinasyon halinde parsellere yerlestirilmis ve toplamda 48 parsel yer
almistir. Her bir parselde 6 sira olacak sekilde (45.0 cm sira arasi) parseller dizayn edilmis ve buna gore
parsel alan1 8.1 m? (3.0 m x 2.7 m) olarak ayarlanmistir. Giibre doz uygulamalarinin diger bitkilere
(parsellere) etkisinin olmamas: icin de blok ve parseller arasinda 2.0 m bosluk birakilmistir. Ekimler
ilkbahar yagislar1 miiteakiben Mart aymnin son haftasi (21.03.2020) igerisinde 45 cm sira aras1 ve 10 cm sira
tizeri mesafe olacak sekilde ocak usulii yapilmistir. Tohumlar markérle agilan ¢izilere 3-4 cm derinliginde
olacak sekilde elle ekilmistir. Fideler toprak ylizeyine ¢ikis yapincaya kadar sulama yapilmamis ve daha
sonraki donemlerde bitkilerin su gereksinimleri toprak nem Ol¢me cihazi ile belirlenerek topraktaki
yarayish suyun %50’si tiikendiginde yagmurlama ile gerceklestirilmistir. Arastirma siiresince deneme
sahasi igerisinde ¢ikan yabanci otlar elle ¢ekmek veya c¢apalamak suretiyle kontrol altina alinmaistir.
Arastirmada bitki hasatlar1 7.5 cm amiz yiiksekligi kalacak sekilde cigeklenme baslangicinda yapilmistir.
Fakat azot ve fosfor doz uygulamalarina bagh olarak bitkilerin bi¢im (hasat) olgunluguna ulasmalar1
farklilik gosterdiginden tiim parseller ayni tarihte hasat edilmemistir. Bitkiler belirlenen gelisme donemine
geldiginde parsel baslarindan 0.5 m ve parsel kenarlarindan da birer sira kenar tesiri olarak bicilip atilmis
ve geri kalan alan igerisinden asagidaki dl¢iimler yapilmistir.

Bitki boyu (cm) toprak seviyesinden salkimin ucuna kadar olan aralik dlgtilerek, sap kalinlig1 (mm) toprak
seviyesinden 7.5 cm yiikseklikten dijital kumpasla 6lgiilerek ve bitki bagina dal sayisi ise ana gévdeden
¢ikan dallar sayilarak belirlenmistir. Bu 3 &zellik parsel igerisinden tesadiifen secilen 10 bitki {izerinden
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yapilmistir. Hasat alani i¢inden bigilen 3.6 m?lik kisim hassas arazi tipi terazi ile tartilip agirliklar:
belirlenmis ve daha sonra bitkilerin dekara yas ot verimleri kg cinsinden hesaplanmistir. Bigilen yas ottan
temsili olarak tartilip alman 1000 g 6rnek 3-4 giin siire ile dnce agik havada ve daha sonra ise kurutma
firinda (70 °C’ye ayarl) sabit agirliga gelinceye kadar bekletilmis ve kuru madde oranlar tespit edilmistir.
Sonrasinda ise kuru madde degerleri yas ot verimlerine oranlanarak kg cinsinden dekara kuru ot verimleri
hesaplanmistir. Ot 6gilitme degirmeninde (1 mm elek ¢apindaki) 6giitiilmiis yem materyallerinde Mikro
Kjeldahl metoduna gore 6nce % N oranlar1 ve sonrasinda ise bu oranlar 6.25 katsayis: ile ¢arpilarak ham
protein icerikleri bulunmustur (AOAC, 1997). Dekara kuru ot verimleri ile ham protein oranlar1 ¢arpilarak
dekara ham protein verimleri tespit edilmistir. Bitkilerin asit deterjan lif (ADF) ve notr deterjan lif (NDF)
igerikleri Van Soest vd. (1991) tarafindan gelistirilen metot izlenerek tespit edilmistir. Nispi yem degerinin
belirlenmesinde ise; Esitlik (1), Esitlik (2) ve Esitlik (3) kullanilarak belirlenmistir (Sheaffer vd., 1995).

120

. O — 1

Kuru Madde Tuketimi (KMT, %) Y%NDF (1)

Kuru Madde Sindirilebilirligi (KMS,%) = 88.9 — (0.779 x %ADF) )
KMS x KMT

— St 3

NYD 1.29 ®)

Calismadan saglanan veriler tesadiif bloklarinda faktoriyel diizenlemeye gore JMP (5.0.1) istatistik paket
programi vasitasiyla varyans analizi yapilmis ve 6nemli bulunan ortalamalarin gruplandirilmas: LSD
testine gore gerceklestirilmistir.

BULGULAR VE TARTISMA

Bitki Boyu(cm) ve Ana Sap Kalinligr (mm)

Azot ve fosforlu giibre dozlarmin kombinasyonu halinde uygulandig1 mevcut ¢alismada bitki boyu ve ana
sap kalmnligina ait analiz bulgular1 ve ortalama veriler Cizelge 2'de yer almistir. Bu sonuglara gore bitki
boyu ve ana sap kalinlig1 {izerine sadece fosfor doz uygulamalarinin istatistiki olarak nemli oldugu
goriilmiistiir. Fosfor doz uygulamalarina bagh olarak bitki boylar1 3.07 m ile 3.37 m, ana sap kalinliklar1 ise
16.65 mm ile 21.29 mm arasinda degisim gostermis ve en yiiksek boylanma ve sap kalinlig: dekara 15 kg
fosfor dozu uygulamalarindan elde edildigi belirlenmistir. Bu sonuglar fosfor dozu uygulamasi arttik¢a
Selvi sirken bitkisinin boylanma ve ana sap kalinliklarinda artislar oldugunu gostermistir. Nitekim fosfor
bitkilerde boylanmaya ve govde kalinlasmasina neden olan 6nemli bir besin elementi olarak bilinmektedir
(Kacar ve Katkat, 2021).

Cizelge 2. Azot ve fosfor doz uygulamalarmdan elde edilen bitki boyu ve ana sap kalinligina ait ortalama degerler.
Table 2. Mean plant height and main stem thickness obtained from nitrogen and phosphorus dosing applications.

Bitki boyu (m) N Ana sap kalinlig1 (mm) N
Dozlar Po Ps P1wo Pis ortalama Po Ps P10 Pis ortalama
No 3.02 3.20 3.23 3.42 3.22 16.20 19.50 20.07 22.63 19.60
Ns 3.13 3.14 3.38 3.40 3.26 17.37 17.73 21.10 22.37 19.64
Nio 3.11 3.28 3.33 3.37 3.27 16.97 18.97 18.37 20.23 18.63
Nis 3.02 3.07 3.11 3.29 3.12 16.07 17.90 19.13 19.93 18.26
Portalama 3.07c¢** 3.17bc 3.26ab 3.37a 16.65c** 1853b 19.67ab 21.29a
LSD (.05 N:6.d.,, P:0.16, N x P: 6.d. N:6.d.,, P:1.66, NxP: 6.d.
V.K. (%) 5.79 10.47

**, farkl harflerle gosterilen ortalamalar %1 seviyesinde onemlidir, 6.d. onemsiz degerdir. N: Azot, P: Fosfor. V.K.: Varyasyon
katsayist
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Bu da bitki biiyiimesi ve gelisiminde fosforun diizenleyici ve yapisal bir besin element olmasmndan
kaynaklanmaktadir (Yun ve Kaeppler, 2001). Oncesinde Selvi sirken ile ayn1 aileden olan kinoa (Geren ve
Giire, 2017) ve horozibigi (Dumanoglu ve Geren, 2019) bitkisinde yapilan ¢alismalarda da artan fosforlu
giibre doz uygulamalarinin bitki boyunu arttirdig1 rapor edilmistir. Ayrica farkli yem bitkisi tiirleri ile
yliriitiilen arastirmalarda fosforlu giibrelemenin bitkilerde sap kalinliklarimi arttirdigy ifade edilmistir
(Ayub vd., 2012; Mahmud vd., 2003). Bu bilgiler, mevcut ¢alismamizda elde edilen sonuglar1 destekler
niteliktedir.

Dal Sayis1 (adet bitki) ve Yas Ot Verimi (kg da)

Dal sayis1 ve yas ot verimi {izerine fosfor doz uygulamalarmin etkisi istatistiki olarak 6nemli farklilik (%1)
gosterirken, azot dozu ile azot x fosfor doz etkilesimin etkisi ise onemsiz bulunmustur (Cizelge 3). Cizelge
3 incelendiginde, fosfor dozu arttik¢a dal sayis1 ve yas ot veriminde 6nemli artislar oldugu belirlenmistir.
Buna gore en yiiksek dal sayisi dekara 10 ve 15 kg fosforlu giibre uygulamasi yapilan parsellerden
belirlenmis ve bu iki fosfor doz uygulamasindan elde edilen dal sayilari istatistiki olarak ayni grupta yer
almistir. Artan fosfor doz uygulamasina bagli olarak dal sayilarindaki artisin, boylanmadan kaynaklandig:
diistiniilmektedir. Konu ile ilgili olarak Dumanoglu ve Geren (2019), bitkilere uygulanan fosfor dozu
arttikca bitki boyu ile beraber dal sayisinin da arttigini ifade etmislerdir. Nitekim mevcut ¢alismada da
artan fosfor doz uygulamalarina bagh olarak bitki boyunun arttig1 belirlenmistir (Cizelge 2). Yas ot verimi
agisindan degerlendirildiginde, en yiiksek yas ot verimi 17379.6 kg ile en yiiksek fosfor doz (Pis)
uygulamasindan belirlenmistir. En diisiik verimler ise hig fosforlu giibre uygulamasi yapilmayan ve 5 kg
da fosforlu giibre uygulamasi yapilan bitkilerden belirlenmis ve bu iki doz yas ot verimi agisindan aymn
istatistiki grupta yer almistir. Farkl bitki tiirleri ile 6ncesinde ytiriitiilen ¢alismalarda da artan fosforlu
glibrelemenin fotosentezi olumlu etkileyerek bitkilerde vejetatif gelisimi arttirdig1 ve bu nedenle de yas ot
verimlerinde artislara sebep oldugu ifade edilmistir (@zyazm ve Agikbas, 2019; Temel ve Surgun, 2019).

Cizelge 3. Azot ve fosfor doz uygulamalarmdan elde edilen dal say1s1 ve yas ot verimine ait ortalama degerler.
Table 3. Mean branch number and fresh herbage yield obtained from nitrogen and phosphorus dosing applications.

Dal sayis1 (adet bitki) N Yas ot verimi (kg da) N
Dozlar Po Ps P1o P15 ortalama Po Ps P P15 ortalama
No 444 49.2 50.3 51.3 48.80 9900.1  12272.1 152874 187785 14059.6
Ns 46.0 45.8 51.8 50.7 48.60 113849 12699.0 15818.7 18731.1 14658.4
Nio 449 48.7 49.7 51.3 48.05 12390.4 13869.8 15610.2 17035.4 14726.5
Nis 43.7 45.9 49.0 49.1 46.91 10845.1 123529 12976.5 14973.5 12787.0
Portalama 44.8c** 474Db 50.2 a 50.6 a 11130.1 ¢** 12798.4 ¢ 149232b 17379.6 a
LSD (0.05) N:6.d., P:2.21, NxP:o.d. N:6.d., P:1766.6, N x P: 6.d.
V.K. (%) 5.49 15.07

**, farkli harflerle gosterilen ortalamalar %1 seviyesinde onemlidir, 6.d. 6nemsiz degerdir. N: Azot, P: Fosfor. V.K.: Varyasyon
katsayis1

Kuru Ot Verimi (kg da"') ve Ham Protein Igerigi (%)

Selvi sirken bitkisinden saglanan ortalama kuru ot verimleri ve ham protein igerikleri Cizelge 4’de
sunulmustur. Sonuglar sadece kuru ot veriminin fosfor doz uygulamalarina bagh olarak farklilik
gosterdigini ve artan fosfor doz uygulamalari ile kuru ot verimlerinde 6nemli artislar oldugunu ortaya
koymustur. Buna gore kuru ot verimi (4899.3 kg da) en yiiksek P15 doz uygulamasindan, en az kuru ot
verimleri ise Po (0 kg da?) ve Ps (5 kg da!) fosfor doz uygulamalarindan elde edildigi belirlenmistir.
Benzer olarak Karaca ve Cimrin (2002) adi fig+arpa karisimlarinda, Temel ve Surgun (2019) ise alternatif
yem kayagi olarak degerlendirilen kinoa bitkisinde de en yiiksek kuru ot verimlerinin en yiiksek fosforlu
giibre doz uygulamalarindan elde edildigini ifade etmislerdir. Nitekim yeterli miktardaki fosfor bitki
gelisimini pozitif yonde etkileyerek verim bilesenlerini arttirmaktadir (Assuero vd., 2004; Vance vd., 2003).
Oysa fosfor dozunun azlig1 ise bitkilerde biiyiimeyi gerilettigi ve dolayisiyla verimlerde diisiislere neden
olabilecegi rapor edilmistir (Bolat ve Kara, 2017).

——
Uluslararas: Tarim ve Yaban Hayat: Bilimleri https://dergipark.org.tr/tr/pub/ijaws

495


https://dergipark.org.tr/tr/pub/ijaws

Siileyman TEMEL, Cihan SAHIN

Cizelge 4. Azot ve fosfor doz uygulamalarindan alinan kuru ot verimi ve ham protein igerigine ait ortalama degerler.
Table 4. Mean dry hay yield and crude protein content obtained from nitrogen and phosphorus dosing applications.

Kuru ot verimi (kg da?) N Ham protein icerigi (%) N
Dozlar Po Ps P1o P15 ortalama Po Ps P1o P15 ortalama.
No 2844.1 35443 4439.1 51147 3985.5 9.33 9.99 9.15 8.86 9.33
Ns 34539 3843.1 4519.6 5301.8 4279.6 8.46 8.66 8.85 8.27 8.56
Nio 3757.0 3904.8 4658.7 4878.4 4299.7 9.43 8.29 7.66 8.84 8.55
Nis 3200.7 36434 38122 4302.4 3739.7 9.56 9.46 8.76 9.45 9.31
P ortalama 3313.9¢* 37339 c 43574b 48993 a 9.20 9.10 8.61 8.86
LSD (0.5 N: 6.d., P:2.21, Nx P: 6.d. N: 6.d., P:1766.6, N x P: 6.d.
VK. (%) 5.49 15.07

**, farkli harflerle gosterilen ortalamalar %1 seviyesinde onemlidir, 6.d. énemsiz degerdir. N: Azot, P: Fosfor. V.K.: Varyasyon
katsayis1

Her ne kadar azot ve fosforlu giibre doz uygulamalarinin ham protein igerigine etkisi istatistiki olarak
onemli bulunmasa da, ©zellikle de artan fosfor doz uygulamalar1 bitkinin ham protein igeriginde
azalmalara neden olmustur. Bu, artan fosfor doz uygulamalarina bagh olarak bitki boyu, dal sayis1 ve sap
kalinligindaki artistan kaynaklanmus olabilir. Ciinkii bitkinin bu vejetatif kisimlar1 yapraga gore daha az
yapisal olmayan hiicre ici bilesenlere sahiptirler (Temel ve Keskin, 2022a; Temel ve Surgun, 2019).

Ham Protein Verimi (kg da-') ve Notr Deterjan Lif Icerigi (%)

Cizelge 5de, ham protein verimi ile notr ¢oziiciilerde ¢oziinemeyen lif (NDF) oranlarina ait ortalama
degerler ve analiz sonuglar1 yer almaktadir. Cizelge 5 incelendiginde, her iki parametre iizerine sadece
fosfor doz uygulamalarinin etkisi istatistiki olarak onemli oldugu gortilmiistiir. Ham protein verimi
agisindan degerlendirildiginde, en fazla ham protein verimi (427.15 kg da') 15 kg P05 da?
uygulamasindan, en az verimi ise (305.37 kg da") hi¢ fosfor uygulamasi yapilmayan bitkilerden elde
edilmistir. Bu, en diisiik ve en yiiksek kuru ot verimlerinin sirasiyla Po ve P1s uygulamalarindan alinms
olmasindan kaynaklanmis olabilir. Ciinkii ham protein verimi dekardan elde edilen kuru ot verimleri ile
ham protein igeriginin ¢arpilmasi sonucu hesaplanmaktadir. Her ne kadar fosfor doz uygulamalaria bagh
olarak bitkilerin ham protein igerikleri 6nemsiz bulunmus olsa da, artan fosfor doz uygulamalarina bagh
olarak bitkilerin kuru ot verimlerinde énemli artislarin oldugu tespit edilmistir. Cizelge 5 incelendiginde,
fosforlu giibrelemenin Selvi sirken bitkisinden elde edilen otun NDF igerigini arttirdig: goriilmiistiir. Buna
gore en diisitk NDF orani %59.94 ile Po dozundan elde edilirken, diger fosfor doz uygulamalarindan elde
edilen NDF oranlari istatistiki olarak ayni grupta yer almis ve en yiiksek oranlara sahip olmustur. Bu, artan
fosfor dozu uygulamalarina bagh olarak bitki boyu, sap kalinligi ve dal sayilarindaki artistan
kaynaklanmis olabilir. Ciinkii govde veya saplarda hiicre duvarlari daha kalin olup yapisal
karbonhidratlar (seliiloz, hemiseliiloz ve lignin) yoniinden yapraga gore daha zengindirler (Kacar vd.,
2006; Onal Asci ve Acar, 2018).

Cizelge 5. Azot ve fosfor doz uygulamalarindan alinan ham protein verimi ve notr deterjan lif igerigine ait ortalama
degerler.
Table 5. Mean crude protein yield and neutral detergent fibre content obtained from nitrogen and phosphorus dosing applications.

Ham protein verimi (kg da) N Notr deterjan lif icerigi (%) N
Dozlar Po Ps P1o Pis ortalama Po Ps P1o Pis ortalama.
No 266.63 351.63 403.07 448.40 367.43 60.06 60.54 6291 63.92 61.86
Ns 291.83 32947 399.27 43420 363.69 60.25 64.23 63.67 65.48 63.41
Nio 358.23 32423 354.67 42487  365.50 62.34 62.60 64.17 63.35 63.11
Nis 304.77 34273 334.37 401.13 345.75 57.11 62.63 64.60 61.89 61.56
P ortalama 305.37 ¢** 337.02bc 372.84b 427.15a 59.94b** 6250a 63.84a 63.66a
LSD (0.05) N: 6.d., P:43.45, N x P: 6.d. N: 6.d., P:1.76, N x P: 6.d.
V.K. (%) 14.45 3.38

**, farkli harflerle gosterilen ortalamalar %1 seviyesinde &nemlidir, 6.d. 6nemsiz degerdir. N: Azot, P: Fosfor. V.K.: Varyasyon
katsayist
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Asit Deterjan Lif Igerigi (%) ve Nispi Yem Degeri

Asit deterjan lif (ADF) igerigi ve nispi yem degeri (NYD) tizerine fosfor dozu uygulamalarinin etkisi 6nemli
bulunmus ve ortalama degerler Cizelge 6'da sunulmustur. Oysa azot doz uygulamalarinin incelenen her
iki parametre iizerine herhangi bir istatistiki etkisinin olmadig1 goriilmiistiir. Kaliteli bir yemde ADF
oraninin diisiik olmasi arzu edilmektedir. Cizelge 6 incelendiginde, en diisiik ADF (%42.06) igeriginin en
diisiik fosfor doz (Po) uygulamasindan, en yiiksek oranmin (%44.53) ise dekara 10 kg fosfor doz
uygulamasindan elde edildigi saptanmaistir. Bu, yiiksek fosfor doz uygulamalarinin bitkilerde daha kalin
bir sap ve daha yiiksek bir boylanmaya neden olusturmasindan kaynaklanmais olabilir. Ciinkii hiicre duvari
maddeleri olan seliiloz ve lignin gibi yapisal karbonhidratlar yapraklara gore sap kisimlarinda daha fazla
bulunmaktadir (Kacar vd., 2006; Onal Asci ve Acar, 2018; Temel ve Keskin, 2020; Temel ve Keskin, 2022a).
Mevcut calismada da artan fosfor doz uygulamalarina bagl olarak sap kalinliklar1 ve boylanmanin arttig:
gorilmiistiir (Cizelge 2). Nitekim fosfor bitki gelisimini arttiran, vejetatif gelismeyi tesvik eden ve bitki
dokularini saglamlastiran bir besin elementidir (Kacar ve Katkat, 1999). Nispi yem degeri agisindan
degerlendirildiginde en yiiksek NYD en diisiik fosfor dozu (Po) uygulamasindan, en diisiik NYD ise dekara
10 kg fosfor dozu uygulamasindan elde edilmistir. Bunun, Po dozunda elde edilen otun NDF ve ADF
oranlarmin diisiik olmasindan kaynaklandig: diisiiniilmektedir (Cizelge 5 ve Cizelge 6). Ciinkii nispi yem
degeri, yemin ADF ve NDF verileri kullanilarak hesaplanmaktadir (Morrison, 2003). Dolayisiyla bu iki
degerin diisiik olmast NYD'ni yiikseltmekte, tersi durumda ise azaltmaktadir. NYD, yemin kalitesini
rakamsal olarak gosteren bir Ol¢ii olup, 75’in altinda 5. kalite, 75-86 aras1 4. kalite, 87-102 aras1 3. kalite, 103-
124 arasi 2. kalite, 125-150 aras1 1. kalite ve 150'nin {izerinde ise en iyi kalite olarak kabul edilmektedir. Bu
degerlendirme kriterine gore hi¢ fosforlu giibre uygulamas: yapilmadiginda elde edilen otun 3. kalitede
bir yem oldugu gortilmektedir.

Cizelge 6. Azot ve fosfor doz uygulamalarindan elde edilen ortalama asit deterjan lif icerigi ve nispi yem degeri.
Table 6. Mean acid detergent fibre content and relative feed value obtained from nitrogen and phosphorus dosing applications.

Asit deterjan lif igerigi (%) N Nispi yem degeri N
Dozlar Po Ps P P ortalama Po Ps P P15 ortalama.
No 43.90 43.48 42.19 42.18 42.94 84.74 84.61 82.89 81.89 83.53
Ns 42.71  43.08 44.15 46.34 44.07 85.97 80.16 79.64 75.15 80.23
Nio 4159  38.87 45.16 4495 42.64 84.30 87.31 77.90 79.18 82.17
Nis 40.05 45.98 46.61 43.09 43.94 94.22 78.85 75.77 83.30 83.03
P ortalama 42.06 ¢* 42.85bc 44.53a 44.14 ab 87.31a** 8273b  79.05c¢ 79.88 bc
LSD (0.05) N:6.d., P:1.57, NxP:3.13 N:06.d., P:3.43, NxP:6.87
VK. (%) 433 5.01

** ve *, farkli harflerle gosterilen degerler sirasiyla 0.01 ve 0.05 seviyesinde 6nemlir, 6.d. ise dnemsizdir. N: Azot, P: Fosfor. V.K.:

Varyasyon katsayisi

Mevcut ¢alismada ADF orani {izerine azot x fosfor doz interaksiyonun etkisi énemli bulunmustur (Sekil
1). Buna gore en yiiksek ADF igeriginin N1sP10 uygulamasindan, en diisiik oranin ise N1oPs uygulamasindan
elde edildigi belirlenmistir. Sekil 1 incelendiginde, artan azot dozu uygulamasina paralel olarak Po fosfor
dozunda ADF igerigi siirekli azalirken, Pio fosfor dozunda ise siirekli bir artis goriilmiistiir. Oysa P15 fosfor
dozu uygulamasinda bitkinin ADF igerigi once artip sonra azalirken, P5 fosfor dozu uygulamasinda ise
tersi bir durum olugmustur.
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** ve ¥, farkl1 harfleri takip eden cizimler sirasiyla %1 ve %5 seviyesinde énemlidir.
Sekil 1. ADF oran1 ve nispi yem degeri iizerine azot x fosfor doz interaksiyonunun etkisi.
Figure 1. The effect of nitrogen x phosphorus interaction on the ADF rate and relative feed value.

Azot x fosfor interaksiyonu agisindan énemli bulunan NYD degerlendirildiginde, en yiiksek nispi yem
degeri NisPo uygulamasindan elde edilmistir. Sekil 1 incelendiginde, artan azot dozu uygulamasina bagh
olarak P fosfor dozunda NYD siirekli azalirken, Ps uygulamasinda bitkinin NYD 6nce azalmis, sonra
artmis ve daha sonra tekrardan diisiis gostermistir. Oysa Pis fosfor dozu uygulamasinda ise bitkinin
NYD’de 6nce azalma ve sonraki azot dozlarinda ise artis goriilmiistiir. Azot ve fosfor dozu uygulamalarma
bagh olarak bitkilerin ADF orani ve nispi yem degerlerinde goriilen bu farkliliklar azot x fosfor
interaksiyonun 6nemli ¢tkmasina neden olmus olabilir.

SONUC

Igdir sulu kosullarda azot (0, 5, 10, 15 kg da™) ve fosforlu (0, 5, 10, 15 kg da?) giibre dozlarinin kombinasyon
halinde uygulandig1 bu ¢alismada; farkli azotlu giibre doz uygulamalarinin incelenen ot verim ve kalite
Ozellikleri tizerine herhangi bir etkisinin olmadig}, oysa fosforlu giibrelemenin 6nemli bir etkisinin oldugu
ortaya konmustur. Mevcut ¢alismada fosforlu giibre dozu arttikga verim degerlerinde artis, kalite
parametrelerinde ise bir azalis oldugu belirlenmistir. Buna gore en yiiksek verim ve verim unsurlari dekara
15 kg saf fosfor giibre uygulamalarindan, en yiiksek kalite degerleri ise hig¢ fosforlu giibre uygulamasi
yapilmayan bitkilerden saglandig1 tespit edilmistir. Verim degerlerinde oldugu gibi ham protein
verimlerinde de artan fosfor doz uygulamalarina bagl olarak lineer bir artis oldugu goriilmiistiir. Sonug
olarak Selvi sirken bitkisinin azotlu giibrelemeye bir tepkisinin olmadigl, ancak fosforlu giibrelemeye ise
verim degerlerinde yiiksek oranda tepki gosterdigi ortaya konmustur. Mevcut bu sonuglara gore Selvi
sirken bitkisinde yiiksek miktarda ot materyali temin edebilmek icin hi¢ bir azotlu giibre uygulamasi
yapmadan dekara 15 kg fosforlu giibre uygulamasinin uygun oldugu ortaya konmustur. Ayrica artan
fosforlu giibre dozu uygulamalaria bagh olarak verim ve ham protein verimlerindeki lineer artis goz
oniinde bulundurulursa, optimum seviyeyi (dozu) yakalayabilmek icin sonraki ¢alismalarda daha ytiiksek
dozlarda fosforlu giibreleme ¢alismalarmin yiiriitiilmesinin uygun olacagi sonucuna varilmustir.
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Antalya Bblgesinden Soguga Dayanikli Bakteri Izolasyonu ve Biiyiime Hizlarinin Analizi
Isolation of Cold Tolerant Bacteria from Antalya Region and Analysis of Their Growth Rates
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Oz: Topraga uygulanan kimyasal giibrelerin ancak kiigiik bir kismu bitkiler tarafindan kullanilabilmektedir. Ciinkii besin maddeleri toprakta alinamaz
forma ge¢mektedir. Biyogiibre uygulamasi besin maddelerini bitkiler igin almnabilir forma sokar. Bu uygulama hem bitki iiretimi hem de gevre igin
yararl olabilir. Bu ¢alismanin amaci Antalya’nin yiiksek ve diisiik rakiml iki bolgesinden bakteri izolasyonu yapmak ve izole edilen suglarin biiytime
hizlarini karsilagtirmak olmustur. Yiiksek rakimdan izole edilen suslarin hem oda sicakliginda (15-25 °C) hem de 2 °C’de diisiik rakimdan izole edilen
susa gore daha hizli tiredigi goriilmiistiir. Bu da 2 °C’de {ireyebilen suglarin diisiik sicakliklarda da yiiksek enzim aktivitesine sahip olabilecegini &ne
siirmektedir. Soguga dayanikli biyogiibre kullanimi {ilkemizin soguk bdlgelerindeki zirai alanlarda bitki biiyiimesine pozitif etki gosterebilir. Bu tiir
soguga dayanikli suslarin izolasyonu ve biyogiibre aktivitelerinin test edilmesi zirai uygulamalarimiz i¢in 6nem tasimaktadir.

Anahtar Kelimeler: Psikrofilik bakteriler, soguga dayanikli bakteriler, bakteri izolasyonu, biyogiibre

&

Abstract: Only a portion of chemical fertilizers applied to soil can be used by plants, because nutrients can become insoluble in soil. Application of
biofertilizers can make the nutrients bio-available for plants. This practice would be beneficial for both plant productivity and the environment. Aim of
this study was to isolate and compare growth rates of bacterial strains isolated from low altitude and high altitude regions of Antalya. Our results
showed that, bacterial strains isolated from high alitudes have higher growth rates at room temperature (15-25 °C) and temperatures as low as 2 °C,
compared to strains isolated from low altitudes. This suggests that strains that can grow at 2 °C also would have higher enzymatic activities at low
temperatures which makes them better candidates for development of biofertilizers. Using cold adapted biofertilizer would have a positive effect on
plant productivity in agricultural areas located in cold regions of Tiirkiye. Therefore, isolation of these organisms and testing of their biofertilizer
potential is important for our agricultural applications.
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Isolation of Cold Tolerant Bacteria from Antalya Region and Analysis of Their Growth Rates

INTRODUCTION

Nitrogen (N), phosphorous (P) and potassium (K) are the most utilized macroelements by plants. However,
P and K that is applied with chemical fertilizers can become insoluble in the soil and cannot be bioavailable
for plant uptake (Sharma et al., 2013; Setiawathi and Mutmainnah, 2016). Therefore, only a portion of
chemical fertilizers can be taken by plants. pH and type of soil, concentration of cations that are found in
soil and microbial activities can affect uptake of nutrients. Even though, P can be abundant in soil, however
only 0.1% of total P is bioavailable for plants (Sharma et al., 2013). Organic acids, phosphatase and phytase
enzymes that are secreted by soil microorganisms can solubilize and turn P into a form that can be taken
by plants. Like phosphate, sulfate (SO4*) too can bind to other molecules and can take a form that cannot
be taken by plants. Microorganisms secrete sulfatase and solubilize sulfate from other molecules (Knauff
et al., 2003). For these reasons, soil microbial activities are very important for plant metabolism.

Biofertilizers may include bacteria, cyanobacteria, fungi and microalgae. But most of the species that are
found in the literature are mesophilic species that can grow at room temperature. Literature shows that
even in Antalya region soil temperatures can fall below 4 °C (Yigitbasioglu, 2000). Mesophilic soil
microorganisms may have slow growth at these low temperatures. Cold adapted organisms are designated
as psychrophilic (cannot grow above 20 °C) and psychrotolerant (can grow at low temperatures and up to
around 30 °C). Using species that are adapted to cold temperatures as biofertilizer can have positive effect
on plant productivity at low temperature seasons. There are only a few works in the literature on isolation
of psychrotolerant bacteria and testing their acitivity as biofertilizer. These studies show that cold adapted
strains can a have positive effect on plant growth and also defence (Balcazar et al., 2015; Yarzabal et al.,
2018; Torracchi et al., 2020). Psychrophillic fungi have also been isolated from diverse habitats on earth
(Hassan et al., 2016). Bacterial strains isolated from high altitude Himalayan regions have been shown to
be able to solubilize phosphate at low temperatures (Adikari et al., 2021). In our country, effectes of bacteria
isolated from Erzurum has been tested on chickpeas (Kantar et al., 2003; Ogiitcii et al., 2008; Ogiitcii et al.,
2010). But to our knowledge, there is no work on psychrophilic microorganism isolation in Antalya region.

The goal of this study was to i) isolate bacterial strains from a high altitude and a low altitude region of
Antalya, ii) compare their growth rates at 2 °C and room temperature (15-25 °C).

MATERIAL AND METHOD

Collection of Soil Samples

Soil samples were collected from Akdeniz University Campus and Saklikent, Antalya. Information about
the sampling locations are given in Table 1. Around 500 g of soil was taken 10 cm deep from the surface.
Soil samples were put in a plastic bag and transferred to the lab. All the samples were collected on the same
day and kept in refrigerator at 4 °C for further use.

Isolation of Bacteria

5 g soil sample was put into 45 ml of autoclaved physiological water (1 g NaCl in 1 litre distilled water)
and mixed until large soil particles were all dissolved. From this mixture, a serial dilution was made, 10!
to 107, using physiological water as the diluent. 100 pl from each dilution was plated onto nutrient agar
plates (Liu et al., 2018). Plates were parafilmed and kept at 10 °C until colonies became visible. From the
same soil sample two isolations were made. Second isolation was performed two weeks after the first
experiment.

Comparison of Growth Rates

Around 20 colonies were picked from plates that were incubated at 10 °C for each soil sample and
transferred to nutrient agar plates. These colonies were grown at 4 °C and their growth was examined
visually. A fast growing colony from each soil sample was tested for growth at 2 °C. To do this testing, very
small amount of cells were transferred to a nutrient agar plate using a toothpick. A duplicate plate was
made from the same colonies. One of the plates was kept at room temperature (15-25 °C), while the other
plate was kept at 2 °C. Pictures of plates were taken at 10t day of growth. Diameters of the colonies were
measured at different days to compare their growth rates.
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Table 1. Soil samples and their locations.
Cizelge 1. Toprak Ornekleri ve lokasyonlar.

Soil Sample Location Name Geographic Location Altitude (m)

T-1 Akdeniz University Campus N 36'54.022 E 030'38.998' 34

T-9 Saklikent N36'49.259 E038'26.148' 2497

T-10 Saklikent N36'49.264' E030'20.159' 2515
RESULTS AND DISCUSSION

Bacterial Colonies Isolated in the Study

It was possible to isolate bacterial colonies from the three soil samples. Number of colonies isolated in two
independent experiments are given in Table 2. As shown in Table 2, more than 500 colonies grew at 10!
dilution of T-9 and T-10 samples. However, there were fewer colonies, around 50, in the T-1 sample.
Pictures of colonies obtained from 10 dilution of both experiments are shown in Figure 1. Colonies
obtained from the first isolation (Figure 1A) and second isolation (Figure 1B) has similar number of
colonies. It was possible to see and count T-9 and T-10 samples by naked eye after 5-6 days growth. In
contrast, in both isolations, colonies obtained from T-1 sample grew (visible to naked eye) around five days
later than the T-9 and T-10 samples, suggesting bacteria found in T-1 sample grow much slower than the
high altitude samples (T-9 and T-10) at 10 °C. This is an expected result, because in low altitude, species
are expected to be less acclimated to low temperatures.

Notably, T-9 and T-10 colonies were similar in morphology and color. T-1 colonies were much diverse and
different color and morphology of colonies were observed (Figure 1). These results suggest that there could
be more diversity in low altitude soil sample. This hypothesis will be checked in future studies by
determining the species of the isolated strains.

In summary, we were able to isolate bacterial strains that can grow at 10 °C from low altitude (T-1) and
high altitude (T-9 and T-10) soil samples. However, more colonies were isolated from high altitude soil
samples.

Figure 1. Colonies isolated from 10! diluted soil samples. A. Colonies of the first isolation experiment. B. Colonies of
the second isolation experiment. Descriptions of soil samples are given in Table 1.

Sekil 1: 10" seyreltilmis toprak drneklerinden izole edilen koloniler. A. Birinci izolasyon deneyinden izole edilen koloniler. B. Ikinci
izolasyon deneyinden izole edilen koloniler. Toprak drneklerinin agiklamalar: Cizelge 1’de verilmistir.
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Table 2. Number of colonies obtained in the isolation experiments.
Cizelge 2. [zolasyon deneylerinden elde edilen koloni sayilar1.

First Isolation

Dilutions

101 102 10 10+ 105
Soil Sample # of colonies
T-1 50 6 4 1 None
T-9 >500 55 Colonies were mixed 1 1
T-10 >500 30 3 None None
Second Isolation

Dilutions

101 102 103 10+ 10°
Soil Sample # of colonies
T-1 50 3 None None None
T-9 >500 100 25 3 None
T-10 >500 60 5 1 None

Comparison of Growth Rates at Room Temperature (15-25 °C) and 2 °C

After isolating bacterial strains that can grow at 10 °C, next we compared their growth rates at room temperature and
2 °C. As can be seen in Figure 1, there were more than 500 colonies on 10-! dilution in T-9 and T-10 samples. Therefore,
most of the colonies were mixed. To pick independent colonies, 10 dilution plates were used; these plates had less
colonies which were apart from each other (Table 2). Around 20 colonies (16 colonies from T-1 and T-9 soil samples
and 23 colonies from T-10 soil sample) from each soil sample were transferred to new nutrient agar plates and were
grown at 4 °C (Figure 2).

Figure 2. Growth of colonies at 4 °C. Colonies shown with arrows were compared for their growth rates at 2 °C and
room temperature (15-25 °C) (see Figure 3).

Sekil 2. Kolonilerin 4 C’de biiyiimesi. Ok ile gosterilen kolonilerin 2 °C ve oda sicakli§inda biiyiimeleri karsilastirilmistir (Sekil
3’e bakiniz).

As can be seen in Figure 2, all of the T-9 and T-10 colonies were able to grow at 4 °C. However, not all the
colonies of T-1 soil sample grew at 4 °C (Figure 2). These results showed that even at 4 °C there was a
difference at growth rates of bacterial strains isolated from low altitude and high altitude soil samples.

Next, a single colony from each soil sample (shown with arrows in Figure 2) was tested for growth at 2 °C
and room temperature. Colonies that showed similar growth at 4 °C were chosen for this test. Interestingly,
the T-1 colony grew slower than the T-9 and T-10 colonies, both at room temperature and 2 °C (Figure 3A).
These results show that bacterial strains isolated from high altitude have high growth rates and can grow
at a range of temperatures.

Diameters of the colonies were measured at indicated times and a plot was made (Figure 3B). Colony
isolated from T-1 soil reached 6 mm and 14 mm at 2 °C and room temperature, respectively. Colonies
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isolated from T-9 and T-10 soils reached around 25 mm and 17 mm at 2 °C and room temperature,
respectively. These results show that, bacterial strains isolated from high altitudes have higher growth rates
at all the temperatures tested and it is possible to isolate bacterial strains that can grow at temperatures as
low as 2 °C from high altitude regions of Antalya. These results suggest that in high altitudes bacterial
strains may also be growing in soil at low temperatures; they may not in dormant stages at low
temperatures in soil also.

2°C R/T

25 385

Colony diameter (mm)
Colony diameter (mm)

Figure 3. Comparison of growth rates at 2 °C and room temperature (15-25 °C). A. Pictures of plates were taken after
10 days of growth at 2 °C or room temperature. B. Diameter of the colonies (mm) at indicated days.

Sekil 3. Biiyiime hizlarinin 2 C ve oda sicakliginda karsilastirilmasi. A. Plaklarin fotograflar: 10 giin 2 C veya oda sicakli§inda
biiyiimeden sonra ¢ekilmistir. B. Belirtilen giinlerde koloni caplari (mmy).

CONCLUSION

Soils of our country are a source of microbial diversity that should be explored for the potential applications
in biotechnology and conservation. Many works of study show that application of plant-beneficial
microorganisms in agricultural lands increases the crop productivity (Kantar et al., 2003; Ogﬁtgﬁ etal., 2008;
Ogiitcii et al., 2010). Additionally, it is an ecofriendly approach that can help the economy of local farmers.
Cold tolerant biofertilizers can have beneficial effects for plant productivity at low temperatures which
mesophilic strains wouldn’t be active (Balcazar et al., 2015; Yarzabal et al., 2018; Torracchi et al., 2020). Aim
of this study was to isolate bacterial strains from Antalya and test their growth abilities at temperatures as
low as 2 °C. Our results show that the strains isolated from high altitudes (T-9 and T-10 soil samples) can
grow at temperatures as low as 2 °C. However, bacterial strains isolated from low altitudes (T-1 soil sample)
grow slower at low temperature. Interestingly, high altitude strains have higher growth both at low
temperatures and also at room temperature.

Growth at low temperature implies that these strains might have higher enzymatic activities at low
temperatures, such as phytase activity which makes phosphate bioavailable for plant uptake.
Determination of the species and enzymatic activities of these strains will be the subject of our future
studies. Also, it is important to find out which cold adapted species are found in high altitude soils of our
country.
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Farkli Sulama Y6netimlerinin Findik (Corylus avellana L.) Bahgesinde Baz1 Toprak Fiziksel ve
Kimyasal Ozelliklerine Etkileri*

The Effects of Different Irrigation Managements on Some Soil Physical and Chemical Properties in

Hazelnut (Corylus avellana L.) Orchard
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Oz: Bu caligma farkli sulama yonetimlerinin (Kontrol, % 70 sulama, % 100 sulama, %130 sulama) findik bahgesi topraklari {izerine etkilerini aragtirmak
amactyla Samsun ili Tekkekdy ilgesinde gerceklestirilmistir. iki yil siireyle yiiriitiilen sulama yonetimleri sonrasinda iki farkli toprak derinliginden (0-
15 cm ve 15-30 cm) bozulmus ve bozulmamis toprak drnekleri alinmustir. Bozulmus toprak érneklerinde tekstiir bilesenleri (kil, silt ve kum igerigi),
tarla kapasitesi (TK), daimi solma noktas1 (DSN), pH, elektriksel iletkenlik (EC) ve toplam azot (N1) ve bozulmamis toprak rneklerinde de hacim
agirligi (HA) belirlenmistir. Yarayigh su igerigi (YSI), makroporozite (MakP) ve havalanma kapasitesine (HK) ait degerler ise bozulmus ve bozulmamis
toprak orneklerinde toprak su tutma ile iligkili gerceklestirilen analiz sonuglar1 kullanilarak hesaplanmigtir. Calisma sonucunda daimi solma noktasi,
yarayish su igerigi, hacim agirhigi, pH, elektriksel iletkenlik ve toplam azot {izerine toprak derinliklerinin etkileri ve silt igerigi, kum igerigi, tarla
kapasitesi, daimi solma noktasi, yarayish su igerigi, hacim agirligi, havalanma kapasitesi ve pH tizerine de sulama y6netimlerinin etkileri istatistiksel
olarak 6nemli bulunmustur. Hacim agirhig1 ve pH {izerine toprak derinligi x sulama yonetimi (D x SY) interaksiyonun etkileri nemli bulunurken, kil
igerigi ve makroporozite {izerine herhangi bir uygulamanin etkisi 6nemli bulunmamistir. Findik bahgesi topraklarinda toprak derinligi ve sulama
yonetimlerinin etkilerine bagl olarak hacim agirhgimin bitki kok gelisimini etkileyebilecek seviyede artmis oldugu belirlenmistir. Ayrica, % 100 sulama
yonetiminin Kontrol uygulamasina benzer etkilerinin oldugu belirlenmistir. %100 sulama yonetimi bitki kok gelisimine kars1 daha az mekaniksel
direng yaratarak bitki kok bolgesinde daha yiiksek bir havalanma kapasitesi saglarken %130 sulama y6netimi havalanma kapasitesinin en fazla
azaldig1 uygulama olmustur.

Anahtar Kelimeler: Findik bahgesi, sulama yonetimi, toprak 6zellikleri, yarayish su igerigi, havalanma kapasitesi

&

Abstract: This study was carried out in the Tekkekdy district of Samsun province to investigate the effects of different irrigation managements (control,
70% irrigation, 100% irrigation, 130% irrigation) on hazelnut orchard. After two years of irrigation management, disturbed and undisturbed soil
samples were taken from two different soil depths (0-15 cm and 15-30 cm). Texture components (clay, silt, and sand content), field capacity (FC),
permanent wilting point (PWP), pH, electrical conductivity (EC), and total nitrogen (Nr) in disturbed soil samples and bulk density (BD) in
undisturbed soil samples were determined. The values of available water content (AWC), macroporosity (MacP), and aeration capacity (HC) were
calculated using the results of the analysis carried out concerning soil water retention in disturbed and undisturbed soil samples. As a result of the
study, the effects of soil depths on permanent wilting point, available water content, bulk density, pH, electrical conductivity, and total nitrogen and
of irrigation managements on silt content, sand content, field capacity, permanent wilting point, available water content, bulk density, aeration
capacity, and pH were found to be statistically significant. While the effects of soil depth x irrigation management (D x SY) interaction on bulk density
and pH were significant, the effect of any treatment on clay content and macroporosity was not significant. It has been determined that the bulk density
of the hazelnut orchard soils, depending on the effects of soil depth and irrigation management, has increased at a level that the plant root development
can be affected. Also, it was determined that 100% irrigation management had similar effects to the control treatment. While 100% irrigation
management provided a higher aeration capacity in the plant root zone by creating less mechanical resistance to plant root growth, 130% irrigation
management was the treatment in which the aeration capacity decreased the most.

Keywords: Hazelnut orchard, irrigation management, soil properties, available water content, aeration capacity
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Farkli Sulama Yénetimlerinin Findik (Corylus avellana L.) Bahgesinde Baz1 Toprak Fiziksel ve Kimyasal Ozelliklerine Etkileri

GIRIS

Diinyada sert kabuklu meyveler icerisinde gerek iiretim gerekse tiiketim bakimindan, bademden sonra
ikinci sirada yer alan findik (Corylus avellana L.), insan beslenmesinde ve saghginda énemli bir rol
oynamaktadir (Ortega-Farias vd., 2020). Findigin cerezlik olarak tiiketimi sinirli olmakla birlikte, 6zellikle
cikolata ve sekerleme gibi gida sanayii sektorleri igin gerekli olan temel ham maddelerden birisidir. Ancak
folik asit, E, K ve C vitaminleri, demir, ¢inko, bakir gibi mineraller, protein, lif ve yag iceriginin yar sira
tekli doymamus yag asitleri ve a-tokoferol bakimindan zengin olmasi findig1 sanayii hammaddesi olmasina
ek olarak dogrudan tiiketimi i¢in arzu edilen bir {iriin haline de getirmektedir (Ghirardello vd., 2016; Liu
vd., 2018; Pannico vd., 2017).

Ulkemiz, diinyanin tarimsal potansiyeli en yiiksek {ilkelerinden birisi olup findik, {iztim, incir, kayisi,
Antep fist181, ceviz ve narenciye gibi pek ¢ok tarimsal iirtinde oldukga 6nemli {iretim alanlarina ve verim
potansiyellerine sahiptir. Findik basta olmak {izere bu {iriinlerin 6nemli bir kisminda tilkemiz, lider
ihracatgi iilke konumundadir. Bununla birlikte, bu {iriinlerin hemen hemen tamami gelisim igin ihtiyag
duyduklar: iklim ve toprak istekleri yoniinden bolgesel iirtin olma niteligi tasimaktadirlar. Karadeniz
Bolgesi de sahil seridindeki nemli ve iliman iklim 6zellikleri itibariyle tilkemizde findik yetistiriciligine en
uygun bolge konumundadir.

Ulkemizde findik {iretimi yapilan araziler karsilagtirildiginda, topografya ve toprak 6zellikleri itibariyle
onemli degiskenlikler sergiledigi goriilmektedir. Ozellikle Ordu, Giresun, Trabzon, Rize ve Artvin illerinin
yer aldig1 Dogu Karadeniz sahil seridinde findik {iretimi yapilan arazilerin genel olarak ¢ok egimli, erozyon
riski yiiksek, sig toprak derinligine ve dolayisiyla yetersiz su biitcesine sahip orman alanlarindan
donitistiirilmiis araziler oldugu goriilmektedir. Diger taraftan ¢alismanin yiiriitiildiigii Samsun ilinin yan1
sira Sinop, Bolu, Diizce, Kastamonu, Zonguldak, Sakarya ve Kocaeli gibi Orta ve Bati Karadeniz sahil
seridinde yer alan illerde ise yeni dikim geng findik bahgelerinin yogunlukta oldugu goriilmektedir. Bu
araziler; findik dikim sistemlerinin (siraya dikim) yani sira topografya ve toprak 6zellikleri itibariyle findik
iiretimi yapilan diger arazilerden daha avantajli olup mekanize toprak isleme, sulama, giibreleme gibi
cesitli toprak yonetimlerinin kolaylikla ytiriitiilebildigi diiz, diize yakin taban arazilerden olusmaktadir.

Findik bitkisi, yillik ortalama yagis miktarlar1 800-1000 mm arasinda degisen ve yil boyunca esit olarak
dagilan {iretim alanlarmmin aksine (Cristofori vd., 2014), yagislarin daha ¢ok kis ve ilkbahar basinda
dagildig1 yar1 kurak ve kurak iklim bolgelerinde yetistirildiginde, yagislarin yetersiz olmasi nedeniyle
sulamaya gereksinim duymaktadir (Deitch vd., 2017; Stolpe ve Undurraga, 2016). Bu baglamda, iklim
degisikligi nedeniyle findik yetistirilen bolgelerde ortaya cikabilecek su kitliginin, siirdiiriilebilir findik
tiretiminin 6niindeki en biiyiik sinirlama olacag rapor edilmektedir (Garreaud vd., 2017; Roco vd., 2016).
Ustaoglu (2009), Tiirkiye'de gelecek 90 yil igerisinde iklimdeki degisikliklerin findik yetistiriciligine olas1
etkilerini arastirdigi calismasinda, findigin giintimiizde ekonomik olarak yetistiriciliginin yapildig:
Karadeniz Bolgesi sahil kesiminde éniimiizdeki 90 yillik siirecte sicaklikta 6 °C’ye varan bir artis olacagini
ve bu sicaklik degisiminin findik iiretim alanlarinda yatay ve dikey yonde hareketlere neden olabilecegini
bildirmektedir. Ayni1 arastirici, cogunlukla diiz, diize yakin yeni dikim geng findik bahgelerinin yer aldig:
0-250 metre rakimdaki sahil kusaginda findik yetistiriciliginin olumsuz etkilenebilecegini, dikey yonde
degisim sebebiyle bugiin i¢in findik tarimina uygun olmayan 1500 m'nin iizerindeki alanlarin tarima
elverigli alanlar haline geleceginin 6ngoriildiigiinii rapor etmistir.

Bu Ongorii ve senaryolar altinda, {ilkemizin en onemli tarimsal ihracat {iriinlerinden birisi olan ve
Karadeniz Bolgesi igin stratejik tarimsal {iriin olan findik bitkisinin siirdiiriilebilir yetistiriciliginin
saglanmas1 igin findik bahgelerinde su verimliligini artiracak ve yeterli verimi saglayacak sulama
stratejilerinin gelistirilmesine ihtiya¢ bulundugu acikca goriilmektedir. Mevcut calismada Samsun ili
Tekkekoy ilgesinde yer alan bir ¢iftci arazisinde 2019 ve 2020 yillarinda yiizey alti damlama sulama sistemi
ile ytirtitiilen dort farkli sulama konusunun (Kontrol, %70, %100 ve %130) findik bahgesi topraklarina olan
etkilerinin arastirilmasi amaglanmistir.
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MATERYAL VE METOT

Calisma Alaninmin Tanitim

Bu c¢alisma, Samsun ili Tekkekdy ilcesi Karaoglan Mahallesi'nde bir ciftciye ait findik bahgesinde
gerceklestirilmistir. Calisma alani, 41° 17" enlem ve 36° 51" boylamda yer alirken deniz seviyesinden
yiiksekligi 39 m’dir (Sekil 1). Findik bahgesinde ¢akildak, palaz ve tombul olmak tizere ii¢ farkl: findik
cesidi yetistirilmektedir. Bitkilerin sira {izeri x sira arasi mesafesi, 5m x 5m olarak kurulan 18 yasindaki
bahgenin toplam alani ise 13.5 dekardir.

Karadeniz

Karaoglan

Sekil 1. Calisma alanin lokasyonu.
Figure 1. The location of study area.

Calisma Alanmimin Iklim Ozellikleri

Calismanin yiiriitiildiigii Samsun iline ait uzun yillar (1929-2021) ve ¢alisma arazisinin yer aldig1 Tekkekoy
ilgesine ait 7 y1llik (2013- 2020) iklim &zelliklerine iliskin bazi veriler Cizelge 1’de sunulmustur.

Cizelge 1’de Samsun iline ait uzun yillar iklim verisi incelendiginde; ilde en kurak dénemin 35.1 mm ile
Temmuz ay1, en yagish donemin 83.8 mm ile Kasim ay1 oldugu ve yillik toplam yagis miktarinin da 717.9
mm oldugu goriilmektedir. Tekkekdy ilcesine ait iklim verisi incelendiginde ise, ilgenin yag1s rejiminin ilin
genel yagis rejimine gore farklilastigi gozlemlenmektedir. Agustos ay1 31.9 mm yagis miktari ile ilgenin en
kurak donemini temsil ederken Ocak ay1 ise 114.6 mm yagis miktari ile ilgenin en yagisli donemine karsilik
gelmektedir. llgede yillik toplam yagis miktar1 839.2 mm olarak gergeklesirken bu yagis miktarinin da ilin
yillik toplam yagis miktarindan daha yiiksek oldugu goriilmektedir. Buna kargin ilgenin sicaklik rejiminin
ise gerek en soguk ve en sicak donemler gerekse ortalama sicaklik degerleri bakimindan ilin sicaklik rejimi
ile benzer ozellikler tasidig goriilmektedir (Cizelge 1).
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Cizelge 1. Samsun iline ve Tekkekdy ilgesine ait baz1 iklim verileri.
Table 1. Some climate data of Samsun province and Tekkekoy district.

Aylar Samsun (1929-2021) Tekkekdy (2013-2020)
Yagis (mm) Sicaklik (°C) Yagis (mm) Sicaklik (°C)

Ocak 71.6 7.2 114.6 73
Subat 58.8 7.2 51.2 8.6
Mart 66.8 8.1 72.6 9.8
Nisan 56.8 11.3 60.4 11.9
May1s 48.8 15.6 67.8 17.2
Haziran 45.8 20.2 82.1 21.9
Temmuz 35.1 23.2 41.7 24.1
Agustos 37.5 23.6 31.9 24.6
Eyliil 53.6 20.3 60.4 21.2
Ekim 78.4 16.5 74.7 16.2
Kasim 83.8 12.7 75.7 11.6
Aralik 80.9 9.4 106.5 8.0
Toplam Yag1s 717.9 - 839.2 -
Ortalama Sicaklik - 14.6 - 15.2

Calisma Alanminin Temel Toprak Ozellikleri
Sulama yonetimine baglanmadan 6nce 0-20 cm derinlikten alinan ve findik bahgesi topraklarini tanimlayici
nitelikteki bazi toprak 6zellikleri Cizelge 2’de verilmistir.

Cizelge 2. Calisma alanindaki topraklarin bazi tanimlayici 6zellikler.
Table 2. Some descriptive properties of soils in the study area.

Kil Silt Kum Tekstiir Simifi  pH EC CaCOs OM Nt
(%) (%) (%) (dS m) (%) (%) (%)
30.62 26.54 42.84 Killi tin 5.96 0.38 0.16 4.92 0.25

EC: Elektriksel iletkenlik; OM: Organik madde; Nt: Toplam azot.

Cizelge 2’de sunulan sonuglar bakimindan ¢alisma alani degerlendirildiginde; findik bahgesinin killi tin
biinyeye, hafif asidik reaksiyona, tuzluluk problemi bulunmayan, kireg igerigi ¢ok az, organik madde
kapsami iyi ve toplam azot (Nt) kapsami fazla (Miiftiioglu vd., 2014) olan topraklara sahip oldugu
goriilmektedir.

Sulama Sistemi, Sulama Suyu Yonetimleri ve Parsel Boyutlari

Calismada sulama yonetimleri, ylizey alti damla (YAD) sulama sistemi kullanilarak gerceklestirilmistir.
Kullanilan sulama sistemi, pompa ve kontrol birimlerinin yan1 sira ana, yan ve lateral (damla sulama) boru
hatlarindan olusmaktadir. Sistemde ayni zamanda her bir sulama y&netiminde, lateral boru sistemi ile bitki
kok bolgesine tasinan su miktarinin belirlendigi su saatleri de bulunmaktadir. Sulama sisteminde lateral
borular, her sirada 2 adet olacak sekilde findik agaglarinin her iki yanina toprak ytiizeyinden 15 cm derine
yerlestirilirken lateral borularin damlatici araligi 40 cm ve damlatici debisi ise 2 L saatVdir. Sulama
sisteminin c¢alistinnlmasi igin ihtiya¢ duyulan elektrik enerjisi ise bahge igerisine kurulan giines
panellerinden saglanmistir.

Calismada dort farkli sulama yonetimi konusu yer almaktadir. Bunlar;

a) Kontrol: Yagmur suyu kosullarinda sulama,

b) %70 Sulama: Bitki su tiiketiminin %70'nin sulama ile verilmesi,

¢) %100 Sulama: Bitki su tiiketiminin %100’{in{in sulama ile verilmesi,
d) %130 Sulama: Bitki su tiiketiminin %130’ unun sulama ile verilmesi.

Kontrol uygulamasi, ¢ift¢i sartlarini temsil etmekte olup hicbir sulama yonetiminin yiiriitiilmedigi
kosullara karsilik gelmektedir. Bu uygulamada bitki ve toprak kosullari icin yalnizca yil icerisinde gelen
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yagmur suyunun etkileri sz konusudur. Sulama yonetimi konularinda ise bitki evapotranspirasyon (ET)
degerlerinin ii¢ farkli diizeyine karsilik gelen miktarlarda (%70, %100 ve %130) sulama yapilmistir. 2019 ve
2020 yillarinda yiiriitiilen sulama yonetimlerinde sulamalar Nisan ve Ekim aylar1 arasindaki periyotta
haftalik olarak gerceklestirilmistir. Her iki y1lda da tiim sulama yonetimi konularinda Kasim ve Mart aylar1
arasindaki periyotta herhangi bir sulama yapilmamastir.

Sulama yoOnetimlerinde uygulanacak sulama suyu miktarlarina ise FAO Penman-Monteith yontemi
kullanilarak karar verilmistir (Allen vd., 1998). Bu siirecte ilk olarak esitlik (1) kullanilarak referans bitki
evapotranspirasyon (ETo) degerleri elde edilmistir. Daha sonra ETo degerleri, findik bitkisi i¢in elde edilen
bitki katsayis1 (Kc) degerleri ile diizeltilerek bitki evapotranspirasyon (ET.) degerleri hesaplanmistir (Esitlik
2). Son asamada ise Penman-Monteith yontemi ile giinliitk adimda hesaplanan ET. degerleri, haftalik
diizeyde birikimli hale getirilmis ve her bir sulama yonetimi i¢in haftalik adimda uygulanacak sulama suyu
miktarlar1 belirlenmistir.

900
0.408A(R,-G)+y (m) u,(e,-e,)

A+y(l+0.3u2)

€y

ET():

Burada;

ETo: Referans bitki evapotranspirasyonu (mm giin™),

A :Buhar basinc egrisinin egimi (kPa °C1),

Rn : Bitki ylizeyindeki net radyasyon (M]J m giin™),

G :Toprakisi akis yogunlugu (M]J m?2 giin),

v :Psikometrik sabite (=0.665x10-3xP) (M] m2 giin'),

uz : 2 m yiikseklikteki riizgar hizi (m s1),

es : Doygun buhar basinci (kPa),

ea : Gergek buhar basinci (kPa),

Tort: 2 m yiikseklikteki ortalama giinlitk hava sicaklig (°C).

ET.= ET, x K, )

Burada,

ET.: Bitki evapotranspirasyonu (mm giin),

K. Bitki gelisim periyotlari ile ilgili bitki katsayilari. Bu ¢alismada findik bitkisi igin bitki katsayis1 degerleri
belirlenirken findik bitkisinin tomurcuk olusumu ve siirgiin uzamasi, findik ve vejetatif aksam gelisimi,
hasat donemi, hasat sonras1 donem olmak {izere dort farkli gelisim periyodu dikkate alinmustir.

Hesaplamalarda kullanilan giinlitk meteorolojik veriler, calisma alanina en yakin mesafede kurulu olan
Samsun 10. Meteoroloji Bolge Midirliigiiniin Carsamba Kizilot Mahallesi'ndeki meteoroloji
istasyonundan elde edilmistir.

Sulama yOnetimi uygulanan tiim parsellerde sulama periyodu siiresince toprak nem igerigindeki
degisimler ise parsellerde 0-20 cm ve 20-40 cm toprak derinliklerine yerlestirilen tansiyometreler (Irrometer
RSU-V Tensiometer) ve nem sensorleri (SM150) ile bitki gelisim donemi boyunca takip edilmistir. Ayrica
saatlik zaman diliminde toprak nem igerigindeki degisimler dataloggerlara (veri kaydedicilere) (rSense ve
rLink Cellular) kaydedilmistir.

Calismada sulama yonetimi uygulanan tiim konulara iliskin parsel boyutlari ise asagidaki gibi
planlanmustir.

a) Kontrol Parseli: 10.4 da,

b) %70 Sulama Parseli: 0.7 da,
¢) %100 Sulama Parseli: 1.1 da,
d) %130 Sulama Parseli: 1.3 da.
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Toprak Orneklemesi ve Laboratuvar Analizleri

Toprak orneklemeleri 2020 yilinda sulama yonetimlerinin tamamlanmasindan sonra Kasim aymin ilk
haftasinda yapilmistir. Toprak 6rneklemeleri bozulmus ve bozulmamis 6rnekleme esasina gore her bir
sulama yonetimi konusunda dort tekerriirlii olarak gergeklestirilmistir. Parsellerde toprak drneklerinin iki
tekerriirii findik ocaklar: arasindaki sira tizerinden alinirken diger iki tekerriir ise ocaklarin sira arasindan
almmastir. Calisma sonunda dort farkli sulama yonetimi konusundan (Kontrol, %70 Sulama, %100 Sulama,
%130 Sulama) ve iki farkli toprak derinliginden (0-15 cm ve 15-30 cm) olmak tizere 32 farkl noktadan
bozulmus ve bozulmamis toprak 6rnegi olmak iizere toplamda 64 adet toprak 6rnegi alinmistir.

Bozulmus toprak 6rnekleri laboratuvar ortaminda oda sicakliginda kurutulduktan sonra 2 mm’lik elekten
elenerek analize hazir hale getirilmistir. Analize hazir hale getirilen bozulmus toprak drneklerinde tekstiir
(Gee ve Bauder, 1986), pH (Hendershot vd., 1993), elektriksel iletkenlik (Rhoades, 1986), toplam azot
(Bremner, 1965), tarla kapasitesi (Klute, 1986), daimi solma noktas: (Klute, 1986); bozulmamis toprak
orneklerinde ise hacim agirlig1 (Blake ve Hartge, 1986) ve su tutma egrisi (pF) (Klute, 1986) analizleri
gerceklestirilmistir. Ayrica, gravimetrik olarak bitkiye yarayish su igerigi (YSI) tarla kapasitesi ve daimi
solma noktas1 arasindaki farktan; havalanma kapasitesi, esitlik (3) kullanilarak (White, 2006); makro
porozite (MP), esitlik (4) kullanilarak bozulmamis toprak 6rneklerinde hacimsel olarak belirlenmistir (
Dexter ve Czyz, 2007; Dexter vd., 2008; Reynolds vd., 2008).

HK (%) = 85(y =0) =0 190 cm(P = =100 cm); 0 < HK < 65 3)
MP (%) = 0s(y =0) =0 1gcm(P = —10cm); 0 < MP < 65 4)

Burada;

HK: Havalanma kapasitesi,

MP: Makroporozite (%),

85 : Doygun kosullarda topragin hacimsel nem igerigi (%),

810 cm © 10 cm negatif su tansiyonunda topragin hacimsel nem igerigi (%),
8100 cm: 100 cm negatif su tansiyonunda topragin hacimsel nem igerigi (%),

Istatistiksel Analizler

Calismada elde edilen veri seti ilk olarak tanimlayic istatistiksel degerlendirmeye tabi tutulmustur.
Normal dagilim kosullarini saglamayan veri setlerinde karekok ve logaritma gibi doniistimler
uygulanmistir. Toprak Ozellikleri {izerine sulama yOnetimlerinin etkileri ise normal dagilim kosullar:
saglanan veri setinde varyans analizi sonucunda degerlendirilmistir. Varyans analizi sonucunda
ortalamalar arasindaki farkliliklar istatistiki olarak Onemli bulunan veri setlerinde Bonferroni ¢oklu
karsilagtirma testi ile degerlendirmeler yapilmistir. Yiiriitiilen ¢calismada tiim istatistiksel degerlendirmeler
SPSS ver. 21.0 istatistik paket programi kullanilarak yapilmistir.

BULGULAR VE TARTISMA

Toprak Su Icerigi ile Iliskili Fiziksel Ozellikler

Findik bahgesinde ytiizey alt1 damla sulama yontemi ile gerceklestirilen farkli sulama suyu yonetimlerinin
toprak suyu ile iligkili toprak fiziksel ozellikleri {izerine olan etkileri Cizelge 3’de sunulmustur. Toprak
derinlikleri ve sulama yonetimlerinin topraklarin kil igerigi {izerine olan etkileri incelendiginde, toprak su
icerigi ile yiiksek diizeyde iliskili oldugu bilenen kil igerigi iizerine toprak derinliklerinin ve sulama
yonetimlerinin etkilerinin 6nemsiz oldugu goriilmektedir. Calisma alaninda kil igeriginin toprak
derinligine bagl olarak toprak yiizeyinden derine dogru %30.06-30.76 arasinda degistigi gozlemlenirken
sulama yonetimleri altindaki degiskenligin ise % 28.93-32.12 arasinda oldugu belirlenmistir (Cizelge 3).

Silt ve kum igerigi iizerine toprak derinliginin etkileri kil igerigi ile benzerlik gosterirken, sulama
yonetimlerinin etkileri kil iceriginin aksine istatistiksel olarak p<0.01 diizeyinde 6nemli bulunmustur.
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Kontrol uygulamas1 altindaki topraklarin silt igeriginin sulama yonetimi uygulanan topraklara gore
istatistiksel olarak 6nemli diizeyde (p<0.01) daha yiiksek oldugu goriiliirken, sulama y6netimi uygulanan
topraklarin silt iceriginin ise istatistiksel olarak benzer oldugu goriilmektedir (Cizelge 3). Sulama
yonetimlerinin kum igerigi {izerine etkileri incelendiginde ise, Kontrol uygulamas altindaki topraklarin
sulama yonetimi iceren topraklara gore onemli dlciide (p<0.01) daha diisiik kum igerigine sahip oldugu
goriilmektedir. Ayrica sulama yonetimleri arasinda da %100 sulama yonetimi uygulamasinin %130 sulama
yonetimi altindaki topraklara gore onemli Olciide (p<00.1) daha yiiksek kum icerigine sahip oldugu
bulunmustur (Cizelge 3).

Cizelge 3. Farkli sulama yOnetimleri ve toprak derinliklerinin toprak su igerigi ile iligkili toprak fiziksel o6zellikleri
tizerine etkileri.
Table 3. The effects of different irrigation managements and soil depths on soil physical properties related to soil water content.

Uygulamalar Kil Silt Kum TK DSN YSi

(%) (%) (%) (%) (%) (%)
Toprak Derinligi
0-15 cm 30.06 (2.62) 27.36 (4.23) 42.59 (4.08) 29.20 (1.95) 19.24 (1.99) a 9.96(1.86) b
15-30 cm 30.76 (3.05) 25.91 (5.19) 43.33 (5.83) 28.66 (2.37) 18.02 (2.32) b  10.64 (1.39) a
Sulama Yonetimleri
Kontrol 30.33 (3.31) 33.63(2.86) a  36.03(2.65) ¢ 31.87(0.62) a  21.45(0.76) a 10.42(0.58) b
% 70 Sulama 28.93 (2.57) 2494 (2.08) b  46.14 (3.83) ab 27.02(1.24) ¢ 16.29 (1.21) 4 10.72(048) b
% 100 Sulama 30.26 (3.21) 2349 (258) b  46.25(2.53) a 27.61 (0.88) ¢ 19.49 (0.86) b 8.12(1.08) c
% 130 Sulama 32.12 (1.22) 2446 (1.81) b  4341(143) b 29.21(1.31) b 17.28 (0.83) ¢ 11.93(1.29) a
Derinlik (D) od od od od <0.01 <0.05
Sulama Yonetimleri (SY) od <0.01 <0.01 <0.01 <0.01 <0.01
DxSY od od od od od od

TK: Tarla kapasitesi; DSN: Daimi solma noktasi; YSI: Bitkiye yarayislh su igerigi; 6d: Onemli degil.
Ay siitunda farkl harflerle gdsterilen ortalamalar arasindaki fark istatistiksel olarak (p<0.05) 6nemlidir. Parantez icerisindeki veriler standart
sapmay1 ifade etmektedir.

Sulama y6netimlerinin topraklarin tarla kapasitesine olan etkileri istatistiksel yonden degerlendirildiginde,
Kontrol uygulamas: altindaki topraklarin tarla kapasitesi degerlerinin en yiiksek, %70 sulama ve %100
sulama yonetimleri altindaki topraklarin tarla kapasitesi degerlerinin de en diisiik oldugu goriilmektedir.
Sulama yo6netimleri arasinda en yiiksek tarla kapasitesi degerine sahip sulama uygulamasmin ise %130
sulama yonetimi oldugu goriilmektedir (Cizelge 3). Bilindigi iizere tarla kapasitesinin degiskenligi,
topraklarin su kullanim ge¢misi (1slanma-kuruma dongiisii), tekstiirel ve striiktiirel 6zellikleri, kil tipi,
organik madde miktari, toprak sicakligi, taban suyu seviyesi, 1slanma derinligi, gecirimsiz katmanin varhigi
ve evapotranspirasyon gibi pek ¢ok toprak ve gevre faktorii tarafindan yonetilmektedir. Buradan hareketle
mevcut ¢alisma sonuglarinda da tarla kapasitesinin degiskenligini yoneten faktorlerden birisinin farkl
sulama yOnetimlerinin topraklarin kil+silt iceriginde meydana getirmis oldugu degiskenlikler oldugu
degerlendirilmektedir (Cizelge 3). Nitekim Kontrol uygulamas: altindaki topraklarda kil+silt iceriginin
diger sulama yoOnetimi altindaki topraklara oranla ¢ok daha yiiksek oldugu ve bu durumunda tarla
kapasitesi degiskenligini ortaya ¢ikartan nedenlerden birisi olabilecegi degerlendirilmektedir.

Daimi solma noktas: degerlerinin hem toprak derinligine hem de sulama yonetimlerine bagli olarak énemli
olciide (p<0.01) degistigi goriilmektedir. Yiizey topraklarinin (0-15 c¢cm) alt derinlikteki (15-30 cm)
topraklara oranla daha yiiksek (p<0.01) daimi solma noktasina sahip oldugu belirlenirken sulama
yonetimlerinde istatistiksel olarak en yiiksek daimi solma noktasi degerinin, yine tarla kapasitesi
degerlerinde oldugu gibi, Kontrol uygulamasi altindaki topraklarda oldugu tespit edilmistir. Yiizey toprak
derinliginde ve Kontrol uygulamasinda daimi solma noktasinin daha yiiksek bulunmasinin yine tarla
kapasitesinde oldugu gibi hem yiizey derinliginde hem de Kontrol uygulamasinda topraklarin kil+silt
iceriginin daha yiiksek bulunmasz ile iligkili olabilecegi degerlendirmesi yapilmaktadir.

Farkli toprak derinliginin ve sulama yonetimlerinin bitkiye yarayish su icerigine olan etkileri istatistiksel
olarak onemli bulunmugtur (Cizelge 3). Artan toprak derinligi bitkiye yarayish su igerigini toprak yiizeyine
gore onemli diizeyde (p<0.05) artirmistir. Diger taraftan %130 sulama yonetimi altindaki topraklarda en
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yliksek bitkiye yarayish su igerigi tespit edilirken, %100 sulama y&netimi altindaki topraklarda bitkiye
yarayish su igerigi ise en diisiik olarak belirlenmistir. Bunun yam sira Kontrol ve %70 sulama
yOnetimlerinin topraklarin bitkiye yarayish su igerigine olan etkilerinin ise istatistiksel olarak benzer
oldugu goriilmiistiir (Cizelge 3).

Bosluk (Por) Dagilima ile Iliskili Fiziksel Ozellikler

Toprakta por dagilimu ile iliskili toprak fiziksel 6zellikleri tizerine farkli toprak derinlikleri ve sulama
yonetimlerine iliskin sonuglar incelendiginde, hacim agirhigi (HA) ve havalanma kapasitesinin (HK)
sulama yOnetimlerinden istatistiksel olarak énemli diizeyde etkilendigi goriilmektedir. Buna karsin, hem
sulama yonetimlerinin hem de toprak derinliklerinin makropor igerigine etkilerinin ise 6nemsiz oldugu
tespit edilmistir (Cizelge 4).

Cizelge 4. Farkli sulama yonetimleri ve toprak derinliklerinin por dagilimu ile iliskili toprak fiziksel 6zellikler tizerine
etkileri.
Table 4. The effects of different irrigation managements and soil depths on soil physical properties related to the pore distribution.

U 1 1 HA MakP HK
ygulamalar (g cm?) ) ©6)

Derinlik

0-15 cm 1.50 (0.06) b 4.04 (0.59) 6.94 (1.32)

15-30 cm 1.64 (0.11) a 4.15 (0.56) 8.01 (2.69)

Sulama Yonetimi

Kontrol 1.50 (0.06) ¢ 4.03 (0.71) 8.38(1.51) a

% 70 Sulama 1.64 (0.11) a 4.22 (0.36) 6.64 (0.58) ab

% 100 Sulama 1.55(0.07) bc 4.14 (0.47) 8.71(3.33) a

% 130 Sulama 1.60 (0.06) ab 3.99 (0.74) 6.16(1.18) b

Derinlik (D) <0.05 od 6d

Sulama Yoénetimi (SY) <0.01 od <0.05

DxSY <0.05 od od

HA: Hacim agirligi; MakP: Makropor igerigi; HK: Havalanma kapasitesi; 5d: Onemli degil.
Ay siitunda farkl harflerle gdsterilen ortalamalar arasindaki fark istatistiksel olarak (p<0.05) 6nemlidir. Parantez icerisindeki veriler standart
sapmay1 ifade etmektedir.

Calisma alaninda artan toprak derinligi ve toprak sikismasi iligskisinin 6nemli oldugu ve artan toprak
derinligine bagl olarak hacim agirlig1 degerlerinin istatistiksel olarak énemli diizeyde (p<0.05) degistigi
belirlenmistir. Ayrica, sulama y&netimi uygulanan topraklarda olagan bir siire¢ olan 1slanma ve kuruma
dongiisiiniin dogal bir sonucu olarak sulama yonetimlerinin de findik bahgesi toprak yapisinda sikismaya
neden oldugu ve bu durumunda toprakta hacim agirhigimni artirdigr degerlendirilmektedir. Bununla
birlikte, topraklardaki hacim agirligi artisinin bir diger nedeninin de tilkemizdeki findik bahgelerinde
yiiriitiilen genel bir toprak isleme yonetimi olan sifir veya azaltilmis toprak isleme yonetiminin olabilecegi
de goz oniinde bulundurulmalidir. Islanma ve kuruma dongiisiine bagh olarak findik bahgesi
topraklarinda en yiiksek sikisma orani, kisitli sulama y&netimi konusu olan %70 sulama uygulamasinda
gerceklesirken, %100 sulama uygulamasinin istatistiksel olarak Kontrol uygulamasina benzer bir etkisinin
oldugu ve en diisiik stkisma oraninin gergeklestigi sulama yonetimi oldugu goriilmektedir (Cizelge 4).
Bozulmamis mineral topraklarin hacim agirligi hem toprak havalanmasinin hem de toprak mukavemetinin
ve/veya kok gelisimine karsi mekaniksel direncin bir gostergesi olarak yaygin sekilde kullanilmaktadir
(Drewry vd., 2008; Reynolds vd., 2008). Orta biinyeden ince biinyeye degisen topraklarda, maksimum bitki
verimi i¢in hacim agirhgimin optimum degerlerinin 0.9-1.2 g cm? arasinda degistigi (Drewry vd., 2008;
Reynolds vd., 2007), 1.25-1.30 g cm? arasinda degisen hacim agirligi degerlerinin yetersiz toprak
havalanmasi nedeniyle bitki verimini diiglirebilecegi ve hacim agirliginin 1.4-1.6 g cm- arasinda degisen
ikinci tist smir araliginin ise kok gelisimine karsi asir1 mekaniksel diren¢ nedeniyle {iriin verimini
azaltabilecegi ifade edilmektedir (Drewry vd., 2008). Hacim agirlig: iizerine derinlik x sulama yOnetimi
(DxSY) etkilesiminin etkilerinin de yine istatistiksel olarak p<0.05 diizeyinde o6nemli bulundugu
goriilmektedir (Cizelge 4).
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Findik bahgesi topraklarinin havalanma kapasitesi {izerine sulama yoOnetimlerinin etkileri p<0.05
diizeyinde 6nemli bulunurken toprak derinligi x sulama yonetimi (DxSY) etkilesiminin etkileri 6nemsiz
olmustur. Kontrol ve %100 sulama yonetimi uygulamalarinin havalanma kapasitesini istatistiksel olarak
benzer bir etkiyle artirdigi, buna karsin %130 sulama yonetimi uygulamasinin havalanma kapasitesini
Kontrol ve %100 sulama yonetimi uygulamalarina gore énemli olarak azalttig: tespit edilmistir. Bununla
birlikte %70 sulama yonetiminin havalanma kapasitesi iizerine etkilerinin ise istatistiksel olarak tiim
yonetim uygulamalariyla benzer oldugu belirlenmistir (Cizelge 4). Toprak tekstiiriiniin orta biinyeden ince
biinyeye degistigi mineral topraklarda maksimum bitki verimi i¢in kok bolgesindeki havalanma kapasitesi
degerlerinin >%12-17 (>0.12-0.17 m3 m-) araliinda olmasi gerektigi ifade edilmektedir (Drewry vd., 2008).
Drewry vd. (2008)' de havalanma kapasitesi <%10 (<0.10 m?* m?) oldugunda, genellikle bitki gelisiminin
engellenecegi ve bitki hastaliklarinin tesvik edilecegini bildirmektedir. Mevcut ¢alismada yiiriitiilen tiim
sulama yonetimlerinde findik bahgesi topraklarnin havalanma kapasitesi degerlerinin %10"un altinda
belirlendigi ve bu durumda da findik bahgesi topraklarinin havalanma kapasitesi degerlerinin azalmasinin
baskaca nedenlerinin oldugu degerlendirilmektedir. Dolayisiyla ¢alismanin yiiriitiildiigti findik
bahgesinde topraklarin havalanma kapasitesini artirmak amaciyla toprak isleme, yesil giibre uygulamasi,
organik giibre kullammi gibi c¢esitli toprak yonetimlerinin uygulanmasimin faydali olabilecegi
degerlendirilmektedir.

Kimyasal Toprak Ozellikleri

Findik bahgesi topraklarinin bazi kimyasal ozellikleri tizerine farkli toprak derinlikleri ve sulama
yonetimlerinin etkilerine iliskin sonuglar Cizelge 5'de verilmistir. Cizelgedeki sonuglar incelendiginde,
uygulama faktorlerinin calismada incelenen toprak kimyasal ozellikleri iizerine etkilerinin farkliliklar
gosterdigi goriilmektedir.

Cizelge 5. Farkli sulama yonetimleri ve toprak derinliklerinin toprak kimyasal 6zellikleri iizerine etkileri.
Table 5. The effects of different irrigation managements and soil depths on soil chemical properties.

H EC Nt
Uygulamalar P @S m) ©6)
Derinlik
0-15 cm 6.08(0.18) b 0.28(0.07) a 0.20(0.02) a
15-30 cm 6.71 (0.16) a 0.15(0.06) b 0.12(0.02) b
Sulama Yonetimi
Kontrol 6.54 (040) a 0.19 (0.09) 0.16 (0.04)
% 70 Sulama 6.36 (0.36) b 0.25 (0.09) 0.18 (0.05)
% 100 Sulama 6.33(0.39) b 0.21 (0.11) 0.16 (0.05)
% 130 Sulama 6.37(0.32) b 0.20 (0.09) 0.16 (0.04)
Derinlik (D) <0.05 <0.01 <0.01
Sulama Y6netimi (SY) <0.01 od od
DxSY <0.05 od od

pH: Toprak reaksiyonu; EC: Elektriksel iletkenlik; Nt: Toplam azot; 6d: Onemli degil.
Ay siitunda farkl harflerle gosterilen ortalamalar arasindaki fark istatistiksel olarak (p<0.05) dnemlidir. Parantez igerisindeki veriler standart
sapmay1 ifade etmektedir.

Toprak derinligi ve sulama yonetimlerine bagh olarak topraklarin pH degerlerinin istatistiksel olarak
anlamli diizeylerde (sirasiyla p<0.05 ve p<0.01) degistigi goriilmektedir. Toprak derinliginin toprak
reaksiyonu {izerine etkileri incelendiginde, yiizeyden yikanan bazik katyonlarin alt toprak (15-30 cm
derinlik) reaksiyonunu yiizey topraklarinin (0-15 cm derinlik) reaksiyonuna oranla daha fazla yiikselttigi
ve bu degisiminde istatistiksel olarak anlamli oldugu goriilmektedir. Bu degisimle birlikte alt toprak
derinliginin toprak reaksiyonu hafif asidik reaksiyondan nétr reaksiyona degisirken, buna karsin sulama
yonetimlerinin yiiriitiildiigii tim parsellerdeki topraklarin toprak reaksiyonun benzer sirufta (hafif asidik)
yer aldigr tespit edilmistir (Hazelton ve Murphy, 2007). Sulama yoOnetimlerinin etkileri
degerlendirildiginde ise, Kontrol uygulamasina gore sulama yonetimlerinin toprak pH’sin1 asidik yonde
anlamh farklarla degistirdigi ancak toprak pH’si iizerine sulama yOnetimlerinin etkilerinin kendi
aralarinda benzer oldugu goriilmektedir (Cizelge 5).
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Toprak elektriksel iletkenligi (EC) {izerine toprak derinliginin etkileri istatistiksel olarak p<0.01 diizeyinde
anlamli bulunurken sulama yo6netimlerinin etkileri 6nemsiz bulunmustur. Farkh toprak derinliklerinde
elde edilen toprak elektriksel iletkenligi degerleri, toprak tekstiir siniflar1 i¢in 6nerilen doniisiim katsayisi
degeri kullanularak saturasyon ekstrakti elektriksel iletkenligi degerlerine diizeltildiginde, yiizey
topraklarinin hassas bitkilerin verimini etkileyebilecek diizeyde hafif tuzlu smifinda (2-4 dS m™) yer aldig1
gortilmektedir (Hazelton ve Murphy, 2007). Yine benzer degerlendirmede alt toprak derinligindeki
topraklarin elektriksel iletkenliginin ise tuzlulugun etkilerinin ihmal edilebilir diizeyde oldugu bir
tuzluluk sinmifina (0-2 dS m) sahip oldugu belirlenmistir.

Yiiriitiilen ¢alismada findik bahgesi topraklarinin toplam azot igerigi {izerine toprak derinliginin etkileri
p<0.01 diizeyinde anlamli bulunurken sulama yonetimleri ile sulama yonetimleri x derinlik (SYxD)
etkilesiminin etkileri 6nemsiz olmustur (Cizelge 5). Calismada topraklarin toplam azot diizeyleri, ylizey
toprak derinliginde alt toprak derinliginden istatistiksel olarak anlamli diizeyde daha yiiksek
bulunmustur. Bunlara ilave olarak farkl toprak derinliklerindeki toplam azot igerigi degisimleri yeterlilik
diizeyi bakimindan degerlendirildiginde, yiizey topraklarinin toplam azot igeriginin orta smifinda buna
karsin alt topraklarin toplam azot igeriginin ise diisiik simifinda yer aldig1 belirlenmistir (Hazelton ve
Murphy, 2007). Yiizey toprak derinliginde (0-15 cm) toplam azot diizeyi yeterli gibi goriinmesine karsin
findik bahgesi topraklarinda hem ytizey hem de yiizey alt toprak derinliginin (15-30 ¢cm) toplam azot
igeriginin artirilmasina yonelik toprak yonetimlerinin yiiriitiilmesi dnerilmektedir. Bu amagla, 6zellikle
havanin serbest azotunu fikse etme yetenegine sahip baklagiller grubu bitkilerin kullanildig: yesil giibre
uygulamalarinin topraklarin toplam azot igerigini artirici etkilerinin olabilecegi degerlendirilmektedir.
Ayrica Orti1 bitkilerinin ekimi ve organik giibre olarak toprak igerisine islenmelerinin yani sira ahir giibresi
uygulamalarmin da topraklarin toplam azot igerigini artirabilmek amaciyla findik bahgesinde
yliriitiilebilecek diger toprak yonetimleri olabilecegi degerlendirilmektedir.

SONUC

Mevcut ¢alismada ¢ok yillik ylizey altt damla (YAD) sulama sistemi kullanilarak yiiriitiilen farkl sulama
yonetimlerinin toprak derinligine bagh findik bahgesi topraklari iizerine olan etkileri arastirilmistir. Toprak
derinliginin incelenen 6zelliklerinden tekstiir bilesenleri (kil, silt ve kum igerigi), makropor ve havalanma
kapasitesi gibi fiziksel toprak ozellikleri {izerine etkisinin bulunmadig: belirlenmistir. Ancak topraklarin
hacim agirliginin artan toprak derinligine bagh olarak arttigi ve bu durumda da findik bitkisinin kok
sistemine kars1 asir1 mekaniksel direng geliserek iiriin veriminin azalabilecegi degerlendirilmistir. Hacim
agirliginin ortaya koyacag bu etkilerinin azaltilmasina yonelik yiiriitiilecek toprak yonetimlerinin ¢alisma
alaninda findigin stirdiiriilebilir {iretimine fayda saglayacagi degerlendirilmektedir. Sulama
yonetimlerinin de yine toprak derinligine benzer etkilerinin olabildigi ve %130 sulama yOnetiminin
toprakta daha fazla sikismaya yol agarak havalanma kapasitesini azalttif1 tespit edilmistir. Sulama
yonetimleri arasinda %100 sulama yonetiminin Kontrol uygulamasina benzer etkilerinin oldugu ve bitki
kok gelisimine kars1 daha az mekaniksel direng yaratmakla birlikte kok bolgesinde de daha yiiksek
havalanma imkarni sagladig: belirlenmistir.

CIKAR CATISMASI
Yazarlar aralarinda herhangi bir ¢ikar ¢catismasinin olmadigini bildirmektedir.

YAZAR KATKISI

Calismanin yazarlarindan Edip Erhan Kiiciik, arazide toprak oOrneklemelerinin yiiriitiilmesi, toprak
orneklerinin analize hazirlanmasi, laboratuvar analizleri ve veri girisi; Mustafa Saglam, calismanin
planlanmasi, arazide toprak orneklemelerinin yiiriitiilmesi, istatistiksel analizler, makale yazimi ve
denetimi, Serkan Ig, galismanin planlanmasi, arazide toprak drneklemelerinin yiiriitiilmesi ve makale
yaziminin kontrolii siireclerine katki vermislerdir.

TESEKKUR

Yazarlar, bu arastirmanin yiiriitiilmesine imkan saglayan findik bahgesi sahibi Sayin Habip Atasoy’a ve
calismanin sulama sistemi altyapisina vermis oldugu destek nedeniyle Netafim firmasmna tesekkiir
etmektedirler.
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Parasites Detected in Hatay Mountain Gazelles (Gazella gazella)
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Abstract: The current study aimed to detect parasites in Hatay Mountain Gazelles (Gazella gazella), which are categorized as endangered according
to the International Union for Conservation of Nature. The present study was conducted in Hatay Mountain Gazelle Wildlife Development Area,
where 40 gazelles inhabited (30 2, 10 &), 15 of which were over three years old as well-considered adults. Fecal samples were taken from 60 fecal
foci immediately after the defecation of the gazelles. Each of the fecal samples was analysed with Benedek sedimentation, Fiilleborn flotation and
Bearman-Wetzel methods and examined under a light microscope. In addition, Ixodid ticks were collected from an injured gazelle which was
brought to Hatay Mustafa Kemal University, Wildlife Rescue and Rehabilitation Center, then were identified under the stereomicroscope.
Nematodirus spp. (5/60, 8%), Marshallagia spp. (4/60, 7%), Trichostrongylus spp. (3/60, 5%) eggs, Dictiyocaulus filaria larvae (3/60, 5%) and Eimeria spp.
oocysts (9/60, 15%) were determined based on the microscopic examination. Ixodid tick samples were identified as Rhipicephalus turanicus (2 ¢, 3
d). Thus this is the first report of the existence of parasites in Hatay Mountain Gazelles in Turkey. It is thought that skin and fecal examinations
should be performed to prevent parasitic diseases in gazelles.

Keywords: Endangered, Gazella gazella, Hatay Mountain Gazelle, parasite

&

Oz: Sunulan ¢ahsmada, Uluslararasi Dogay1 Koruma Birligi'ne gore nesli tehlike altinda olarak smiflandirilan Hatay Dag Ceylanlari'ndaki (Gazella
gazella) parazitlerin tespit edilmesi amaglanmustir. Calisma, Hatay Dag Ceylanlar1 Yaban Hayat1 Geligtirme Sahasi’'nda, 15 tanesi 3 yasin tistiinde ve ergin
kabul edilen 40 adet (30 €, 10 &) ceylanin yasadig1 arazide yapilmistir. Ceylanlarin digkilamalar takip edilerek 60 adet digki odagindan digk: drnekleri
alinmustir. Orneklerin her biri, Benedek sedimentasyon, Fiilleborn flotasyon, Bearman-Wetzel metodlar: ile analiz edilerek 151k mikroskobu altinda
incelenmistir. Ayrica Hatay Mustafa Kemal Universitesi, Yaban Hayvam Kurtarma ve Rehabilitasyon Merkezi'ne getirilen yarali bir ceylandan toplanan
Ixodid keneler stereomikroskopta teshis edilmistir. Digki 6rneklerinin mikroskobik muayenesinde; Nematodirus spp. (5/60, %8), Marshallagia spp. (4/60,
%?7), Trichostrongylus spp. yumurtalarina (3/60, %5), Dictiyocaulus filaria larvalarina (3/60, %5) ve Eimeria spp. ookistlerine (9/60, %15) rastlanmustir. Ixodid
kene ornekleri ise Rhipicephalus turanicus (2 @, 3 &) olarak teshis edilmistir. Bu calismayla Tiirkiye’de Hatay Dag Ceylanlar’'nda parazitlerin varlig: ilk
kez kayit altina alinmustir. Ceylanlarda paraziter kaynakli hastalik olusumunun 6nlenebilmesi icin deri ve digki muayenelerinin yapilmas: gerektigi
diistinilmektedir.

Anahtar Kelimeler: nesli tiikkenmekte olan, Gazella gazella, Hatay Dag Ceylani, parazit
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Parasites Detected in Hatay Mountain Gazelles (Gazella gazella)

INTRODUCTION

There are 173 mammal species belonging to 36 families in Turkey, which is very rich in terms of biological
diversity (Karatas et al., 2021) and some of these species are categorized as endangered or below, according
to the International Union for Conservation of Nature. Gazelles are placed in the family Bovidae, subfamily
Antilopinae (antelopes). Sand gazelle (Gazella marica) and Mountain Gazelle (Gazella gazella), which are
among the gazelle species in Turkey, are classified as vulnerable and endangered species, respectively
(ilaslan, 2019; Karatas et al., 2021). Mountain Gazelle (Gazella gazella), which lives in hilly areas and steep
slopes with arid and semi-arid climate, is now widespread in the Golan Heights in Israel and Palestine,
Central Israel, Jordan Valley and the northern Negev. A small population of these gazelles inhabits the area
close to the Syrian border in the Kirikhan-Incirli settlement of Hatay province in Turkey, and they are called
Hatay Mountain Gazelle in the region (Ergiin et al., 2010; Hadas et al., 2015; flaslan, 2019; Kankilig et al.,
2012). These gazelles have a slender body structure in proportion to their long neck and legs, and also have
dark bands on their face, flanks and haunches. The lower and lateral parts of their bodies are white; the
limbs are light brown, and the body is dark brown. Hatay Mountain Gazelles are sexually dimorphic. Adult
males are larger than females, and their horns are more structured with distinctive rings (Mendelssohn et
al., 1995).

The number of gazelles, which constitute an important part of wildlife in the world, can decrease rapidly
due to diseases (Shimshony et al., 1986), hunting, heavy pesticide use, deterioration of their habitats, and
capture for trade (Giirler et al., 2015; Kankilig et al., 2012). Helminth infections affecting the liver, lungs and
gastrointestinal system are common in gazelles (Saud et al.,, 2012). Ectoparasitic infestations such as
myiasis, lice, fleas, ticks, and scabies are also encountered (Yeruham et al., 1999). Parasitic diseases have a
remarkable impact on wildlife. These diseases may cause symptoms such as weight loss, fatigue, diarrhea,
scruffy hair, submandibular edema in gazelles which are captivated and exposed to stress conditions
(Mohammed et al., 2007; Saud et al., 2012). Furthermore, they may lead to economic losses, a decrease in
animal productivity and herd immunity, and even death in severe infections (Ortiz et al., 2006).

This study aimed to detect the parasites in Hatay Mountain Gazelles using microscopic and morphological
methods.

MATERIAL AND METHOD
This research was approved by the Animal Ethical Committee of Hatay Mustafa Kemal University
(decision no: 2021/06-09).

Study Site

Kirikhan is a district of Hatay in Southern Anatolia (36°29’N, 36°21’E) and has a mild Mediterranean climate.
This study was conducted in the Hatay Mountain Gazelle Wildlife Development Area, which is known to
host 40 Hatay Mountain Gazelles. This place is located in an isolated area of 120 decares surrounded by
wires in Kirikhan, Incirli village, which is and stated on the borderline of 10-12 km to Syria in a
mountainous region of approximately 15,000 hectares and estimated to host 1200 Hatay Mountain Gazelle.
In this area, which is surrounded by wires, only Hatay Mountain Gazelles live, except for animals such as
rabbits, snakes, moles, voles and wild birds that cannot be prevented from entering the field. Gazelles
usually herd in threes and eights (Can, 2019; Ilaslan, 2019) and gather around feeding racks and water
troughs placed at the entrance and in the middle of the isolated area for feeding and drinking water (Figure
1).
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Figure 1. Hatay Mountain Gazelles (Gazella gazella) in the Wildlife Development Area.
Sekil 1. Yaban Hayat1 Gelistirme Sahasi'ndaki Hatay Dag Ceylanlari(Gazella gazella).

Collection of Samples

The materials of this study consisted of fecal samples were obtained from Hatay Mountain Gazelle Wildlife
Development Area between March and May 2021 and Ixodid ticks were collected from an injured gazelle
which brought to Hatay Mustafa Kemal University, Wildlife Rescue and Rehabilitation Center. There were
40 gazelles (30 @, 10 &) in the area, 15 of which were over 3 years old and considered as adults. Fecal
samples were taken from 60 fecal foci which belong to 40 gazelles state in the area. Fecal samples and ticks
were collected by the veterinarian in charge. It was informed that gazelles were not administered any drugs
or anthelmintic because their general clinical condition was good and they were difficult to catch.

Fresh fecal samples were taken from 60 fecal foci without touching the soil part by following the defecations
of the gazelles. Samples were collected using disposable gloves in 50 gram sterile sealed plastic containers
marked with a protocol number, and transported in the cold chain to the Department of Parasitology,
Faculty of Veterinary Medicine, Hatay Mustafa Kemal University. The collected Ixodid tick samples were
preserved in a glass bottle containing 70% ethyl alcohol.

Microscopic Analysis

Ixodid tick samples were examined under a stereomicroscope. Each of the fecal samples was analyzed by
Benedek sedimentation, Fiilleborn flotation, Bearman-Wetzel methods and investigated for parasitic forms
under the light microscope. The helminth eggs, protozoan oocysts and tick species were morphologically
identified according to the relevant literature (Dantas-Torres et al., 2017; Glirler, 2016; Saud et al., 2012). 2%
KoCr:07 was added to Eimeria positive fecal samples and exposed to sporulation under laboratory
conditions.

RESULTS AND DISCUSSION

Of the 60 fecal samples obtained from fecal foci of Hatay Mountain Gazelles tested, 24 (40%) were found
to be infected with parasitic forms. 36 (60%) of the fecal samples were negative. Eimeria spp. oocysts (9/60,
15%) were determined to be the most common parasitic form, followed by Nematodirus spp. (5/60, 8%),
Marshallagia spp. (4/60, 7%), Trichostrongylus spp. (3/60, 5%) eggs, Dictiyocaulus filaria larvae (3/60, 5%) based
on the microscopic examination of feces (Figure 2). Although ultimate attention has been shown to collect
fecal samples fresh, it was observed that larvae and spores developed in eggs and oocysts, respectively, in
a few samples. The collected Ixodid ticks were identified as Rhipicephalus turanicus 2 9, 3 &).
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j pm

Figure 2. Parasitic forms detected in fecal samples of Hatay Mountain Gazelles.

a-b) Non-sporulated and sporulated Eimeria spp. oocyst, c) Larvae of Dictyocaulusfilaria, d-e) Embryonated and non-
embryonated eggs of Marshallagia spp., f-g) Embryonated and non-embryonated eggs of Trichostrongylus spp.,
h)Nematodirus spp. egg (Scale bar for egg and oocyst: 30 pm).

Sekil 2. Hatay Dag Ceylanlari’min digki 6rneklerinde tespit edilen parazit formlar1.

a-b) sporlanmamis ve sporlanmuig Eimeria spp. ookisti, ¢) Dictyocaulus filaria larva, d-e) Marshallagia spp larvalanmamis ve
larvalanmig yumurta, f-g) Trichostrongylus spp. larvalanmg ve larvalanmarmg yumurta, h)Nematodirus spp. yumurta (Yumurta
ve ookistler icin 6l¢ii bari: 30 um).

The knowledge about the parasitic fauna of gazelles is expanding. Various parasitic infections have been
detected in different gazelle species in the world. Some of these infections are associated with
helminths(Ashor, 2009; Baghi et al., 2016; Eslami et al., 1981; Modabbernia et al., 2021; Saud et al., 2012).
Protozoan infections linked with Eimeria species (Ashor, 2009; Baghi et al., 2016; Mohammed, 2002; Saud
et al., 2012) also have been reported in previous studies. The most prevalent helminth infections are caused
by nematodes, particularly gastrointestinal nematodes (Ashor, 2009; Baghi et al., 2016; Kolapo and Jegede,
2017; Modabbernia et al., 2021; Saud et al., 2012). Rhipicephalus turanicus from Ixodid ticks, which is known
to infest domestic and wild animals as hosts for their developmental stage (Chochlakis et al., 2014), was
recorded in large numbers (128 @, 161 &) on 222 gazelles in Israel (Yeruham et al., 1999), was found on an
injured Mountain Gazelle (22, 3 ) in this study. Several gastrointestinal nematodes such as Teladorsagia
(Yilmaz, 2021), Nematodirus, Ostertagia and Trichostrongylus species (Altas and Iriadam, 2004), cestodes such
as hydatid cyst (Saglam et al., 2011), protozoans such as Toxoplasma (Gokcen et al., 2007) and Eimeria species
(Altas and Iriadam, 2004) were encountered in different gazelle species in Turkey. Besides these, a number
of ectoparasitic infections including genital and cutaneous myiasis caused by Lucilia sericata (Gokcen and
Sevgili, 2007; Sevgili et al., 2004) and sarcoptic mange (Kurtdede et al., 2007) were also reported in
aforementioned gazelles.

Gastrointestinal nematodes are widespread helminths in cattle, sheep, goats and wild ruminants grazing
on the same pasture all over the world. Wild ruminants are more likely to be infected with gastrointestinal
nematodes in comparison with domestic ruminants (Carrau et al., 2021). Previous studies have reported
that gazelles were concurrently infected with gastrointestinal nematodes including the members of the
genera; Haemonchus, Ostertagia, Teladorsagia, Marshallagia, Camelostrongylus, Trichostrongylus, Cooperia,
Nematodirus, Nematodirella belonging to superfamily Trichostrongyloidea (Baghi et al., 2016; Goossens et
al., 2005; Modabbernia et al., 2021; Ortiz et al., 2006; Saud et al., 2012). In these cases of multiparasitism,
Nematodirus species were more dominant compared to other gastrointestinal nematodes because their eggs
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are more resistant to environmental conditions (Eslami et al., 1980; Ortiz et al., 2001, 2006; Saud et al., 2012).
In this study carried out in Hatay Mountain Gazelles in the isolated region, the findings of different species
such as Nematodirus (8%), Marshallagia spp. (7%) and Trichostrongylus (5%), and the fact that Nematodirus
was the most abundant species, are compatible with those determinations. Gastrointestinal nematode
species and Eimeria oocysts stated in this study were also observed in Gazella subgutturosa in Sanlhurfa (Altas
and Iriadam, 2004). In addition to that D. filaria and Rh. turanicus were detected in Hatay Mountain
Gazelles.

Parasitic infections are subclinical in wild animals due to premunity against parasites. Mir et al. 2016
reported that disease may occur if the balance between parasite and host resistance is disrupted by reason
of isolation and stress conditions of wild animals. In the current study, isolated Mountain Gazelles, whose
feces were examined, appeared to be clinically healthy. It can be attributed to the that gazelles were exposed
to an inconsiderable amount of disease agents originating from the pasture and the stress conditions did
not occur at the level to cause illness.

Lungworms belonging to the family Protostrongylidae infect a wide range of domestic and wild animals.
Some of these parasites are causative agents of pneumonia but also can damage lung tissue and lead to
secondary infections (Saidi et al., 2020b). Weight loss, respiratory discomfort, reduction in reproductive
performance and death occur associated with these nematodes (Panayotova-Pencheva and Alexandrov,
2010). Muellerius capillaris and Neostrongylus linearis species of lungworms have been reported in 60 gazelles
(Gazella dorcas) in Morocco (Saidi et al., 2020b) whereas there were no lungworms in the necropsy of 24
gazelles (Gazella subgutturosa) in Iran (Modabbernia et al., 2021). In this study, D. filaria, which is frequently
found in sheep and goats but can also be seen in wild ruminants (Lopez and Martinson, 2017) was
determined.

Eimeria species are intestinal protozoa with the host specificity and variable degree of pathogenicity
worldwide. It has been reported that Gazella spp., which shows herding behaviour as compared with other
antelope species, become more susceptible to such infections, especially under stress conditions because of
the limitation of their habitats (Saidi et al., 2020a). Eimeria infections were determined in 48% of Gazella
marica species, 25% of which had diarrhea in Saudi Arabia (Hussein and Mohammed, 1992), and 12% in
Gazella subgatturosa in Iraq (Saud et al., 2012). In the present study, the prevalance of Eimeria infection (15%)
in Hatay Mountain Gazelles is close to the rate determined in Iraq and the presence of infection can be
related to the herding behaviour of gazelles and frequently gathering around feeding racks and water
troughs.

CONCLUSION

In conclusion, with the current study, the existence of parasites in Hatay Mountain Gazelles was
comprehensively reported for the first time in Turkey. It is concluded that parasitic diseases can be
prevented by monitoring proceedings including the skin and fecal examinations of the gazelles under
protection.
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Bartin ilindeki Memeli (Classis: Mammalia) Tiirleri ve Korunma Durumlari
Mammalian Species of Bartin Province and Conversation Status (Classis: Mammalia)
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Oz: Bartin ilinin dogal cevrelerinde bulunan Mammalia smifina mensup tiirlerin tespit edilmesi igin yapilan bu aragtirma 2016-2017 yillari arasinda
gergeklestirilen arazi calismalar1 ve literatiir degerlendirilmelerini kapsamaktadir. Arazi calismalarinda tiirlerin tespiti i¢in Sherman kapanlari,
fotokapanlar ve yarasa dedektorleri kullanilmistir. Bunun yaninda Memeli tiirlerine ait yuvalar, hayvanlara ait viicut parcalari, digki, ve ayak izleri gibi
emareler kayit altina alinmustir. Ayrica baykuslara ait pelletlerde bulunan hayvanlara ait kemik kalintilar1 degerlendirlmistir. Varligi kanitlanan Mammalia
smufinin {iyesi olan tiirlerin farkli kategorilerdeki korunma statiileri tablolarda verilmistir. Calismadan elde edilen verilere gore, Bartin’da Memeli sinifinin
alt1 takimina dahil olan 30 tir kaydedilmistir. Calisma alaninda en sik goriilen tiirlerin Sus scrofa Linnaeus, 1758 (Yaban domuzu), Capreolus capreolus
(Linnaeus, 1758) (Karaca), Canis aureus Linnaeus, 1758 (Altin ¢akal), Vulpes vulpes (Linnaeus, 1758) (Kizil tilki), Martes foina (Erxleben, 1777) (Kaya sansar1),
Erinaceus concolor Martin, 1837 (Kirpi), ve Apodemus flavicollis (Melchior, 1834) (Orman faresi) oldugu belirlenmistir. Arastirma sahasinda Lutra lutra
(Linnaeus, 1758) Su samuru’nun tespit edildigi Bakioglu, Budakdiizii, Caybiikii, Hisarkdy alanlari tiir igin yeni yayilis kayitlar1 olarak belirlenmistir.
Anahtar Kelimeler: Tiirkiye, Bartin, Memeliler, Biyogesitlilik, Fauna.

&

Abstract: This research, which was carried out to determine the species belonging to the class Mammalia in the natural environment of Bartin province,
includes field studies and literature evaluations carried out between 2016-2017. Sherman traps, photo traps and bat detectors were used to detect the species
in field studies. In addition, signs such as mammalian nests, animal body parts, feces, and footprints were recorded. In addition, bone remains of animals
in pellets belonging to nocturnal predators were evaluated. Conservation status of the members of the Mammalia class, whose existence has been proven,
are given in the tables. According to the data obtained from the study, 30 species included in the six orders of the Mammal class were recorded in Bartin.
The most common species in the study area are Sus scrofa Linnaeus, 1758 (Wild boar), Capreolus capreolus (Linnaeus, 1758) (Roe deer), Canis aureus Linnaeus,
1758 (Golden jackal), Vulpes vulpes (Linnaeus, 1758) (Red fox), Martes foina (Erxleben, 1777) (Rock marten), Erinaceus concolor Martin, 1837 (Hedgehog), and
Apodemus flavicollis (Melchior, 1834) (Forest mouse). Lutra lutra (Linnaeus, 1758) otter was detected in research areas of Bakioglu, Budakdiizii, Caybiikii
and Hisarkoy, as new distribution records for the species.

Keywords: Tiirkiye, Bartin, Mammalia, Biodiversity, Fauna.
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Makalenin Tiirk¢e Baghg

GIRIS

Diinya genelinde Memeliler sinifi 27 takim, 153 familya, 1229 cins ve 6495 tiir ile temsil edilmektedir. (Burgin
vd., 2018). Ulkemizde 8 takima ait yaklasik 170 memeli tiirti bulunmaktadir (Toyran, 2011). Bartin'in ilinin
bulundugu Bat1 Karadeniz bdlgesinden Mammalia sinifina ait tiirlerle ilgili oldukca simirh sayida galisma
yapimustir. (Kefelioglu, 1995; Kurtonur vd., 1996; Eken vd., 2006; Yigit vd., 2006; Ertiirk, 2010; Soyumert,
2010; Ozkazang, 2012; Celebi vd., 2015; Kefelioglu ve Selguk, 2016; Horasan, 2018; IUCN, 2022).

Bu arastirmada Bartin ilinde arazi ¢alismalar: ve literatiir bilgileriyle memeli tiirlerinin yayilis alanlar1 ve
tiirlere ait koruma statiileri giincellenerek listelenmistir.

MATERYAL VE METOT

Bartin ili 41°53' kuzey enlemi ile 32°45' dogu boylamlari arasinda yer almaktadir (Sekil 1). Karadeniz
Bolgesi'nde yer alan Bartin ilini glineydogudan Karabiik, batidan Zonguldak, dogudan Kastamonu illeri ve
kuzeyden Karadeniz gevrelemektedir. Ilin toplam yiizélgiimii 233.000 ha olup, il merkezinin rakimi 25
metredir. ilin orman alami 135.437 ha (%57) olarak kaydedilmistir. (ICDR, 2020). Bartin'in yillar i¢indeki
meteorolojik verileri Cizelge 1’de gosterilmektedir (MGM, 2022).

Bartin ilindeki dogal habitatlarda bulunan memeli hayvan tiirlerinin tespitine yonelik Subat 2016-Eyliil 2017
tarihleri arasinda arazi c¢alismalar1 gergeklestirilmis bunun yaninda literatiir c¢alismalar1 da
degerlendirilmistir. Bolgedeki halktan memeli hayvanlarin yayilislar ile ilgili bilgiler de alinarak ¢alismada
kullanilmistir. Arazi ¢alismalarinda tiirlerin varligini karnitlayacak yuvalar, diski ornekleri ve ayak izleri
fotograflanmistir. ~ Sherman tipi kapanlarla Rodentia ve Eulipotyphla takimlarmma mensup tiirler
yakalanmistir. Biiyiik Memeli tiirler fotokapanlarla goriintiilenmeye calisilmistir. Arag carpmalar veya
dogal yollarla 6len bireyler ve baykus peletlerinde bulunan tiirlere ait kafatasi ve alt ¢ene ornekleri de
degerlendirmeye katilmigtir. Tespit edilen tiirlerin ve izlerinin tanimlanmasinda teshis anahtarlar
kullanilmistir (Turan, 1984; Krystufek ve Vohralik, 2001; Krystufek ve Vohralik, 2005; Krystufek ve Vohralik,
2009; WWE, 2016).
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Figure 1. Map of Bartin province
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Cizelge 1. Bartin ili meteorolojik verileri (1961-2021).

Table 1. Meteorological data of Bartin province (1961-2021).

Bartin ilinin meteorolojik verilerinin ortalama degerleri

Ocak Subat Mart Nisan Mayis  Haziran Temmuz  Agustos Eyliil Ekim Kasim Aralik Yillik
Ort. Sicaklik 4.0 4.9 7.3 11.4 15.8 19.8 22.0 21.8 18.0 13.8 9.2 5.8 12.8
O
Ort. En Yiiksek 9.2 10.6 13.4 18.0 224 26.1 283 28.4 25.1 20.6 16.0 11.3 19.1
Sicaklik (°C)
Ort. En Diisiik 0.4 0.7 2.5 5.9 10.0 13.6 15.8 15.7 12.2 8.9 4.6 2.1 7.7
Sicaklik (°C)
Ortalama 15.65 1424 1559 1159 1129  9.65 6.65 5.06 11.41 15.29 12.00 16.53 145.0
Yagish Giin
Sayisi
Aylik Toplam 119.5 86.0 782 58.6 54.9 71.7 62.3 76.7 85.6 109.3 113.4 132.9 1049.1
Yagis Miktar1
Ort. (mm)

Uzun Yillar i¢inde Gergeklesen En Yiiksek ve En Diisiik Degerler

En Yiiksek 23.2 27.2 31.6 34.1 39.1 38.0 42.8 41.3 40.5 37.1 30.6 27.7 42.8
Sicaklik (°C)
En Diistik -15.4 -18.6 -13.1 -4.5 -1.3 53 8.0 6.7 1.5 -3.2 -5.6 -10.6 -18.6
Sicaklik (°C)

Kemirici ve bocekgil tiirlerin tespiti icin Sherman tipi kapanlarina yem olarak yerfistig1 ve ekmek karisimi

yerlestirilmis yem olarak konulmustur. Tespit edilen tiirlerin fotograflari cekilmis sonra serbest birakilmistir.
Fotokapan kurulmasi igin yaban hayvanlarimin yogun olarak kullandiklar1 su kenari, patika, orman igi
uygun noktalar tercih edilmistir. Yarasa orneklerini tespiti icin magara, terk edilmis meski(in mahaller,
orman igleri gibi alanlarda atrap ve sis ag1 ile yakalanan tiirlerin fotograflar1 ¢ekilmis ve kayit altina

alinmistir. Ultrasonik ses kayit cihazlari (Pettersson D500x ve Pettersson D240x) ile yarasalara ait ses kayitlar1
alinmais ve seslerin analizi i¢in Bat sound ver 4.4, Bat Explorer 2.1 programlar: kullanmilmistir (Sekil 2).
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Sekil 2. Arazi calismalarinda tiir tespiti i¢in kullanulan arag, gereg ve kanutlar (Soldan saga: a) Canl1 yakalama kapanlari,
b) fotokapan, c) diski, d) yuva, e) viicut parcalari, f) yarasa dedektorleri, g) baykus peletleri).

Figure 2. Tools, equipment and evidence used for species detection during field studies (From left to right: a) live traps, b) wildlife
camera traps, c) feces, d) nest, e) body parts, f) bat detectors, g) owl pellets).

Arazi ¢calismalari sonucunda kaydedilen tiirlerin IUCN (2022), (The International Union for Conservation of
Nature), BERN (1979), (Conservation of European Wildlife and Natural Habitats), CITES, (The Convention
on International Trade in Endangered Species of Wild Fauna and Flora), MAKK (2021-2022) (Merkez Av

Komisyonu Kararlari)'na gore korunma durumlari tablolarda verilmistir.

BULGULAR VE TARTISMA
Bartin ili ve yakin gevresinde daha 6nce yapilan arastirmalarda verilen tiir yayilis kayitlar1 Cizelge 2’ de

gosterilmektedir. Bu ¢calisma kapsaminda arazi ¢alismalari neticesinde toplam 6 takima ait toplam 30 memeli
tiirii tespit edilmistir. Bu tiirler Carnivora takimina ait; Canis aureus (Cakal), Canis lupus (Kurt), Felis silvestris
(Yaban kedisi), Lutra lutra (Su samuru), Martes foina (Kaya sansar1), Meles meles (Porsuk), Mustela nivalis
(Gelincik), Ursus arctos (Boz ay1), Vulpes vulpes (Kizil tilki), Cetartiodactyla takimina ait; Capreolus capreolus
(Karaca), Sus scrofa (Yaban domuzu), Cervus elaphus (Kizil geyik) Chiroptera takimina ait; Pipistrellus
pipistrellus (Ciice yarasa), Rhinolophus ferrumequinum (Biiyiik Nalburunlu yarasa) Rhinolophus hipposideros
(Kiiglik Nalburunlu yarasa), Nyctalus noctula (Agag yarasasi) Eulipotyphila takimina ait; Crocidura leucodon
(Beyazdisli bocekgil), Erinaceus concolor (Kirpi), Talpa levantis (Akdeniz kostebegi) Rodentia takimina ait
Microtus mystacinus, Glis glis (Yediuyur), Muscardinus avellanarius (Findik faresi), Apodemus sylvaticus (Dag
faresi), Apodemus flavicollis (Saritboyunlu ormanfaresi), Mus domesticus (Ev faresi), Rattus norvegicus (Go¢men
sican), Rattus rattus (Ev sicami), Sciurus anomalus (Anadolu sincabi), Nannospalax xanthodon (Korfare),
Lagomorpha takimina ait Lepus europaeus (Yaban tavsani), olarak tespit edilmistir. llde endemik Memeli tiirii

bulunmamaktadir.
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Cizelge 2. Bartin ili ve yakin bolgesinden memelilere ait ¢calismalara ait literatiir bilgileri.
Table 2. Literature information on mammalian studies from Bartin province and its vicinity.

Takim Familya Tiir Literatiir kayd1
Carnivora Canidae Canis aureus Linnaeus, 1758 | Demirsoy (1997); Ambarh vd. (2016)
Canis lupus Linnaeus, 1758 Demirsoy (1997); Ozkazang (2012); Ambarl vd. (2016); IUCN
(2022)
Vulpes vulpes (Linnaeus, | Kurtonur vd. (1996); Demirsoy (1997); Soyumert (2010);
1758) Ozkazang (2012); Ambarli vd. (2016); TUCN (2022)
Felidae Lynx lynx (Linnaeus, 1758) Kurtonur vd. (1996); Demirsoy (1997); Eken vd. (2006); IUCN
(2022)
Felis silvestris Schreber, 1777 | Demirsoy (1997); IUCN (2022)
Mustelidae Lutra lutra (Linnaeus, 1758) | Kurtonur vd. (1996); Demirsoy (1997); Eken vd. (2006); IUCN
(2022)
Martes martes (Linnaeus, | Demirsoy (1997); IUCN (2022)
1758)
Martes  foina  (Erxleben, | Ozkazang (2012)
1777)
Meles meles (Linnaeus, 1758) | Kurtonur vd. (1996); Demirsoy (1997); IUCN (2022)
Mustela nivalis (Linnaeus, | Demirsoy (1997); IUCN (2022)
1766)
Vormela peregusna | Demirsoy (1997); IUCN (2022)
(Giildenstadt, 1770)
Ursidae Ursus arctos Linnaeus, 1758 | Kurtonur vd. (1996); Ozkazang (2012); [UCN (2022)
Cetartiodactyla Cervidae Capreolus capreolus | Kurtonur vd. (1996); Demirsoy (1997); Ozkazang (2012);
(Linnaeus, 1758) TUCN (2022)
Cervus elaphus Linnaeus, | Kurtonur vd. (1996); Demirsoy (1997); Ozkazang (2012);
1758 TUCN (2022)
Suidae Sus scrofa Linnaeus, 1758 Kurtonur vd. (1996); Demirsoy (1997); Ozkazang (2012);
TUCN (2022)
Chiroptera Rhinolophidae Rhinolophus euryale Blasius, | Demirsoy (1997)
1853
Rhinolophus  ferrumequinum | Demirsoy (1997); IUCN (2022)
(Schreber, 1774)
Rhinolophus hipposideros | Demirsoy (1997); IUCN (2022)
(Bechstein, 1800)
Vespertilionidae | Myotis daubentonii (Kuhl, | IUCN (2022)

1817)
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Cizelge 2. Devam1.
Table 2. Continue.

1778)

Chiroptera Myotis blythii (Tomes, 1857) | Demirsoy (1997); IUCN (2022)
Vespertilionidae | Nyctalus noctula (Schreber, | Kurtonur vd. (1996); Demirsoy (1997); IUCN (2022)
1774)
Pipistrellus pipistrellus | Kurtonur vd. (1996); Demirsoy (1997); IUCN (2022)
(Schreber, 1774)
Eulipotyphla Erinaceidae Erinaceus concolor Martin, | Kurtonur vd. (1996); Demirsoy (1997); IUCN (2022)
1837
Soricidae Crocidura leucodon | TUCN (2022)
(Hermann, 1780)
Crocidura suaveolens (Pallas, | Celebi vd. (2015); IUCN (2022)
1811)
Neomys anomalus Cabrera, | Demirsoy (1997); IUCN (2022)
1907
Neomys teres Miller, 1908 Demirsoy (1997); Kefelioglu ve Selguk (2016)
Sorex araneus Linnaeus, | Demirsoy (1997)
1758
Sorex minutus Linnaeus, | Demirsoy (1997)
1766
Talpidae Talpa levantis Thomas, 1906 | Demirsoy (1997); IUCN (2022)
Lagomorpha Leporidae Lepus europaeus Pallas, Demirsoy (1997); Ozkazang, 2012; TUCN (2022)
1778
Oryctolagus cuniculus | Demirsoy (1997)
(Linnaeus, 1758)
Rodentia Cricetidae Arvicola amphibius | Demirsoy (1997); Krystufek ve Vohralik (2005); Yigit vd.
(Linnaeus, 1758) (2006); IUCN (2022);
Cricetulus migratorius | Demirsoy (1997); Yigit vd. (2006); IUCN (2022);
(Pallas,1773)
Microtus levis Miller, 1908 Kefelioglu (1995); Kurtonur vd. (1996); Demirsoy (1997);
IUCN (2022); Krystufek ve Vohralik (2005); Yigit vd. (2006)
Microtus subterraneus (de | Kefelioglu (1995); Kurtonur vd. (1996); Demirsoy (1997);
Selys-Longchamps, 1836) Krystufek ve Vohralik (2005); Yigit vd. (2006); IUCN (2022)
Mesocricetus brandti | Yigit vd. (2006)
(Nehring, 1898)
Myodes glareolus (Schreber, | Kurtonur vd. (1996); Demirsoy (1997); Celebi vd. (2015);
1780) TUCN, (2022)
Gliridae Dryomys nitedula (Pallas, | Demirsoy (1997); Krystufek ve Vohralik (2005); Yigit vd.

(2006); TUCN (2022)

Glis glis (Linnaeus, 1766)

Kurtonur vd. (1996); Demirsoy (1997); Krystufek ve Vohralik
(2005); Celebi vd. (2015); IUCN (2022);

————
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Cizelge 2. Devamu.
Table 2. Continue.

Rodentia Gliridae Muscardinus  avellanarius | Demirsoy (1997); Krystufek ve Vohralik (2005); Yigit vd.

(Linnaeus, 1758) (2006); IUCN (2022)

Muridae Apodemus flavicollis | Kurtonur vd. (1996); Demirsoy (1997); Yigit vd. (2006); Celebi
(Melchior, 1834) vd. (2015); IUCN (2022)
Apodemus mystacinus | Demirsoy (1997); Yigit vd. (2006); Celebi vd. (2015); IUCN
(Danford and Alston, 1877) | (2022)
Apodemus uralensis (Pallas, | Celebi vd. (2015); Yigit vd. (2006); IUCN (2022)
1811)
Apodemus witherbyi | Celebi vd. (2015)
(Thomas, 1902)
Apodemus sylvaticus | Demirsoy (1997)
(Linnaeus, 1758)
Mus musculus Linnaeus, | Demirsoy (1997); Yigit vd. (2006)
1758
Rattus  rattus (Linnaeus, | Kurtonur vd. (1996); Demirsoy (1997); Yigit vd. (2006); IUCN
1758) (2022)
Rattus norvegicus | Kurtonur vd. (1996); Demirsoy (1997); Yigit vd. (2006); IUCN
(Berkenhout, 1769) (2022)

Sciuridae Sciurus anomalus Gmelin, | Kurtonur vd. (1996); Demirsoy (1997); Krystufek ve Vohralik
1778 (2005); Yigit vd. (2006); IUCN (2022)

Spalacidae Nannospalax xanthodon | Kurtonur vd. (1996); Demirsoy (1997); IUCN (2022)
(Nordman, 1840)

Verilerin degerlendirilmesi sonucu Bartin’daki Memeli tiirlerinin her birine ait lokaliteler ve tespit edilen
koruma statiileri tiirlere ait bazi fotograflar asagida verilmistir (Cizelge 3; Sekil 4; Sekil 5; Sekil 6).

Cizelge 3. Bartin ilinde belirlenen Memeli tiirlerinin IUCN, CITES, BERN ve MAKK’a gore koruma durumlar1 ve

lokaliteleri.

Table 3. Conservation status of Mammal species determined in Bartin province according to IUCN, CITES, BERN, MAKK and
localities of the species.

Tiir

TUCN* CITES* BERN*

MAKK*

Lokalite**

Canis aureus Linnaeus, 1758 LC

EKIII II

2,3,4,7,9,10,12, 14, 15, 16, 18, 19, 22, 23, 24,
25,27, 29, 31, 34, 35, 36, 37, 40, 41, 43, 44, 45,
49, 53, 56, 59, 60, 63, 70, 71, 72, 74, 75, 76, 77,
78,79, 80, 81, 82, 84, 85, 86, 87, 91, 93, 94, 95,
97,98

Canis lupus Linnaeus, 1758

LC EKII EK1I 11

2,6,7,12,14, 16, 18, 19, 23, 24, 27, 29, 31, 36,
38, 40, 41, 44, 45, 49, 51, 59, 60, 62, 66, 72, 73,
74,76,77,80, 81, 85,86, 87,91, 93, 94, 95, 97
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Cizelge 3. Devamu.
Table 3. Continue.
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2,3,4,5,7,12,14, 15,16, 18, 19, 21, 22, 23, 24,
. 25, 27,29, 30, 32, 38, 41, 43, 44, 45, 51, 53, 57,
Vulpes vulpes (Linnaeus, 1758) LC EK III II
59, 62, 63, 64, 65, 66, 69, 70, 71, 72, 73, 74, 75,
77,78, 85, 87,90, 92, 93, 94, 97, 98
2,7,15, 24,29, 30, 31, 36, 38, 41, 43, 44, 45, 50,
Felis silvestris Schreber, 1777 LC EKII EKII 52, 57, 59, 60, 66, 69, 73, 75, 76, 81, 85, 87, 89,
90, 95, 96, 97
29, 30, 33, 86
Lutra lutra (Linnaeus, 1758) NT EKI EK1I
2,3,4,5,7,9, 10, 15, 16, 17, 18, 19, 20, 21, 23,
24, 25, 26, 27, 30, 31, 32, 33, 35, 36, 37, 38, 39,
. 40, 41, 42, 44, 45, 46, 47, 52, 55, 56, 57, 59, 60,
Martes foina (Erxleben, 1777) LC EK I
61, 62, 63, 65, 67, 68, 70, 71, 72, 73, 75, 76, 77,
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 92,
93,94, 97
Meles meles (Linnaeus, 1758) LC EK III I 3,27,52,81, 86,97
o 1,20, 24, 35, 43, 44, 45, 57, 59, 63, 64, 68, 85, 87,
Mustela nivalis Linnaeus, 1766 LC EK III I
89, 96, 97
. 5,10, 23, 24, 29, 31, 38, 40, 44, 45, 50, 51, 59, 62,
Ursus arctos Linnaeus, 1758 LC EKII EKII
72,73,74,75,76, 80, 81, 82, 85, 87,93, 94, 97
2,7,9,10, 15, 16, 18, 21, 22, 23, 24, 29, 31, 36,
Capreolus capreolus (Linnaeus, LC EK III 38, 40, 41, 43, 44, 45, 49, 50, 51, 53, 59, 60, 62,
1758) 63, 70, 72, 73, 74, 75, 76, 79, 80, 81, 82, 84, 85,
86, 87, 89, 91, 92, 93, 94, 95, 97
Cervus elaphus Linnaeus, 1758 LC EK III EK IIT 24,29, 44, 85,94
1,2,3,4,56,7,9,10, 12, 14, 15, 16, 18, 19, 21,
22,23,24,27,29, 31, 34, 35, 36, 37, 38, 41, 43,
Sus scrofa Linnaeus,1758 LC EK III II 44, 45, 50, 51, 52, 53, 56, 59, 60, 62, 63, 65, 66,
67,70,71,72,73,74,75,76,79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 97
Rhinolophus ferrumequinum 7,60
LC EK 1T
(Schreber, 1774)
Rhinolophus hipposideros 7,29, 60, 85
LC EKII
(Bechstein, 1800)
. . 1,3,4,8,12,17,20, 21, 29, 30, 33, 35, 42, 43, 52,
Pipistrellus pipistrellus
LC EK III 55, 56, 57, 59, 63, 66, 68, 72, 82, 83, 85, 86, 89,
(Schreber, 1774)
90, 93, 97
Nyctalus noctula (Schreber, 23,43
LC EK 1T
1774)
T~
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Cizelge 3. Devamu.
Table 3. Continue.

2,3,5,6,7,8,9,10,12, 14,15, 16,17, 18, 19, 20,
21, 23, 24, 25, 26, 27, 29, 30, 33, 35, 36, 37, 39,
. . 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 52, 53,
Erinaceus concolor Martin, 1837 | LC
54, 55, 56, 57, 58, 59, 60, 61, 63, 64, 66, 67, 68,
69, 70, 71, 72, 73, 75, 76, 77, 79, 80, 81, 83, 85,
86, 87, 88, 89, 90, 93, 95, 96, 97
2,3,7,9,10,14,15,17, 18, 20, 21, 23, 25, 26, 27,
) 29, 30, 31, 32, 33, 35, 38, 39, 40, 41, 42, 43, 44,
Crocidura leucodon (Hermann, | EK III 45, 46, 50, 52, 53, 54, 55, 56, 57, 58, 59, 60, 63,
1780) 64, 65, 66, 67, 69, 70, 71, 72, 73, 74, 75, 76, 77,
81, 83, 85, 86, 87, 88, 89, 90, 91, 92, 95, 96, 97
. 2,19,23,35,38,45,51,59, 74,75, 83, 85,87, 94,
Talpa levantis Thomas, 1906 LC 08
6,10,19, 24, 29, 35,37, 38,43, 44, 50, 51, 52, 56,
Lepus europaeus Pallas, 1778 LC EK IIT 1I 59, 60, 63, 64, 66, 74, 75, 78, 79, 82, 83, 85, 87,
88, 89,90, 91, 92, 93, 94, 96, 97
Microtus mystacinus De Filippi, LC 15, 21, 27, 30, 32, 33, 39, 42, 57, 63, 64, 66, 68,
1865 69, 70, 89, 90, 93
Muscardinus avellanarius 24
LC EK III
(Linnaeus, 1758)
3,4,12,14, 15, 16, 18, 23, 24, 25, 26, 29, 30, 33,
Apodemus flavicollis (Melchior, LC 34, 36, 40, 41, 42, 43, 44, 45, 46, 51, 52, 54, 56,
1834) 57, 58, 60, 61, 64, 67, 68, 69, 70, 71, 73, 75, 77,
81, 85, 87, 88, 89, 90, 91, 92, 94, 95, 96, 97
Apodemus sylvaticus (Linnaeus, LC 2,24,72,73
1758)
3,4,8,9,10,17,18, 20, 23, 24, 27, 29, 30, 32, 33,
Mus musculus Linnaeus, 1758 LC 35,42,47,52, 55,56, 57, 59, 60, 62, 63, 64, 69,
72,75,76,79, 82, 85, 86, 89, 96, 97
3,8,17,18, 24,29, 30, 32,42, 47, 55, 57, 62, 64,
Rattus rattus (Linnaeus, 1758) LC
66, 68, 85,93, 97
Rattus norvegicus (Berkenhout, LC 3,8,17,20,27,29, 35,39, 46,47, 48, 52, 55, 57,
1769) 59, 60, 63, 68, 73,76,79, 82, 86, 89, 97
. . 3,4,10,24, 29, 30, 36, 39, 42, 43, 47, 52, 57, 58,
Sciurus anomalus Gmelin, 1778 LC EK 1T
60, 64, 66, 67, 68,71, 72,75, 86,89, 93
1,2,3,6,7,9,10, 14, 15, 16, 17, 18, 19, 22, 23,
24, 25, 26, 27, 29, 30, 31, 32, 33, 34, 37, 38, 39,
Nannospalax xanthodon DD 40, 41, 42, 43, 44, 48, 49, 50, 52, 53, 55, 56, 57,
(Nordmann, 1840) 58, 59, 60, 61, 62, 63, 65, 66, 67, 69, 70, 71, 72,
73,74,75,76,77,78,79, 80, 81, 82, 85, 86, 87,
88, 89, 90, 91, 92, 93, 95, 96, 97
——
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*IUCN: The International Union for Conservation of Nature. *CITES: The Convention on International Trade in Endangered Species of Wild Fauna and
Flora. *BERN: Conservation of European Wildlife and Natural Habitats, “MAKK: Merkez Av Komisyonu Kararlar1.LC: Least concern (Asgari endige), NT:
Near threatened (Tehdite yakin), DD: Data deficient (Veri yetersiz). **Lokaliteler: Orneklerin tespit edildigi noktalara ait verilen numaralar Amasra ilgesi
; (1) Acarlar, (2) Ahatlar, (3) Cakrazbiiz, (4) Gockiin, (5) Gockiindemirci, (6) inpiri, (7) Makaraci, (8) Merkez, (9) Topderesi, (10) Yahyayazicilar, Kurucasile
ilgesi; (11) Aydogmus, (12) Baskdy, (13) Uriinlii, (14) Dizlermezeci, (15) ilyasgegidi, (16) Kanatli, (17) Kapisuyu, (18) Karaman, (19) Kémeg, (20)
Ovatekkeonii, (21) Omerler, (22) Pasalilar, (23) Yenikoy, Merkez ilge; (24) Akbas, (25) Akgali, (26) Akmescit, (27) Ariondi, (28) Asagidere, (29) Bakioglu, (30)
Budakdiizii, (31) Celilbeyoglu, (32) Camalti, (33) Caybiikii, (34) Cestepe, (35) Copbey, (36) Derbent, (37) Dogasi, (38) Eskiemirler, (39) Eskihamidiye, (40)
Eyiipoglu, (41) Giirgenpinari, (42) Giirpinar, (43) Glizelcehisar, (44) Hanyeri, (45) Hasankads, (46) Hatipler, (47) Inkumu, (48) Kabagoz, (49) Kaman, (50)
Karacaoglu, (51) Karakoyseyhler, (52) Karasu, (53) Kayacilar, (54) Koyyeri, (55) Kutlubeydemirci, (56) Kiiglikkizilkum, (57) Merkez, (58) Okgular, (59)
Ozbas, (60) Sipahiler, (61) Siremirgavus, (62) Ségiitlii, (63) Siilek, (64) Siitliice, (65) Sahin, (66) Sarkdy, (67) Tabandzii, (68) Topluca, (69) Tuzcular, (70)
Ugurlar, (71) Yesilkaya, Ulus ilgesi; (72) Abdipasa, (73) Agakdy, (73) Asagicamli (74) Anag, (75) Asagidere, (76) Bahgecik, (77) Bugurlar, (78) Ceyiipler, (79)
Cerde, (80) Cubuklu, (81) Dere (82) Dereli, (83) Dibektas, (84) Elmacik, (85) Giiney6ren, (86) Hisarkdy, (87) Hocakdy, (88) Kadikdy, (89) Kegideresi, (90)
Kizillar, (91) Sirinler, (92) Ulukdy, (93) Ulukaya, (94) Ugsaray, (95) Yenikdy, (96) Yilanlar, (97) Yukaridere, 98) Zafer.

Bern Sozlesmesi'ne gore, Bartin ilinde bulunan Memeli tiirlerinden 8 adet tiir Ek-2 ve 10 adet tiir Ek-3 ‘de
bulunmaktadir. [IUCN Red List Kategorileri Listesi'ne gore, 27 tiir “LC” (Least Concern/Asgari endise), 1 tiir
“NT” (Near Threatened/Tehdite yakin) ve 1 tiir de “DD” (Data deficient/ Yetersiz bilgi) kategorisinde yer
almaktadir. Bartin ilinde yayilis gosteren Memeli tiirleri arasinda 1 adet tiir CITES Ek-1, 3 adet tiir Ek-2
listesinde, 3 adet tiir de Ek-3I listesinde yer almaktadr.

ISR SR b etals 22 << o0
Sekil 3. Fotokapanlar ile kaydedilen Memelilere ait goriintiiler (Soldan saga: a) Ursus arctos, b) Sus scrofa, c) Cervus
elaphus, d) Capreolus capreolus, e) Meles meles, f) Canis lupus, ) Vulpes vulpes, h) Canis aureus, i) Felis silvestris, j) Mustela
nivalis, k) Martes foina).

Figure 3. Images of Mammalian species recorded by camera traps (From left to right: a) Ursus arctos, b) Sus scrofa, ¢) Cervus
elaphus, d) Capreolus capreolus, e) Meles meles, f) Canis lupus, g§) Vulpes vulpes, h) Canis aureus, i) Felis silvestris, j) Mustela

nivalis, k) Martes foina).
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Sekil 4. Dogrudan fotografi kaydedilen baz tiirler (Soldan saga: a) Canis aureus, b) Erinaceus concolor, c) Crocidura
leucodon, d) Talpa levantis, ) Glis glis, f) Mus musculus, g) Rattus norvegicus, h) Sciurus anomalus, i) Rattus rattus, j) Apodemus
flavicollis, k, 1) Lutra lutra digkis1 ve ayak izi, m) Rhinolophus hipposideros, n) Rhinolophus ferrumequinumnt).

Figure 4. Directly photographed some species (From left to right: a) Canis aureus, b) Erinaceus concolor, c) Crocidura leucodon, d)
Talpa levantis, e) Glis glis, f) Mus musculus, g) Rattus norvegicus, h) Sciurus anomalus, i) Rattus rattus, j) Apodemus flavicollis,
k, 1) Lutra lutra feces and footprint, m) Rhinolophus hipposideros, n) Rhinolophus ferrumequinum).
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Sekil 5. Peletlerden tespit edilen tiir (Soldan aga: Microtus mystacinus, Crocidura leucodon).
Figure 5. Species determined from pellets ((From left to right: Microtus mystacinus, Crocidura leucodon,).
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Sekil 6. Yarasa dedektorlerinden elde edilen ultrasonik seslerin bilgisayar yazilimlar: ile degerlendirilmesi sonucu
belirlenen tiirler (Ustte: Nyctalus noctula, altta: Pipistrellus pipistrellus).
Figure 6. Species determined as a result of the evaluation of ultrasonic sounds obtained from bat detectors with computer software

(above: Nyctalus noctula, belove: Pipistrellus pipistrellus).

Kefelioglu (1995) Bartin ilinde Rodentia takimina ait Microtus mystacinus'un sinonimi olan Microtus
epiroticus’un yayildigim belirtmistir. Bu calismada da Microtus mystacinus tespit edilmistir. KryStufek ve
Vohralik (2005), Bartin ilinin bulundugu bolgeden Sciurus anomalus, Glis glis, Muscardinus avellanarius,
Dromys nitedula, Clethrionomys glareolus, Arvicola terrestris, Microtus subterraneus, Microtus rossiaemeridionalis,
Microtus guentheri ve Chionomys nivalis’in yayilis1 hakkinda kayitlar vermistir. Yigit vd. (2006) Karadeniz
bolgesinde Sciurus anomalus, Arvicola terrestris, Clethrionomys glareolus, Microtus subterraneus, Microtus
rossiaemeridionalis, Cricetulus migratorius, Apodemus uralensis, A. flavicollis, A. mystacinus, Mus domesticus, M.
macedonicus, Rattus rattus, R. norvegicus, Nannospalax nehringi, Dromys nitedula, Muscardinus avellanarius,
Myomimus roachi, Glis glis ve Hystrix indica tiirlerinin yayilis gosterdigini ifade etmislerdir.

Eken vd. (2006) Onemli Doga Alanlari (ODA) listesinde bulunan Bartin (OBK013) ODA’larinin
bulundugunu kaydetmis fakat s6z konusu alanda memeli hayvanlarin tiir listesi ve yayilis alanlar1 tam
olarak kaydedilmemistir. Lutra lutra ve Lynx lynx’in Kiire Daglari’'nda bulunduklar1 kaydedilmisgtir. Ertiirk
(2010) Bartin ili ve ¢evresinde Canis lupus icin CBS tabanli habitat uygunlugu ve tiir igin yayilis modellemesi
yaptig1 calismasinda tiir i¢in uygun alanlari degerlendirmistir. Soyumert (2010) Bartin, Karabiik ve
Kastamonu illerinde tespit etigi memeli tiirlerini dagilim, topografik etmenlerle etkilesim, goreceli bolluk,
giinici ve yillik aktivite desenleri bakimindan degerlendirmistir. Bu kapsamda bolgede Canis aureus, Canis
lupus, Capreolus capreolus, Cervus elaphus, Felis silvestris, Lepus europaeus, Meles meles, Sus scrofa, Ursus arctos,
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Vulpes vulpes, Erinaceus concolor, Mustela sp., Martes sp., Sciurus anomalus, Clethrionomys sp. ve Apodemus sp.
tiirlerinin kaydini vermistir.

Ozkazang (2012) Sékii Yaban Hayati Gelistirme Sahasinda yaptig1 envanter ve izleme calismalari sonucunda
Lagomorpha takimina ait Lepus europaeus, Carnivora takimina ait Vulpes vulpes, Martes foina, Canis lupus,
Ursus arctos, Artiodactyla takimina ait Sus scrofa, Capreolus capreolus, Cervus elaphus'un arastirma alaninda
yayilis gosterdigini kaydetmistir. Ambarli vd., 2016 Bartin ilinin bulundugu bélgede Canis lupus, C. aureus
ve Vulpes vulpes 'in yayilis gosterdigini kaydetmistir. Celebi vd. (2015) Bat1 Karadeniz bolgesinde yaptiklari
calismada Bartin ilinden Apodemus flavicollis, A. mystacinus, A. uralensis, A. witherbyi, Myodes glareolus,
Crocidura suaveolens’in kaydini vermistir. Kefelioglu ve Selguk (2016) Karabiik ve Zonguldak gibi Bartin’a
yakin alanlarda Neomys teres’in yayilis gosterdigini kaydetmistir. Bu ¢alismada Neomys cinsine ait tiirler
tespit edilememistir.

SONUC
Bartin ilinde yapilan gozlemler sonucunda 6 Memeli takimina ait 30 tiir tespit edilmistir. [IUCN’e gore bu

tiirlerden Lutra lutra NT kategorisinde, Nannospalax xanthodon DD Kkategorisinde, kalan 28 tiir ise LC
kategorisinde yer almaktadir. Korunma onlemlerinin alinmasinda tiirlerin yayilis alanlarinin bilinmesi
oncelikli bir ihtiyactir. Ayni zamanda yaban hayvanlarinin habitatlarini tehdit eden faktorlerin tespiti de
onemlidir. Bu kapsamda tiirlerin {izerinde baski olusturan etkilerin baglicalari, derelerde yer yer bulunan
evsel atiklar ve magaralara kagak girisler sonucu yarasalarda meydana gelen stres gelmektedir. Ozellikle
biiyiik memelilerdeki kagak avcilik baskisi ve sokak kopeklerinin yaban hayati igerisinde bulunmalar1 yavru
geyik, karaca ve tavsanlar tizerinde tehdit olarak goriilmektedir (Sekil 4). Bu ¢calismada Hyasgegidi, Kozcagiz
deresi ve Terzioglu Mahallesi'nden tespit edilen Lutra lutra (Su samuru) Bartin igin yeni kayit ozelligi

tasimakta olup Su samurunun Bartin ilindeki yayilis alanlarinin belirlenmesine katkida bulunmaktadir.

Sekil 7. Soldan saga: Kagak avcilik a) Domuz yakalamak icin kullanilan tel kapan, b) kacak olarak vurulmus bir domuz
ve c) basibos kopeklerin yaban hayati alanlarinda bulunmast).

Figure 7. From left to right: Poaching a) Wire trap used to catch wild boar, b) an illegally shoot wild boar, c) a stray dog in wildlife
area).

CIKAR CATISMASI
Yazarm herhangi bir ¢ikar catismasi bulunmamaktadir.

YAZAR KATKISI
Calismanin planlanmasi, arazi ¢alismalarinin yapilmasi, tiir teshislerinin yapilmasi, sonuglarin makale
haline getirilmesi yazar tarafindan yapilmistir.

TESEKKUR

Bu calisma, Tarim ve Orman Bakanligi Doga Koruma ve Milli Parklar Miidiirliigii tarafindan yiiriitiilen
“Ulusal Biyolojik Cesitlilik Envanteri ve Izleme Projesi (UBENISY kapsaminda gergeklestirilmistir. Doga
Koruma ve Milli Parklar Bartin il Sube miidiirii Saym Ilksen Atesoglu ve calisma arkadaglarina arazi
calismalar1 esnasinda ve sonraki siirecgte verdikleri destekten dolay1 tesekkiir ederim.
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Determination and Evaluation of Noise Pollution in Layer Hen House: A Bursa Case Study
Yumurta Tavugu Kiimesinde Giiriiltii Kirlilik Diizeyinin Belirlenmesi ve Degerlendirilmesi: Bursa Ornegi

Biisra Yayli' ),  flker Kilig2
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Abstract: Both animals and employees need to improve the indoor conditions in livestock barns and keep them at an optimum level. With the
development of automation systems for increased productivity and mechanisation, more systematic production occurs within the poultry houses and
the need for a workforce is reduced. However, the increase in industrialisation and herd size can cause noise pollution problems in the poultry house.
In this study, noise levels were measured and statistically evaluated in a laying hen farm operating in a battery-type cage in the Bursa region. It is aimed
to be assessed according to environmental pollution and animal welfare. It was measured in the corridors between the rows of cages and on the cage
floors with the studied facility's noise meter (EXTECH SDL600). The obtained noise data were determined by the SPSS statistical program, the variance
analysis of the differences between the corridors and the relationship between the layer hen house environmental factors (temperature, humidity and
wind speed) and the regression analysis. According to the results measured throughout the year in the investigated enterprise, the maximum noise
intensity was measured as 80.6 dB, and the minimum noise intensity was measured as 76.3 dB. The differences between the noise values measured in
the aisles and floors of the cage rows are statistically significant.

Keywords: animal welfare, laying hen, noise

&

Oz: Hayvan barinaklarinda i¢ ortam kosullarinin iyilestirilmesi ve optimum diizeyde tutulabilmesi hem hayvanlar agisindan hem de ¢alisanlar igin
oldukca 6nemlidir. Verim artisina yonelik otomasyon sistemlerinin gelismesi ve makinelesmenin artmasiyla kiimesler igerisinde daha sistematik tiretim
gerceklesmekte ve insan giiciine ihtiya¢ azalmaktadir. Fakat makinelesmenin ve siirli bityiikliigiiniin genislemesi kiimes igerisinde giiriiltii kirliligi
problemine neden olabilmektedir. Bu ¢calismada, Bursa bolgesinde faaliyet gdsteren batarya tipi kafeste yetistiricilik yapilan yumurta tavugu kiimesinde
giiriiltii diizeyleri 6lgiilmiis ve istatistiksel olarak degerlendirilmistir. Cevre kirliligi ve hayvan refahina gore degerlendirilmesi amaglanmustir. incelenen
isletmede giirtiltii dlger (EXTECH SDL600) ile kafes siralari arasindaki koridorlarda ve kafes katlarinda 6lctilmustiir. Elde edilen giiriiltii verileri SPSS
istatistik programiyla koridorlar arasindaki farkliliklar varyans analizi ve kiimes icerisindeki cevresel faktorler (sicaklik, nem ve riizgar hizi) ile
arasindaki iliski regresyon analiziyle belirlenmistir. Incelenen isletmede yil boyunca dlgiilen sonuglara gére maksimum giiriiltii siddeti 80.6 dB,
minimum giirtiltii siddeti 76.3 dB olarak olgiilmiistiir. Kafes siralar1 koridorlarinda ve katlarinda olgiilen giiriiltii degerleri arasindaki farkliliklar
istatistiksel agidan 6nemlidir.

Anahtar Kelimeler: hayvan refahi, yumurta tavugu, giiriiltii
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Determination and Evaluation of Noise Pollution in Layer Hen House: A Bursa Case Study

INTRODUCTION

Today, with the increase in food demand due to population growth, poultry production has become an
even more important sector with its favourable aspects. Technological and automation systems have
developed rapidly to increase productivity in the poultry sector. Modern enterprises have become
widespread as Turkey quickly adapts to technological developments, automation and integrated systems
in poultry farming. Appropriate living conditions should be provided for the animals to perform their vital
activities in the poultry house (Durgun, 2021). Especially in livestock barns with intensive production,
improvement of indoor conditions plays an important role for both animals and workers. Developments
such as increased mechanization in livestock barns and the growth of herds trigger noise pollution.

In livestock barns, the ventilation system, feeding systems, the operation of the manure belts, the sounds
made by the animals (biological noise), and the loud talking of the employees during work are among the
noise sources. High noise levels may occur in mechanically ventilated farms. Providing the necessary
ventilation to continuously maintain the air quality in the house environment constantly causes
background noise (O’connor et al., 2011). No matter how short the noise periods are, the emergence of
intense noise is an essential factor that stresses animals and also affects workers (Venglovsky et al., 2007;
Onasanya et al., 2020). Noise; is defined as unwanted, disturbing and loud sounds (Broucdek, 2014; EPA,
2021). When defining a sound as noise, the exposure of the receiver is important, whether it is listening or
whether it causes unpleasant feelings in the receiver. At the same time, besides the duration, frequency,
intensity and loudness of the sound, animal species, breeds, age, and physiological conditions of animals
are also effective (Broucek, 2014).

As a result of exposure to noise in poultry causes psychological effects such as escaping from the herd and
fighting with each other while increasing the cortisone level, causing behavioural disorders and fear in the
animals (Girgin and Kilig, 2020; Cockrem, 2007). When poultry is exposed to noise potentially causing fear,
they may perch flat on the ground or show different behaviours such as slumping into a corner (Chloupek
et al., 2009). The limit of the noise level in the poultry houses is not included in the regulation, however,
three noise exposure limit values are specified in the Regulation on the Protection of Employees from Risks
Related to Noise: The lowest exposure value is 80 dB(A), the highest exposure value is 85 dB(A), exposure
limit value is 87 dB(A) (A-weighted daily noise exposure levels). In addition, with the Environmental Noise
Evaluation and Management Regulation issued in 2010, it is aimed to determine the noise level and to
reduce its effects on the environment. Noise causes temporary or permanent health problems by being
exposed to noise levels above 75 dB(A), especially for people living in cities. In addition to hearing loss, it
also causes both physical and psychological effects such as nervous and circulatory system disorders,
hormonal imbalance, restlessness, concentration disorder, and fatigue (Kilig et al., 2021).

This study aims to determine the noise level in a battery-cage layer hen farm in the Bursa region and to
reveal the relationship between environmental conditions and noise in the henhouse.

MATERIAL AND METHOD
In the study, noise levels were measured periodically in the hen house for a year in a laying hen farm
operating in the Bursa region.

A hand-held EXTECH SDL600 (Sound Level Meter) digital sound meter was used for noise measurement.
The unit of decibel (dB) is used to measure the noise intensity (Figure 1). Studies on measuring noise
pollution in livestock barns are very limited. There are hardly any studies on the poultry house, so there is
no specific method for examining and determining noise pollution.

There were 3300 chickens in the hen at the beginning of the measurements, but there were 2900 chickens
left at the end of the research, as there were dead chickens throughout the production process. There are
three rows of cages in the examined henhouse, and each row of cages has 3 floors. Noise measurements
were taken from each floor, and noise measurements were made from 12 different points. The
measurements were measured from the same points in the cage rows, and the measurement conditions
were preserved. At the measurement points in the 1st and 4t corridors, the noise measurement device was
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measured directly adjacent to the cage, while the measurement was made from the middle of the two rows

in the 2~ and 3 corridors (Figure 2).

!

&

Figure 1. EXTECH SDL600 (Sound Level Meter) noise meter.
Sekil 1. EXTECH SDL600 (Ses Seviyesi Olcer) giiriiltii lger.
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o R 4 4

E ® 2 ®

1. Corridor

Cooling pad
Air intake via windows

® : Large diameter air exhaust fan (X) : Small diameter air exhaust fan x : Noise level measurement points

Figure 2. Perspective and noise measurement points in the henhouse.

Sekil 2. Kiimesin perspektif goriintimii ve giiriiltii 6lciim noktalar:.
During the measurement periods, climatic data such as indoor temperature, humidity and air velocity in the poultry

house were also recorded. In the study, the relationship between the noise levels measured using the SPSS statistical
program and the climatic data was revealed by regression analysis.

SN
Uluslararasi: Tarim ve Yaban Hayat: Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

544



Determination and Evaluation of Noise Pollution in Layer Hen House: A Bursa Case Study

RESULTS AND DISCUSSION

Noise Pollution Level

At the end of the henhouse, there are two large air exhaust fans with a diameter of 200 cm in this study
monitored. Large fans provide air flow with a flow rate of approximately 18.000 m?3. It operates at 630
periods per minute with a sound of 67 dB(A). It has been monitored that in summer seasons, especially in
the middle of the day, only one fan works at medium speed, but both do not work in cold seasons. It is
operated only during the very hot seasons.

There are three small air exhaust fans with a diameter of 26 cm at the air outlet openings of the henhouse.
The fans operate with a flow rate of approximately 1200 m3/hour, making 1400 periods per minute, with a
sound level of 70-73 dB(A). Fan-1 is working continuously throughout with year. Fan-2 usually worked in
hot seasons with Fan-1. Fan-3 has not been observed to work throughout the year.

The outside noise level was also measured in the area where the poultry house is located. While the fan
pads are operating in summer, 61 dB is measured at the air inlet opening, while the noise level measured
at the air outlet opening is 60.2 dB. Hasan and Jamal (2021), stated that there is a consensus that exposure
to noise levels lower than 70 dB(A) does not cause hearing problems regardless of exposure time. O'Connor
et al. (2011) stated in their study that they showed lower egg laying efficiency compared to chickens
exposed to 80 dB(A) noise and 60 dB(A) noise. The fan pads did generally not operate in conditions where
it was not very hot. In this case, the noise intensity could not be measured because the outside noise level
was below the minimum level to be measured by the device (60 dB).

Noise values were measured between February 2021 and January 2022. The feed distribution machines and
egg belts are generally operated in the henhouse in the morning hours. The noise level was measured
relatively higher during their operation. In Table 1, the noise values obtained from the measurement points
in the corridors are given for months.

Table 1. Noise levels (dB) in the house according to the rows of cages.
Cizelge 1. Kafes katlarina gore kiimesteki giiriiltii seviyeleri (dB).

Corridor Head Corridor Middle Corridor End

1.Tier 68.7 70.5 71.3

Daily 2. Tier 68.5 70.1 70.8
3. Tier 68.6 70.0 704

1. Tier 68.5 70.3 71.1

Montly 2. Tier 68.3 69.9 70.6
3. Tier 68.4 69.9 70.2

1. Tier 68.4 70.3 71.2

Seasonal 2. Tier 68.3 69.8 70.7
3. Tier 68.4 69.8 70.3

The first measurement point (at the beginning) of the cage rows near the entrance, the measurement point
at the mid-point (middle) of the cage rows, and the measurement point at the end of the cage rows (at the
end) were measured at a total of 12 points in the house (Table 2). While the noise level was measured from
the measurement points close to the outlet fans, the noises of the fans while they were running had a
relative impact on the noise level.

——
Uluslararas: Tarim ve Yaban Hayat: Bilimleri https://dergipark.org.tr/tr/pub/ijaws

545


https://dergipark.org.tr/tr/pub/ijaws

Biigra YAYLI, flker KILIG

Table 2. Noise levels (dB) in house cage rows by the corridors.
Cizelge 2. Koridorlara gore kiimes kafesi siralarindaki giiriiltii seviyeleri (dB).

Corridor Head Corridor Middle Corridor End
1. Corridor 67.9 68.9 70.4
2. Corridor 68.5 69.9 71.0
Daily
3. Corridor 69.2 70.6 71.1
4. Corridor 68.9 714 70.8
1. Corridor 67.7 68.7 70.3
2. Corridor 68.2 69.7 70.7
Montly
3. Corridor 69.0 70.3 70.8
4. Corridor 68.6 71.2 70.4
1. Corridor 67.6 68.6 70.3
2. Corridor 68.2 69.6 70.8
Seasonal 3. Corridor 69.0 70.1 70.8
4. Corridor 68.7 70.7 70.7

Statistical Evaluation of Noise Data

The statistical significance of the differences between the noise values measured during the study was
determined by analysis of variance. The significance of the differences between the season, month, corridor,
floors and location was determined by one-way and multi-way analysis of the variance of the measured
values. Statistical analyzes were performed using SPSS 23 computer software. The results of the analysis of
variance are given in Table 3. According to Table 3, the difference between the points where noise
measurements were made is statistically significant (P<0.05). Especially the measurements made at the
beginning of the corridor near the entrance of the poultry house were lower. The differences between the
noise values measured between the cage tiers in the examined house were found to be statistically
significant (P<0.05). The highest value among the floors was obtained on the 1+ floor, while the lowest was
obtained on the 3 floor. Since the density of animals on the third floor is less than on the first floor, the
lowest values were obtained here. The differences between the months and seasons measured in the study
were statistically significant (P<0.05).

Table 3. Variance analysis of noise measurements.
Cizelge 3. Giiriiltii 6lciimlerinin varyans analizi.

95% Confidence Interval for

. . M ini
Factor Degree Mean S,td . Std <n Minimu Maximum
Deviation  Error Upper m
Lower Bound
Bound
Head 68.61¢ 2.76 0.12 68.39 68.84 60.40 80.10
Middle 70.19° 2.51 0.11 69.98 70.40 62.20 79.30
Location
End 70.842 2.47 0.10 70.64 71.05 60.60 80.60
Avg 69.88 2.74 0.07 69.75 70.01 60.40 80.60
1.00 70.15 2.75 0.12 69.93 70.38 60.40 79.60
i 2.00 69.8120 2.73 0.11 69.58 70.03 61.30 80.10
ier
3.00 69.68% 2.74 0.12 69.46 69.91 61.50 80.60
Avg 69.88 2.74 0.07 69.75 70.01 60.40 80.60
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Table 3. Continue.
Cizelge 3. Devama.

95% Confidence Interval for

Factor Degree Mean Dexsz;eiion Esr trc(l)'r Mean MirI:mu Maximum
Lower Bound Upper Bound
1.00 69.10¢ 3.16 0.15 68.80 69.40 60.40 80.60
2.00 69.78° 2.58 0.13 69.54 70.03 60.60 77.30
Corridor 3.00 70.26° 2.48 0.12 70.03 70.50 61.60 79.10
4.00 70.382 2.52 0.12 70.14 70.62 63.40 79.30
Avg 69.88 2.74 0.07 69.75 70.01 60.40 80.60
December  69.77¢ 2.71 0.20 69.37 70.17 64.10 79.30
January 69.75¢ 2.62 0.20 69.37 70.14 61.30 77.70
February 69.02¢ 2.15 0.18 68.67 69.38 61.60 74.10
March 69.10¢ 2.68 0.26 68.59 69.61 62.20 74.50
April 68.75¢ 2.87 0.28 68.21 69.30 61.30 75.60
May 70.07° 2.74 0.26 69.55 70.59 65.00 80.60
Month June 70.51° 2.13 0.18 70.16 70.86 63.50 78.30
July 70.63> 2.47 0.18 70.26 70.99 63.80 77.60
August 70.41° 3.03 0.29 69.83 70.99 60.40 76.10
September  69.50¢ 2.33 0.19 69.11 69.88 64.70 75.30
October 71.792 2.72 0.20 71.39 72.19 63.90 80.10
November  67.87¢ 2.41 0.23 67.41 68.33 61.30 74.10
Avg 69.88 2.74 0.07 69.75 70.01 60.40 80.60
Winter 70.112 3.05 0.14 69.83 70.38 61.30 80.10
Spring 69.35P 2.51 0.12 69.11 69.58 61.30 77.70
Season Summer 69.85° 2.65 0.14 69.58 70.13 61.30 80.60
Autumn 70.207 2.62 0.13 69.95 70.44 60.40 77.60
Avg 69.88 2.74 0.07 69.75 70.01 60.40 80.60

*Farkli harfler ile gosterilen ortalamalar arasindaki farklar istatistiksel olarak P<0.05 seviyesinde 6nemlidir.

Relationship between Noise Level and Indoor Climatic Conditions
In the study, multivariate regression analysis was performed with the help of the SPSS statistical program
to determine whether the climatic conditions in the poultry house affect noise pollution.

Multiple regression analysis was carried out to determine the effect of climatic conditions in the hen house
on the noise values in the measured houses. In this analysis, parameters such as temperature, relative
humidity, and air velocity measured in the same period as noise were taken as climatic factors. According
to the analysis results, R? values showing the relationship between temperature, relative humidity and air
velocity were obtained as 0.20, 0.30, 0.40, respectively. Therefore, it can be said that there is no significant
relationship between noise and climatic environmental conditions.

When the noise level measured in the hen house is examined on a seasonal basis, it has been observed that
animals and workers are exposed to more noise in summer and hot seasons (Figure 3-4). This is because
the large fans at the end of the henhouse and the air outlet fans work continuously during the day. In
addition, in hot seasons, mobility increases in heat-affected animals. This situation also increases the noise
level caused by laying hen. The relative humidity in the house showed a linear relationship depending on

the temperature, and values between 60% and 55% were obtained.
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Figure 3. Average noise intensity and climatic conditions based on seasons.
Sekil 3. Mevsimlere gore ortalama giiriiltii yogunlugu ve iklim kosullar:.

80.0

70.0

60.0

50.0

40.0

30.0

20.0

10.0

0.0

679 95 098 687 691 688 70.1 70.5 70.6 704 695 70.2
61.1 61.7 60.4
60.8 585 991 576 58.1
55.1 55.6  55.6 55.0
275 s .
22.2 23.8 ’ 21.1 19.9 192
004 002 003 003 003 005 004 007 009 o004 002 002
) ) o D ) <& 3N S & & & &
S TR A N D SN AP
SRS L &£
oF < <

=& Noise (dB) =t Temperature ("C) == Humidity (%) =t Air velocity (m2 s-1)

Figure 4. Average noise intensity and climatic data according to months.
Sekil 4. Aylara gore ortalama giiriiltii siddeti ve iklim verileri.

Relationship between Noise Level and Egg productivity

During the study period, it was observed that the noise level was higher due to the operation of the fans
and fan pads in hot periods (Table 4). In the study, there was a decrease in egg production in the periods
when the noise level was higher (Figure 5a). There is also a decrease in the number of hens (Figure 5b).
Broucek (2014) stated in his study that egg production decreases in poultry that are usually exposed to
sudden or intense noise. It is seen that noise affects efficiency. However, it is not a correct approach to

—
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associate egg productivity only with noise. It can be said that the passing of the production periods in
which chickens are productive and other environmental conditions such as temperature are also effective
in decreasing productivity.

Table 4. Noise-egg-hen values during the study period.
Cizelge 4. Calisma siiresi boyunca giiriiltii-yumurta-tavuk sayis: degerleri.

Noise Level (dB) Egg (viol) Hen (number)
January 69.8 3346 3300
February 69.0 3344 3300
March 69.1 3349 3300
April 68.8 3339 4053
May 70.1 3358 4015
June 70.5 3320 3980
July 70.6 3224 3980
August 70.4 3152 3925
September 69.5 2812 3763
October 71.8 2471 3600
November 67.9 2266 3500
December 69.8 1581 3400

—
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Figure 5. Noise-egg number variation (a), Noise-hen number variation (b).
Sekil 5. Giiriiltii-Yumurta sayis: deisimi (a), Giiriiltii-tavuk sayis: degisimi (b).

CONCLUSION

This study constitutes a method and a resource for future studies in terms of revealing noise pollution in

the poultry house

and focusing on the affecting factors. No regulation or article sets out a certain level or

minimum level of noise intensity for poultry houses. Only in the regulation named "Regulation on

Minimum Standards for the Protection of Laying Hens" it is stated that ventilation fans, feeding machines,

manure belt operation and other equipment in the poultry house should be constructed, operated and

maintained in such a way as to work with minimum noise. In addition, keeping the climatic conditions at

an ideal level in the henhouse will ensure animal comfort and welfare, and animals that are not stressed

—
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will be calmer, so the effect to noise pollution will be reduced. More research is needed to explore noise-
related factors and their effects within modern commercial poultry farms.
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