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Ali¢ anacinin Hafif Cukurgobek yenidiinya cesidinde vejetatif biiyiime, ¢ciceklenme ve meyve

tutumu iizerine etkilerinin 6n sonuclar1*
Preliminary results of effects of hawthorn rootstock on vegetative growth, flowering and fruit set in

loquat cv. ‘Hafif Cukurgobek’

Atila Aytekin Polat!
Gelis Tarihi (Received): 13.12.2022 Kabul Tarihi (Accepted): 25.05.2023 Yayin Tarihi (Published): 21.08.2023

Oz: Calismanin amaci, ali¢ anacinin Hafif Cukurgobek (HCG) yenidiinya gesidinin vejetatif biiyiimesi, fenolojik &zellikleri, ¢igeklenme ve meyve
tutum oranlar1 {izerine etkisini aragtirmaktir. Calismada, yenidiinya ¢ogiir anaci da kontrol olarak kullanilmistir. Anag/cesit kombinasyonlarinin,
vejetatif biiyiimesi (anag ve govde gapi, yillik siirgiin uzunlugu) ciceklenme dénemleri (cigeklenme baslangici, ilk giceklenme, tam gigeklenme,
cgigeklenme sonu ve meyve tutumu tarihleri) ile gicek salkim 6zellikleri (salkim uzunlugu, salkimdaki somak, ¢igek tomurcugu ve agan cicek sayilar:
ile salkimdaki tutan ve derimi yapilan meyve sayilar1) incelenmistir. Ayrica, anaglara gore ciceklenme ve meyve tutum oranlar1 belirlenmistir. Tiim
cigeklenme donemleri, ali¢ anaci iizerindeki bitkilerde, yenidiinya ¢dgiir anacindan daha erken meydana gelmistir. Ali¢ anacina agili olan bitkiler,
yenidiinya anacina asili olanlara gore meyve deriminde iki giin erkencilik saglamistir. Gerek salkim uzunlugu gerek salkimin 6teki 6zellikleri
bakimindan anaci yenidiinya ¢ogiirii olan bitkiler, ali¢ anacina asili bitkilere gore daha yiiksek degerler verirken, kiigiik meyve ve derimi yapilan
meyve sayisi bakimindan ali¢ anacina agili bitkiler, daha iyi sonuglar vermistir. Anac alig olan bitkilerin gigeklenme orani (%93.52) anaci yenidiinya
¢ogiirii (%89.00) olanlara gore daha yiiksek olmustur. Salkimdaki ilk meyve, kiigiik meyve ve derimi yapilan meyve oranlar1 bakimindan da anaci alig
olan bitkilerden (sirasiyla %11.16, %7.91 ve %6.29) daha yiiksek degerler elde edilmistir. Yillik siirgiin uzunlugu, kalem ve anag ¢ap1 bakimindan
yenidiinya ¢ogiir anaci, alig anacina gore onemli diizeyde daha yiiksek degerler vermistir. Incelenen oteki biitiin parametreler bakimindan da
yenidiinya ¢6giir anacinin daha kuvvetli vejetatif biiytime gosterdigi belirlenmistir. Elde edilen bu ilk verilere gére ali¢ anaci, yenidiinya ¢ogiir anacina
gore tizerine agili kalemde yaklasik %60 bodurluk saglamaktadir.

Anahtar Kelimeler: Bodur anag, Eriobotrya japonica Lindl., Cigeklenme, Alig

&

Abstract: The aim of this study was to investigate the effects of hawthorn rootstock on vegetative growth, phenological characteristics, flowering and
fruit set rates of “Hafif Cukurgobek (HCG)' loquat cultivar. In the study, loquat seedling rootstock was also used as a control. Phenological observations
such as the flowering periods (beginning of flowering, first flowering, full bloom, end of flowering, and fruit set dates), the inflorescence characteristics
(cluster length, number of peduncle/cluster, number of flower buds/cluster, number of flowers/cluster, number of fruit set/cluster, number of
harvesting fruits/cluster), and vegetative growth parameters (annual shoot length, trunk diameter of stock and scion) of the cultivar/rootstock
combinations were investigated. In addition, percent blossom ratios, % initial fruit set, and % final fruit set were determined according to the rootstocks
during the experimental period. All flowering periods occurred earlier in plants on hawthorn rootstock than loquat seedling rootstock. Plants grafted
on hawthorn rootstock provided two days of earliness in fruit harvest date compared to those grafted on loquat rootstock. While the plants with loquat
seedling rootstock gave higher values than the plants grafted on hawthorn rootstock in terms of both cluster length and other characteristics of the
cluster, plants grafted on hawthorn rootstock gave better results in terms of small fruit and the final fruit set. The flowering rate of plants with hawthorn
rootstock (93.52%) was higher than those with loquat seedling rootstock (89.00%). In terms of the inital fruit, small fruit and final fruit set ratios in the
cluster, higher values were obtained than the hawthorn rootstock (11.16%, 7.91% and 6.29%, respectively). Loquat seedling rootstock gave significantly
higher values than hawthorn rootstock in terms of annual shoot length, scion and rootstock diameter. In terms of all the other parameters examined,
it was determined that the loquat seedling rootstock showed stronger vegetative growth. According to these first data obtained, hawthorn rootstock
provides approximately 60% dwarfing in grafted scion compared to loquat seedling rootstock.

Keywords: Dwarf rootstock, Eriobotrya japonica Lindl., Flowering, Hawthorn

Auf/Cite as: Polat, A.A. (2023). Ali¢ anacinin Hafif Cukurgobek yenidiinya gesidinde vejetatif biiylime, ¢iceklenme ve meyve tutumu {izerine
etkilerinin 6n sonuglari. Uluslararasi Tarim ve Yaban Hayat1 Bilimleri Dergisi, 9 (2), 111-121. doi: 10.24180/ijaws.1218663
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GIRIS

Modern meyve yetistiriciliginde kullanilan anaglar, tizerlerine asilanan gesitlerin vejetatif biiyiimesi ve
generatif gelismesi ile cicek tomurcugu olusumu, meyve tutumu, verim ve meyve kalitesini farklh
sekillerde etkilemektedir. Meyvecilikte bodur ve yar1 bodur anag kullanimiyla daha kiigiik hacimli agaclar
elde edilmekte; bu anaglar ile kurulacak bahgelerde daha sik dikim yapilarak, birim alandaki aga¢ sayisinda
¢oglir anaglara gore 15-20 kata ulasan artislar saglanmaktadir. Ayrica, bodur anaglar ile kurulan
bahgelerde, budama, hastalik ve zararllarla miicadele, hasat gibi kiiltiirel islemler daha kolay ve basarili
yapilabildigi gibi, bu gibi islemler i¢in gereken iscilik ve maliyet de azalmaktadir. Bu sayede de birim alana
yapilan masraf azalirken, ayni alandan elde edilen {iriin ve gelir artis gostermektedir. Bu nedenle, yirminci
ytizyilin ikinci yarisindan itibaren meyve yetistiriciliginde kullanilan bodur anaglar sayesinde agaglar aras:
dikim mesafeleri azalmis, birim alana diisen iiriin miktar1 ve elde edilen gelirde 6nemli artislar meydana
gelmistir (Rom ve Carlson,1987; Oz vd., 1995; Gergekcioglu vd., 2009; Bolat ve ikindi, 2019).

Ulkemiz yenidiinya yetigtiriciliginde, hali hazirda anag¢ olarak sadece yenidiinya c¢ogiir anact
kullanilmaktadir. Oysa, yenidiinyalar ¢ogiir anag {izerine asilandiginda 5-10 m boyunda diizgiin gévdeli,
stk gortiniimlii, yayvanla yuvarlak arasinda taglanan, birim alana dikilebilecek agac sayisini siirlayan ve
merdivenle meyve hasadini zorunlu kilan biiyiik tagh agaclar olusturmaktadir (Polat, 2018). Ayrica biiyiik
agaclarin ¢ogu genclik kisirhig1 gostermekte ve meyve verimine ge¢ baslamaktadir (Janick, 2011). Bu
nedenle, yenidiinyada biiyiime kuvvetinin azaltilmasi biiyiik Snem tasimaktadir. Bitki biiyiime kuvvetinin
kontrol edilebilmesi i¢in de zayif ya da bodur anaglardan yararlanilmas: gerekmektedir.

Ulkemizde son yillarda yogun yetistiricilik ile ilgili farkindaligin artmasiyla yenidiinyalarda bodur anag
tizerine asili fidanlara olan talep de artis gdstermesine ragmen, bu talep karsilanamadigindan anag olarak
yenidiinya ¢Ogiirii kullamilmaktadir. Ancak, yetistiricilerin bodur fidan talebinin karsilanarak
yenidiinyalarda sik dikim yetistiriciliginin gelistirilmesinin yam sira, bu yetistiriciligin avantajlarinin
arastirmalar ile belirlenerek yetistiricilerin bilgisine sunulmas1 gerekmektedir. Bu kapsamda, bodur anag
olarak kullanilabilme 6zelliklerinin arastirilmasi gereken tiirlerden biri de aligtir. Nitekim, baz1 bodur ayva
anaclarmin, Hafif Cukurgobek yenidiinya cesidine etkisini arastiran Akkus (2020), planlanacak yeni
calismalarda, bodur anag olarak ayva klon anaglarinin yam sira kuraga dayanikli olan ali¢ anacinin da
calisilmasimnin biiyiik yarari oldugunu belirtmistir.

Alig, sistematik olarak, Rosaceqe familyasinin Crataegus cinsi altinda yer almaktadir. Alig, derinligi az,
kurak, kumlu ve tagh topraklarda, yetistirilecek armutlar i¢in iyi bir anag 6zelligi tasimaktadir. Ali¢ anacina
asilanan armutlar bodur kalmakta ve fazla biiyiimemektedir (Al-Junaidee, 1977; Ozbek, 1978; Abdollahi
vd., 2012; Rahmati vd., 2015). Alig, ayrica elma i¢in de anag olarak kullanilma potansiyeline sahiptir. Diger
taraftan, pek yaygin olmamakla beraber, alicin ayva igin de anag olarak kullanildig: bildirilmektedir
(Ghasemi vd., 2013; Gharaghani vd., 2016; Valipour vd., 2018; Tataria vd., 2020). Ayrica, kurak kosullara
dayanikli olmas: ve bodur biiyiime gostermesi nedeniyle, kiiresel 1sinmaya bagl kuraklik ve olumsuz
iklim sartlarinda yetistiriciligi siirdiiriilebilir kilmas1 bakimindan da ali¢ anacinin diger meyve tiirlerinin
yanisira yenidiinyalarda da anag olarak kullanilmas: biiyiik 6nem tagimaktadar.

Literatiirde (Demir, 1987; Polat, 1995; Polat ve Kaska, 1992a), aliclarin, yenidiinya icin ana¢ olarak
kullanilabilecegi ifade edilmekle birlikte, bununla ilgili yapilmis yeterli sayida arastirmaya veya anac alig
olan fidanlarla tesis edilmis herhangi bir yenidiinya bahgesine rastlanmamaistir. Aliglarin yenidiinyalarda
anag olarak kullanimina iliskin literatiirde sadece {i¢ arastirmaya (Jamil vd., 2012; Polat, 2020, 2021a)
ulasilabilmistir. Ancak bu arastirmalarin tigli de ali¢ anacina asilanan yenidiinya cesitlerindeki as1
basarisinin belirlenmesini kapsamaktadir. Bu nedenle, aliglarin yenidiinyada anag olarak kullanilabilme
imkanlarmin arastirilmas1 biiyiik onem tasimaktadir. Bu bakis acisiyla, 2016 yilinda baslatilan
calismalarda, ali¢ anacinin yenidiinyada kullanilabilme potansiyelinin ortaya konulmasi, yenidiinyalarda
vejetatif biiylime, ¢icek fenolojisi, meyve tutumu ve meyve kalite &zellikleri ile verim iizerine ali¢ anacinin
etkilerinin belirlenmesi amaglanmigtir. Bu etkilerin bilimsel bulgularla ortaya konulabilmesi igin planlanan
bu calismada da ali¢ anaci iizerine asii HCG yenidiinya cesidinin, fenolojik 6zellikleri, ¢icek salkim
oOzellikleri ile ¢igeklenme ve meyve tutum oranlari iizerine etkileri belirlenmistir. Literatiirde, Hafif
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Cukurgobek yenidiinya ¢esidinin incelenen bu 0zellikleri iizerine ali¢ anacimin etkilerine iliskin
¢alismalarin bulunmamasi, arastirmamizin verilerine, alanindaki ilk veriler olma 6zelligi kazandirmakta
ve literatiire katki bakimindan da Onemini ortaya koymaktadir. Ayrica, bulgularimizin, yenidiinya
yetistiricilerinin ana¢ se¢ciminde yol gosterici 6zelliklere sahip oldugu da soylenebilir.

MATERYAL VE METOT

Bu arastirma; 2019-2020 vejetasyon periyodunda, Hatay Mustafa Kemal Universitesi, Ziraat Fakiiltesi,
Bahce 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, yenidiinya ve ali¢ ¢0giir anacglarna asili 10’ar adet 2 yash Hafif Cukurgobek (HCG)
yenidiinya ¢esidine ait agaglar kullanilmistir. Denemenin yiiriitiildiigii bahcede, dikim araligi, anaci alig
olanlarda 1.0 x 0.5 m olup, anaci yenidiinya ¢ogiirii olanlarda ise 1.0x1.0 metredir. Deneme materyali
agaclar, Goble terbiye sistemi ile sekillendirilmis olup damla sulama sistemiyle sulanmistir. Arastirma
alanin toprak ve iklim 6zellikleri asagida verilmistir.

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 yagisly, yazlari ise sicak ve kurak gegmektedir. Calismanin yiiriitiildiigi her iki yilda da en yiiksek
ortalama sicaklik agustos ayinda (sirasiyla; 28 °C ve 29 °C); en diisiik ortalama sicaklik ise ocak aymnda
(sirasiyla; 8.1 °C ve 8.3 °C ) gerceklesmistir. En yiiksek sicaklik, 2019 yilinda may1s ayinda 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 aymnda, en az yagis 0.3 mm m? ile mayis aymnda
gerceklesmistir. 2020 yilinda en fazla yagis 164.1 mm m?2 ile ocak ayinda meydana gelirken, temmuz, eyliil
ve ekim aylarinda hi¢ yagis olmamistir. 2019 yilinda toplam yagis miktar1 1289.8 mm m-2 olarak
gerceklesirken, 2020 yilinda ise toplam yagis miktar1 669.5 mm m-2 olmustur (Anonim, 2020).

Arastirma Yerinin Toprak Ozellikleri

Arastirmanin yapildig1 bahgenin 20 cm derinliginden alinan toprak orneklerinde yapilan analizlere gore
deneme alan1 toprag: alkali 6zellikte (pH: 7.76), ¢ok az kirecli (%2.4), orta tuzlu (EC microsiemens: 446) ve
kumlu tinli (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) icerigine sahip yapidadir.

Denemede Kullanilan Anaclarm ve Cesidin Genel Ozellikleri

Denemede kullanilan anaglar ile Hafif Cukurgobek yenidiinya ¢esidinin bazi énemli 6zellikleri asagida
verilmistir.

Alig; Rosaceae familyasi, Maloidae alt familyas: ve Crataegus cinsi altinda yer almaktadir. Alig, kisin
yapragini doken, ender olarak da yar1 herdem yesil, genelde dikenli ¢cali ya da agacgik formunda bulunan
odunsu bir bitki tiiriidiir (Davis, 1972). Kuraga dayanikli ve oldukca yavas biiyiiyen bir bitki olmas1
nedeniyle basta armut olmak {izere bazi meyve tiirlerinde bodurlastirict anag olarak kullanilmaktadir.

Yenidiinya Cogiirii; Herdem yesil, subtropik iklim kosullarinda kuvvetli biiyiiyen ve tizerindeki kalemi de
5-10 metre biiyiiten bir anac¢tir (Polat, 2021b). Bu anag iizerinde, agaglar uzun Omdiirlii ve verimli
olmaktadr.

Hafif Cukurgébek; Seleksiyonla elde edilmis erkenci bir cesittir. Meyveleri orta irilikte, pembe portakal renkli
ve gosterisli olup, tasimaya dayaniklidir. Yenidiinyalarda en biiyiik sorun teskil eden karaleke hastaligina
dayaniklidir. Kendine verimli bir g¢esit olup, 15-20 yash bir bahgenin dekara verimi 1000-1200 kg’'dir
(Demir, 1987; Polat, 2021b).
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Yontem
Deneme, tesadiif parselleri deneme desenine gore 5 tekerriirlii olarak kurulmus, her tekerriirde 2 agac
kullanilmisgtir.

Fenolojik Gozlemler
Denemedeki fenolojik gozlemler, Polat (2018) ve Akkus (2020)’a gore asagida agiklandig: gibi yapilmistir.

Ciceklenme ile 1lgili Gozlemler

Cigeklenme baglangicr: Tomurcuklarda tag yapraklarnin goriilmeye basladig1 evre, giceklenme baslangici
olarak kabul edilmistir (Sekil 1a).

1lk ciceklenme: Ciceklerin %5’inin actig1 evre ilk ¢igeklenme evresi olarak kabul edilmistir (Sekil 1b).
Tam ciceklenme: Cigeklerin %70’inin a¢tig1 evre tam ¢iceklenme dénemi olarak degerlendirilmistir (Sekil 1c).

Cigeklenme sonu: Cigeklerin %7(0’inin ta¢ yapraklarini doktiikleri evre ¢iceklenme sonu olarak kabul
edilmistir (Sekil 1d).

Meyve tutumu: Cigeklerin tag¢ yapraklarini dokmelerinin ardindan %70’inin meyveye doniistiigii donem,
meyve tutum evresi olarak kabul edilmistir (Sekil 1e).

Kiiciik meyve: Meyvelerin findik biiyiikliigiine ulastig1 evredir (Sekil 1f).
Meyuve olgunlugu: Meyvelerin ¢eside 6zgii koyu turuncu rengi aldig1 evredir (Sekil 1h).
Salkim Ozellikleri ile 1lgili Gozlemler

Cicek sayimlar: ve meyve tutum oranlarinin belirlenmesi i¢in her anagtan 10 bitki segilerek asagidaki
sayimlar yapilmistir.

Salkim uzunlugu (cm): Salkim sapinin baslangi¢ kismi ile salkimin en ug noktasi arasindaki mesafe metre ile
Ol¢tilmiistiir.

Salkimdaki somak sayisi: Her salkimdaki somak sayilari, en alttaki somaktan baslanarak salkimin ucuna
kadar tek tek sayilmuistir.

Salkimdaki cicek tomurcugu sayisi: Her salkimdaki ¢igek tomurcuklar: sayilarak belirlenmistir.
Salkimdaki agan cicek sayisi: Cigeklenme sonu evresinde sayilarak belirlenmistir.

Salkimdaki tutan meyve sayisi: Tag yapraklarinin dokiimiinden 2 hafta sonra, meyvelerin findik biiytikliigiine
ulastig1 evre ve meyve derim déneminde olmak {izere {i¢ donemde meyveler sayilarak belirlenmistir.
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Sekil 1. Cigeklenme baslangci (a), ilk ¢igeklenme (b), tam ¢igeklenme (c), ¢igeklenme sonu (d), meyve tutumu (e),
kiiciik meyve (f), olgunluk baslangici (g) ve olgun meyve (h) evreleri.
Figure 1. Beginning of flowering (a), first flowering (b), full bloom (c), end of blooming (d), fruit set (e), small fruit (f), beginning
of maturity (g) and ripe fruit (h) phases.

Ciceklenme ve Meyve Tutum Oranlari ile 1lgili Gozlemler

Ciceklenme oranlart (%): Tlk olarak isaretlenmis olan dal ve salkimlarda ciceklenme sonunda a¢mus cicekler
sayilarak adet olarak belirlenmistir. Daha sonra, acan ¢igek sayisi, tomurcuk sayisina boliinerek 100 ile
carpilmis ve ¢iceklenme orami % olarak hesaplanmustir.

Ik meyve tutumu (%): Tag yapraklarmin ddkiimiinden 2 hafta sonra meyveler sayilarak adetleri
belirlenmistir. Sonrasinda, ilk tutan meyve sayisi, tomurcuk sayisina boliinmiis ve 100 ile garpilarak ilk
meyve tutum oramni elde edilmistir.

Kiiciik meyve tutumu (%): llk meyve tutumundan sonra meyvelerin findik biiyiikliigiine ulastigi donemde
meyve tutum oranlarinmi belirlemek amaciyla sayimlar yinelenmis ve meyve sayisi, tomurcuk sayisina
boliintip 100 ile garpilarak kiigiik meyve tutum orani elde edilmistir.

Olgun meyve tutumu (%): Derim olumuna gelmis olan meyvelerde sayimlar tekrarlanarak olgun meyve
sayis1, tomurcuk sayisina boliinmiis ve 100 ile ¢carpilarak olgun meyve tutum orani elde edilmistir.
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Vejetatif Biiyiime ile 11gili Parametreler

Subat 2020’den itibaren {i¢ ay ara ile 6l¢lim yapilan bitkilerin vejetatif biiyiimeleri Polat vd. (2004; 2005) ile
Akkus (2020)’a gore belirlenmistir.

Yillik siirgiin uzunlugu (cm): Farkli yonlerden birer adet olmak {izere her agacta 4 siirgiiniin uzunlugu metre
ile Ol¢lilmiistiir.

Govde ¢capr (mm): Agaglarin as1 noktasinin 5 cm {istiinden kalem ¢ap1, 5 cm altindan anag ¢api dijital kumpas
ile dlctilmiistiir.

Ast noktasi-ilk dallanma mesafesi (cm): Agaglarin as1 noktasi ile govdede ilk ana dalin olustugu nokta
arasindaki mesafe metre ile Sl¢tilmiistiir.

Tk dallanma-iist siirgiin ucu mesafesi (cm): Agaglarmn govdesinde ilk ana dalin olustugu yer ile agag tacinin
iist noktasi arasindaki mesafe metre ile 6l¢tilmiistiir.

Ast noktasi-ana eksen ucu mesafesi (cm): Agaglarin as1 noktasi ile agag tacinin {ist noktasi arasindaki mesafe
metre ile Ol¢tilmiistiir.

Verilerin Degerlendirilmesi

Denemeden elde edilen verilerin varyans analizi, "IBM SPSS Statistics 22"paket programinda “T-testine”
gore yapilmustir.

BULGULAR VE TARTISMA
Calismada, anaglarin HCG yenidiinya cesidinin fenolojik 6zellikleri, vejetatif biiytimesi ve meyve tutumu
tizerine etkilerine iliskin elde edilen bulgular, asagida ayr1 bagliklar altinda incelenmistir.

Fenolojik Gozlemler ile Ilgili Bulgular

Ciceklenme zamanlart ile ilgili bulgular

Farkli anaglar tizerine asili HCG yenidiinya ¢esidinin ¢iceklenme ve meyve derim periyodlar: Sekil 2’de
verilmistir.

Cigeklenme baslangici, ali¢ anacina asili bitkilerde, yenidiinya ¢ogiir anacindan 24 giin Once
gerceklesmistir. Oteki tiim ciceklenme donemleri de ali¢c anaci iizerindeki bitkilerde, yenidiinya ¢ogiir
anacindan 8-12 giin erken meydana gelmistir. Ali¢ anacina asili olan bitkiler, yenidiinya anacina asili
olanlara gore meyve tutumu evresine yaklasik 15 giin 6nce ulasirken, meyve deriminde iki giin erkencilik
saglamistir. Literatiirde ali¢ anacinin yenidiinyalarda ¢iceklenme evrelerine etkilerine iliskin bir
arastirmaya ulasilamamas: nedeniyle verilerimizin karsilastirilmasi miimkiin olamamistir. Ancak
konunun onemi agisindan, bulgularimizin ayva anaglarinin bu konuya iliskin bulgular1 ile
karsilagtirilmasinda yarar goriilmiistiir.
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Ciceklenme Donemleri ve Hasat
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Sekil 2. Farkli anaglar {izerine asili HCG yenidiinya ¢esidinin ¢iceklenme ve meyve derim periyotlar:.
Figure 2. Flowering and fruit harvesting periods of HCG loquat cultivar grafted on different rootstocks.

Akkus ve Polat'in (2022) yaptig1 bir ¢alismada, Quince-A, Quince-C ve BA-29 anaglariin ¢iceklenme
baslangicy, ilk ¢iceklenme, tam ¢iceklenme ve ¢igeklenme sonu evreleri sirasiyla, 21-23 Kasim, 11-15 Aralik,
10-18 Ocak ve 23-31 Ocak olarak belirlenmistir. Polat'm (2015), yaptig1 bir ¢alismada, yenidiinya ¢ogiir
anacina asili HCG yenidiinya ¢esidinde ilk ¢igeklenme 27 Kasim, tam ¢iceklenme 9 Aralik ve cigeklenme
sonu ise 24 Aralik olarak belirlenmistir. Calismamizda elde ettigimiz veriler, Akkus ve Polat’in (2022) ayva
anaclari ile ilgili elde ettigi verilere benzerlik gosteren yanlar1 oldugu gibi farklilik gosteren yanlari da
bulunmaktadir. Yenidiinya ¢ogiir anaci icin elde ettigimiz veriler ise Polat’in (2015) elde ettigi verilerden
farkli bulunmustur. Bu farklilik, calismalarin yapildig: yillardaki iklimsel verilerin farkl etkilerinden ve
anaclarin yas farkliligindan kaynaklanmis olabilecegi iizere anaglarin genetik yapilarinin farkliigindan da
kaynaklanmis olabilir.

Salkim Ozellikleri ile 1lgili Bulgular
Anagclarin, HCG yenidiinya ¢esidinin ¢igeklenme ve salkim 6zellikleri iizerine etkilerine iliskin bulgular
Cizelge 1’de verilmistir.

Cizelge 1. Anaglarin HCG yenidiinya ¢esidinin salkim 6zellikleri tizerine etkileri.
Table 1. The effects of rootstocks on the inflorescences properties of the HCG cultivar.

Salkim Salkimdaki somak Salkimdaki ¢igcek Salkimdaki acan ¢icek
Anaclar Uzunlugu sayisi(adet) tomurcugu sayisi(adet) sayisi(adet)
Rootstock Lenght of cluster No. of peduncle per No. of flower buds per No. of flowers per

(cm) cluster (piece) cluster (piece) cluster (piece)

Alig 14.87+0.14 9.00+0.31 123.25+1.10 115.25+1.38
Hawthorn
YD GOgUrt s e 018 10.28+0.54 156.88+12.47 139.59+11.01
Loquat seedling
Onemlilikx . ODy . OD
Significancex NSY

x: Anag ortalamalar arasindaki farklilik “T” testine gore %5 veya %1 diizeyinde dnemlidir.
x: The difference between the rootstock averages is significant at the level of 5% or 1% according to the “T” test.
y: Onemli degil. v:Not significance.

Gerek salkim uzunlugu gerek salkimin 6teki 6zellikleri bakimindan anaci yenidiinya ¢ogiirii olan bitkiler,
ali¢ anacina asili bitkilere gore daha yiiksek degerlere sahip olmustur. Kii¢iik meyve ve derimi yapilan
meyve sayist bakimindan ise ali¢ anacina asili bitkiler, daha iyi sonuglar vermistir (Sekil 3).
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Sekil 3. Anaclarin HCG yenidiinya ¢esidinin salkim basina ilk meyve, kiigiik meyve ve derimi yapilan meyve
miktarina etkileri.
Figure 3. The effects of rootstocks on the amount of initial fruit, small fruit and harvested fruit per cluster of HCG loquat variety.

Incelenen bu 6zelliklerden sadece salkim uzunlugu bakimindan anaglar arasindaki farkliliklar istatistiksel
olarak 6nemli bulunmustur. Calismamizin ali¢ anacina iliskin bulgularindan, ana salkimdaki somak sayist,
salkimdaki ¢icek tomurcugu ve agan ¢igek sayilari ile ilk meyve tutumu degerleri, Akkus ve Polat'in (2022)
ayva anagclarinda belirledigi degerlerden daha diisiik bulunurken, kii¢iik meyve ve derimi yapilan meyve
sayilar1 benzer bulunmustur. Yenidiinya ¢ogiir anacindan elde edilen degerler, Akkus ve Polat’in (2022) {ig
ayva anacinda belirledigi degerler ile 6nemli dlgiide benzerlik gostermektedir.

Ciceklenme ve Meyve Tutum Oranlari ile 1lgili Bulgular

Anaclarin, HCG yenidiinya ¢esidinin ¢iceklenme ve meyve tutum oranlari iizerine etkileri ile ilgili
istatistiksel analiz sonuglar1 Cizelge 2’de verilmistir.

Cizelge 2. Anaglarin HCG yenidiinya ¢esidinin ¢igeklenme ve meyve tutum oranlari iizerine etkileri.
Table 2. The effects of rootstocks on blossoming and fruit set rates of HCG loquat variety.

Anaglar Ciceklenme Salkimdaki ilk Kiigiik Derimi yapilan
Rootstock Blossoming(%) meyve tutumu Meyve meyve

Initial fruit set (%) Small fruit(%) Harvested fruits %)
Alig 93.52+1.07 11.16+0.29 7.91+ 0.09 6.29+0.14
Hawthorn
YD Cogiirii 89.00+1.05 9.96+ 0.13 5.63+0.20 4.24+0.23
Loquat seedling
Onemlilikx
Significancex * ** ** **

x:Aymu siitundaki ortalamalar “T” testine gore % 5 veya % 1 diizeyinde 6nemli farklilik gostermektedir.
x: The difference between the rootstock averages is significant at the level of 5% or 1% according to the “T” test.

Anac alig olan bitkilerin ¢igeklenme orani (%93.52) anaci yenidiinya ¢ogiirii (%89.00) olanlara gore daha
yliksek olmustur. Salkimdaki ilk meyve, kiiciik meyve ve derimi yapilan meyve oranlar1 bakimindan da
anaci ali¢ olan bitkilerden (sirasiyla %11.16, %7.91 ve %6.29) daha yiiksek degerler elde edilmistir (Cizelge
2). Incelenen bu parametreler bakimindan anaglar arasindaki farkliliklar, istatistiksel olarak onemli
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bulunmustur. Ancak bu veriler, ali¢ anac ile ilgili elde edilen ilk veriler oldugundan bu asamada
genellestirilmesinin uygun olmayacag: diisiiniilmektedir.

Ciceklenme ve meyve tutum oranlar: bakimindan ali¢ anacindan elde ettigimiz bulgular, Akkus ve Polat'in
(2022) ii¢ ayva klon anacinda belirledigi degerlerden genellikle daha yiiksek iken; yenidiinya anacina
iliskin bulgular ise daha diisitk bulunmustur. Calismamizda, ali¢ anaci {izerine asii HCG yenidiinya
¢esidinde belirlenen cigeklenme, ilk meyve tutumu, kiiciik meyve ve hasat edilen meyve oranlari, Sezer ve
Polat’in (2022) ayva anaclarinda belirledigi oranlardan daha yiiksek bulunmustur.

Derimi yapilan meyve oranlar1 géz 6niine alindiginda elde ettigimiz veriler, ali¢ ve yenidiinya ¢ogiirii i¢in
%6.29 ve %4.24 olarak gerceklesirken, Akkus ve Polat'in (2022) ii¢ ayva klon anacinda elde etmis oldugu
veriler, %2.12-%4.80 arasinda gergeklesmistir. Sezer ve Polat (2022) ise ayni anaglardaki bu degerleri,
%2.96-%4.87 olarak belirlemistir. Polat (2015), yenidiinya ¢0giir anaci iizerine asili 15 yasindaki HCG
yenidiinya agaclarinda cigeklenme oranini %56.96, kiiciik meyve oranini %?2.16 ve derimi yapilan meyve
oranini %1.19 olarak belirlemistir. Calismamizda yenidiinya ¢ogiir anaci {izerine asilhi 2 yasindaki Hafif
Cukurgobek yenidiinya bitkilerinde ¢iceklenme orani %89.00, kiigiik meyve orani %5.63 ve derimi yapilan
meyve orani ise %4.24 olarak belirlenmistir. Onceki calismalarm bulgulan ile olan bu farkliliklarin,
oncelikle calismalarin yapildig: yillardaki iklimsel kosullarin, kiiltiirel bakim islemlerinin farkliligi ile farkl
arastirmalarda calisilan deneme materyali bitkilerin yas farkliiginin etkisinden kaynaklandig:
disiiniilmektedir.

Vejetatif Biiyiime ile 11gili Bulgular
Anaglarin, Hafif Cukurgobek yenidiinya cesidinin vejetatif biiyiimesi iizerine etkilerine iliskin veriler

Cizelge 3’ de verilmistir.

Cizelge 3. Anaclarm, HCG yenidiinya gesidinin vejetatif biiyiime parametreleri {izerine etkileri.
Table 3. The effects of rootstocks on vegetative growth parameters of the HCG loquat cultivar.

As1noktas: - flk dallanma -  Asi noktasi -

Yillik siirgiin ~ Kalem cap1 Anacg cap1 ilk dallanma Siirgiin ucu Ana eksen
Anaclar uzunlugu Scion rootstock Bud union- First ucu
¢ Annual shoot diameter diameter first branching- Bud union-
length(cm) (mm) (mm) branching longest shoot  longest shoot
(cm) (cm) (cm)
Alig
+ + + + +
Hawthorn 11.78+1.35 5.45+0.39 15.36+ 0.39 26.50+ 0.89 39.95+5.91 66.45+-6.06
YD ¢ogiirii 65.02+5.54 41.09+2.21 43.18+1.63 11.00+ 1.85 148.30+12.96  159.30+14.10
Loquat seedling
Onemllllkx 3% 3% 3% %% %% *3%
Significancex

x:Aymu siitundaki ortalamalar “T” testine gore % 1 diizeyinde onemli farklilik gostermektedir.
The difference between the rootstock averages is significant at the level of 1% according to the “T” test.

Yenidiinya ¢6giir anaci (65.02 cm) iizerindeki bitkiler, ali¢ anacina gore énemli 6l¢iide daha uzun siirgtinler
olusturmustur. Polat ve Caliskan’in (2011) yaptig1 bir calismada, ¢dgiir anaci tizerindeki agaglarin yillik
stirglin uzunlugu 23.1 cm bulunmusken, Akkus ve Polat'in (2022) yaptig1 calismada ise en diisiik 39.64 cm
(Quince-A) en yiiksek 74.13 cm (BA-29) bulunmustur. Ortaya ¢ikmis olan bu farkliliklarin, yillik bakim
islemleri ve meyve yiikiiniin vejetatif biliylimeyi baskilamasindan kaynaklanmis olabilecegi
diistiniilmektedir.

Anag ve kalem ¢ap1 bakimindan da yenidiinya ¢0giir anaci, ali¢ anacina gore dnemli diizeyde daha yiiksek
degerler vermistir. flk dallanma-siirgiin ucu ve as1 noktasi-ana eksen ucu arasindaki uzunluk degerleri
bakimindan da ali¢ anacindan yenidiinya ¢ogiir anacina gore daha diisiik degerler elde edilmistir.
Incelenen biitiin parametreler bakimindan anaglar arasindaki farkliliklar, istatistiksel olarak Onemli

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

119



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

Atila Aytekin POLAT

bulunmustur. Bu durum, ali¢ anacinin {izerine asili kalemin vejetatif biiylimesini baskiladig1 ve ayva
anaglarina benzer bodurlastirici bir etkiye sahip oldugunu gostermektedir. Elde edilen bu ilk verilere gore
ali¢ anacinin bodurlastirici etkisi (yaklasik %60), ayva anaglarindan ¢ok daha belirgin olmaktadir. Nitekim,
i¢ ayva klon anacina asili HCG yenidiinya ¢esidinde yapilan calismalarda (Akkus ve Polat, 2022; Sezer ve
Polat, 2022), incelenen tiim vejetatif parametreler bakimindan 0lgiilen degerlerin ¢alismamizda yer alan
ali¢ anacinda belirledigimiz degerlerden daha yiiksek oldugu goriilmektedir. Ayrica Quince-A, Quince-C
ve yenidiinya ¢ogiir anaclarina asili farkli yenidiinya gesitlerinde yapilan bazi ¢alismalarda (Polat ve Kaska
1992 a,b; Polat, 1995) da ayva anaglarinin, yenidiinya ¢ogiir anacina gore %20-25 bodurluk sagladig:
bildirilmistir. Bu da ali¢ anacimin ¢ok daha etkili bir bodurluk sagladigini gostermektedir. Ote yandan,
[ran’da yapilan bazi galismalarda da ali¢ anacimin, {izerine agili farkli ayva ve armut gesitlerinde énemli
diizeyde bodurluk sagladig1 belirlenmistir (Abdollahi vd., 2012; Ghasemi vd., 2013; Rahmati vd., 2015;
Abdollahi vd., 2018; Tataria vd., 2020). Ali¢ anacinin, {iizerindeki kalemi bodurlastirici etkisi,
yenidiinyalarda sik dikim yetistiricilik a¢isindan biiyiik 6nem tasimakta ve alicin yenidiinyalarda bodur
anag olarak kullanilabilecegini gostermektedir.

SONUC

Bazi arastiricilar yenidiinya i¢in anag olarak ali¢ kullanilabilecegini belirtmesine karsin, gerek iilkemizde
gerek diger {ilkelerde ali¢ anacinin kullanimina iligkin herhangi bir veri bulunmamaktadir. ilk kez bu
calismada, ali¢ anacinin, tizerine asih HCG c¢esidinin fenolojik 6zellikleri ile vejetatif biiyiimesi iizerine
etkileri arastirilmistir. Bu amagla ali¢ anacy, yenidiinya ¢ogiir anaci ile kiyaslanmistir. Calismamizdan elde
edilen bulgular, ali¢ anacinin yenidiinyalarda anag¢ olarak kullanimi agisindan ilk bulgular olmasi
bakimindan oldukca 6nemli ve degerlidir. Calismamizin bulgulari, anact ali¢ olan bodur fidanlarla sik
dikim yapilarak birim alandan daha fazla iiriin alma olanaklarinin miimkiin oldugunu gostermektedir.
Genel olarak degerlendirildiginde; ali¢ anacinin yenidiinya ¢dgiir anacina gore daha iistiin sonuglar verdigi
goriilmektedir. Ozellikle ali¢ anacimin kalemin vejetatif biiyiimesini baskilayarak énemli bir bodurluk
saglamasi dikkat cekici bulunmustur. Heniiz iki yasindaki agaglarda goriilen bu 6nemli bodurluk etkisinin,
ileri yaslarda ¢ok daha yiiksek degerlere ulasacagi beklenmektedir. Ancak bu tiir galismalarda daha kesin
sonuglarin elde edilebilmesi i¢in ¢alismalarin bir siire daha devam ettirilmesi ve anacin meyve verim ve
kalite 6zelliklerine etkilerinin de belirlenmesi gerekmektedir.

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

YAZAR KATKISI
AAP calismay1 tasarlayip, denemeyi kurmus ve bahge gozlemlerini yaparak verileri toplamis ve makaleyi

yazmugtir.
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Anatomical and Histological Development of the Union of Splice Grafting in Hazelnut*
Findikta Dilciksiz As1 Tekniginde Kaynasmanin Anatomik ve Histolojik Gelisimi
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Abstract: The anatomical and histological development of the graft union in splice grafting in hazelnut (Corylus avellana L.) was examined. One-year
suckers were used as rootstock and scion materials. Grafting was done manually in the first week of December. The grafted plants were kept for 28 days
at 26-28 °C and 70-80% relative humidity conditions. The cross and longitudinal sections with a thickness of 12-20 microns taken from the graft union
area by a rotary microtome 14, 18, 21, 26, 32, 52 ve 140 days after grafting were examined microscopically. Early callus proliferation from rootstock and
particularly scion two weeks after grafting was generally slow. The initial cambial differentiations in callus tissues were seen in sections 18 days after
grafting. Cambial continuity between rootstock and scion was established 32 days after grafting. The sections in the following periods exhibited that the
graft partners were in vascular relationship. The development of the graft union was successfull with all its stages. It was observed that the amount of
callus tissue proliferated during the first two weeks after grafting directed the subsequent development of the union. In this respect, it is thought that
developing methods that encourage callus formation in the early periods of the union will increase the success in related studies. The anatomical and
histological examinations revealed that rootstock and scion thicknesses that are very close to each other and accordingly well matching of graft partners
from cambial zones affect the development of union positively and prepare a suitable basis for early vascular differentiation.

Keywords: Hazelnut, Corylus avellana L., Splice Grafting, Graft Union

&

Oz: Calismada findikta (Corylus avellana L.) dilciksiz agilama tekniginde asi kaynasmasinin anatomik ve histolojik gelisimi incelenmistir. Anag ve kalem
materyali olarak bir yillik dip siirgiinleri kullanilmigtir. Aralik aymn ilk haftasinda yapilan asilar 26-28 C° sicaklik ve % 70-80 nisbi nem kosullarinda 28
giin tutulmustur. Asilamadan 14, 18, 21, 26, 32, 52 ve 140 giin sonra ag1 yerlerinden rotary mikrotomla 12-20 mikron kalinliginda alman kesitler
fotomikroskop altinda incelenmistir. Asilamadan iki hafta sonraki kesitlerde anag¢ ve 6zellikle kalemden kallus olusumunun yavas gergeklestigi
goriilmustiir. Kallus dokusunda ilk kambiyal farklilasmalara asilamadan 18 giin sonraki kesitlerde rastlanmistir. Asi elemanlar1 arasinda kambiyal
devamlilik agilamadan 32 giin sonra kurulmustur. ilerleyen doénemlerdeki kesitlerde as1 parcalarinin vaskiiler iligki igerisinde olduklar: belirlenmistir.
Kaynasmanin gelisimi tiim asamalariyla basariyla gerceklesmistir. Asilama sonrasi ilk iki haftalik dénemde olusan kallus miktarinin kaynasmanin
sonraki gelisimine yon verdigi belirlenmistir. Bu bakimdan, ilgili arastirmalarda kaynasmanin erken dénemlerinde kallus olusumunu tesvik edici
yontemlerin gelistirilmesinin basariy: ytikseltecegi diistiniilmektedir. Anatomik ve histolojik incelemeler, birbirine ¢ok yakin anag ve kalem kalinliginin
ve buna bagh olarak as1 pargalarinin kambiyal bolgelerden iyi cakistirilmasinin kaynagmanin seyrini olumlu etkiledigini ve erken vaskuler
farklilasmalara zemin hazirladigini ortaya koymustur.

Anahtar Kelimeler: Findik, Corylus avellana L., Dilciksiz as1, As1 kaynagmasi
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Anatomical and Histological Development of the Union of Splice Grafting in Hazelnut

INTRODUCTION

Grafting provides many advantages such as benefiting from the characteristics of various rootstocks,
changing varieties, encouraging early fruiting, increasing productivity, obtaining quality fruit, and large-
scale propagation of fruit species that cannot be serially propagated by other vegetative methods
(Hartmann and Kester, 1974; Goldschmidt, 2014; Adhikari et al., 2022). Therefore, it has an important place
in horticulture (Melnyk, 2016).

Grafting is a plant's response to injury related to its ability to regenerate (Moore, 1981; Melnyk, 2016). This
response varies over time during the year under uncontrolled conditions (Adhikari et al., 2022). In grafting,
after the cut parts of the rootstock and scion contact each other (adhesion), cell divisions occur and then the
vascular tissues differentiate and the two plant parts turn into a single plant (Melnyk & Meyerowitz, 2015).

In grafting, well matching of rootstock and scion and the close thickness of the graft partners affect the
success and development of the union positively (Tekintas, 1988). This detail is especially important for
nut species such as hazelnuts, which have been reported to have difficulties in propagation by grafting
(Lagerstedt, 1981). At the graft union, callus formation from rootstock and scion, establishment of the callus
bridge at the graft interfaces, cambial differentiation, cambial continuity, establishment of the vascular
system can be affected by species, cultivar, rootstock, grafting technique, grafting time, and environmental
conditions during and after grafting (Farsi et al., 2016).

During the graft union, anatomical, physiological, biochemical and molecular changes occur in the plant
that may affect important horticultural characteristics (Goldschmidt, 2014; Habibi et al., 2022). Knowing
the anatomical and histological development of the union in grafting studies can offer some important
insights not only for the formation of successful grafting combinations and the selection of the grafting
technique (Tekintas, 1988; Farsi et al., 2016), but also for transferring the grafted plant to the appropriate
conditions at the right time. Indeed, early establishment of the union in grapevine grafts reduced post-
transplant losses of grafted plants (Cangi et al., 2000). Various anatomical and histological studies on the
graft union have been reported in many fruit species (Unal and Ozgagran, 1986; Asante and Barnett, 1997;
Tekintas, 1988; Watanabe & Nakazatomi, 1990; Polat and Kaska, 1992; Seferoglu et al., 2004; Serdar et al.,
2005; Demirsoy and Bilginer, 2006; Dolgun et al., 2008; Polat et al., 2010; Kalkisim and Tekintasg, 2011; Farsi
et al., 2016; Ozdemir et al., 2019).

Today's modern hazelnut culture foresees the cultivation of hazelnut plant in the form of a single-trunk
tree suitable for mechanization (Bijeli¢ et al., 2021). In this respect, although the efforts on hazelnut grafting
have gained importance, studies on the subject in our country are very limited. In this study, it was aimed
to examine the anatomical and histological aspects of the development of the graft union in splice grafting
technique depending on time in hazelnut, and the issues that may affect the development of union were
emphasized.

MATERIAL AND METHOD

The research was carried out at Yiiziincii Yil University, Faculty of Agriculture, Department of
Horticulture. As rootstock and scion material, one-year suckers (Corylus avellana L.) obtained from hazelnut
grower’s orchards in Karaca neighborhood of Carsamba district of Samsun were used. One-year suckers
were brought from Samsun to Van in mid-November in sacks containing moist sawdust. They were kept
at room conditions until grafting. The scions were prepared with 2-3 buds from suckers. Grafting was done
manually on one-year suckers using the splice technique (Figure 1) in the first week of December. The
grafted plants were kept under controlled conditions at 26-28 °C and 70-80% relative humidity for 28 days.
They were transferred to a room with a temperature of 16-20 °C and a relative humidity of 80-90% and
surrounded by PVC plastic. When the outside weather conditions are suitable, they were moved to the
greenhouse and left to develop.
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Figure 1. Splice grafting of hazelnut.
Sekil 1. Dilciksiz findik asist.

Preparation of graft site samples

In order to examine the anatomical and histological development of the union, the graft sites of the grafted
plants were cut by grafting scissor 14, 18, 21, 26, 32, 52 and 140 days after grafting and kept in 70% ethanol
until paraffin method. As a preliminary preparation for the paraffin method, the parts of the graft sites
were cut into small pieces with the help of a razor blade.

These small pieces were treated with a series of solutions (Table 1). Hard paraffin, equal to 1/3 of the
amount of xylol, was added to the containers in which the samples were contained, and they were kept in
unheated room conditions for 1 day. Then, small pieces of the graft sites were saturated with paraffin in an
oven at 62-63 °C for 2-3 months.

Table 1. Treatments for small pieces of graft site samples.
Cizelge 1. Ag1 yeri Ornek parcalarina uygulanan islemler.

Order Treatment Duration (hour)
1 80% ethyl alcohol 6

2 90% ethyl alcohol 16

3 Pure alcohol 1

4 3 volumes of pure alcohol + 1 volume of xylol 2

5 2 volumes of pure alcohol + 2 volume of xylol 2

6 1 volumes of pure alcohol + 3 volume of xylol 2

7 Xylol 2

Sectioning and Staining

Paraffin-saturated pieces were carefully embedded in blocks for sectioning. These blocks were then placed
in the rotary microtome. Cross and longitudinal sections with a thickness of 12-20 microns were taken with
a rotary microtome and permanent preparations were prepared. Sections were stained in three ways:
safranin/fast green double staining, safranin and fast green. In the staining process, it was aimed to clearly
distinguish the tissues in the sections under photomicroscope. Treatments for safranin/fast green double
staining are given in Table 2. In staining with fast green, the treatments other than the 8th, 9th, 10th, 11th
and 12th orders, and the treatments other than the 13th order in staining with safranin were followed (Table
2).
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Table 2. Safranin/Fast green double staining.
Cizelge 2. Safranin/Fast Green ikili boyama islem asamalar1.

Order Treatments Duration
1 3 volume of xylol + 1 volumes of pure alcohol 10 min.

2 2 volume of xylol + 2 volumes of pure alcohol 10 min.

3 1 volume of xylol + 3 volumes of pure alcohol 10 min.

4 Pure alcohol 1 min.

5 90% ethyl alcohol 4 min.

6 80% ethyl alcohol 4 min.

7 70% ethyl alcohol 4 min.

8 % 1 safranin 30-45 min.
9 Washing with tap water 1.5 min.
10 % 0.5 picric acid 1-2 min.
11 96% ethanol with a few drops of ammonia 1-2 min.
12 96% ethyl alcohol 10 sec.

13 % 1 fast green 10 sec.

14 1 volume of xylol + 1 volumes of pure alcohol 15-20 sec.
15 Pure alcohol with a few drops of xylol 2-3 sec.
16 Release in xylol followed by coating with Canadian

balsam

Examination of Sections

Cross and longitudinal sections taken from the graft unio sites were examined and photographed under a
photomicroscope (Olympus BH-2). At the union sites, the state of callus tissues formed by rootstock and
scion, the state of necrotic layers, the union of rootstock and scion, cambial differentiation, establishment
of cambial continuity between rootstock and scion, and the formation of new vascular tissues on the
sections were examined and evaluated.

RESULTS

In the cross-sections 14 days after grafting, callus proliferation at the graft union site was satisfactory in
some of the graft samples (Figure 2) and generally weak in others. Callus proliferation in the upper and
lower parts of the union site was more than in the middle parts. Thin-membrane and high turgor callus
cells were produced from cambium, young xylem and phloem tissues of rootstock and scion that were not
destroyed during grafting. Although callus tissue extended uninterruptedly in the upper, lower and
middle parts of the graft site, it has not fully expanded between the graft interfaces. Therefore, it was
generally considered weak at this stage. It was observed that the necrotic layers were largely broken by the
callus tissue. Initial cambial cell differentiations were not observed within the callus tissue at the graft union
site.

Cross-sections of successful graft samples 18 days after grafting showed more callus proliferation. The
callus formation has expanded towards the junction surfaces between the xylem tissues of the graft
partners, but has not completely filled all graft interfaces. In successful graft samples where rootstock and
scion thicknesses are very close to each other, the initial cambial differentiations and extensions were seen
at the graft union site. The cambial differentiation, which is almost in line with the original cambium of the
rootstock and scion within the callus tissue, expanded towards the inner parts and turned into a cambial
extension (Figure 3). However, although the cambial extensions that developed separately from both the
rootstock and the scion were in contact with the original cambium tissues of the graft partners, they could
not yet unite with each other in the callus tissue formed towards the graft interfaces. Therefore, cambial
continuity was not established between the graft partners in this period.
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Necrotic layer, XL: Xylem (Safranin/Fast green, 4x10).
Sekil 2. Asilamadan 14 giin sonra as: bolgesinden alinan enine kesitte dokularin goriiniimii. CL: Kallus, NT: Nekrotik tabaka,
XL: Ksilem (Safranin/Fast Green, 4x10).

7

Figure 3. The appearance of the tissues in a cross-section of the union site 18 days after grafting. CL: Callus, NC: New
cambium, SL: Sclerenchymatic fiber cells, XL: Xylem (Safranin/Fast green, 4x10).
Sekil 3. Asilamadan 18 giin sonra as1 bolgesinden alinan enine kesitte dokularm goriiniimii. CL: Kallus, NC: Yeni Kambiyum,
SL: Sklerankimatik lif hiicreleri, XL: Ksilem (Safranin/Fast green, 4x10).

Cambial differentiations and extensions in the callus tissue continued progressively in the cross-sections
21 days after grafting. The new cambial extensions of the rootstock and scion, which connect with the
original cambium of the graft partners, have not yet connected with each other in the callus tissue formed
towards the inner surfaces. Therefore, cambial continuity between rootstock and scion has not yet been
established in the graft samples of this period. However, while it was observed that new xylem tissues
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were produced from new cambium tissues in places, sclerenchymatic cell groups were seen in the callus
tissue (Figure 4). It was evaluated that the necrotic layers did not pose a problem in terms of the
development of union.

H ;:;.:, : 2 s _-‘ " \"'
Figure 4. The appearance of the tissues in a cross-section of the union site 21 days after grafting. CL: Callus, NC: New
Cambium, NX: New Xylem, NT: Necrotic layer, SL: Sclerenchymatic fiber cells (Safranin/Fast green, 4x10).

Sekil 4. Asilamadan 21 giin sonra as1 bélgesinden alinan enine kesitte dokularm goriiniimii. CL: Kallus, NC: Yeni Kambiyum,

NX: Yeni Ksilem, NT: Nekrotik tabaka, SL: Sklerankimatik lif hiicreleri, (Safranin/Fast green, 4x10).

Although callus formation at the graft site was satisfactory in cross-sections of successful graft samples 26
days after grafting, callus tissue did not completely fill all interfaces of the union in most of the graft
samples. The cambial continuity was established between rootstock and scion. It was observed that cambial
continuities were established as slightly or sharply curved in the graft partners. Differentiated new xylem
elements were seen on the rootstock and scion sides (Figure 5). Callus cells formed more uniform shapes
and rows at the union sites. Necrotic layers were generally well fragmented.

In cross-sections 32 days after grafting, not all cut surfaces between graft partners were fully filled with
callus tissue. In successful graft samples, cambial continuity was established between graft partners (Fig.
6). In the longitudinal sections, the new vascular cambium tissue extended uninterruptedly within the
callus tissue proliferated by rootstock and scion (Figure 7). In this period, after cambial continuity, it was
observed that new vascular tissues were produced in places at the graft union site.

In the cross-sections 40 days (Figure 8) and 52 days (Figure 9) after grafting, vascular differentiations
continued within the callus tissue, more new xylem elements were produced by especially rootstock. Callus
cells were located in the union zone, adjacent to the newly formed vascular tissues and forming regular
rows. In some graft samples, cambial continuity was curved towards the middle part of the union (Figure
9). Necrotic areas were seen in places adjacent to cambial differentiations. The establishment of cambial
continuity was affected by these areas. Cambial continuity is shaped like a straight line in some samples,
and curved in some samples by narrowing and expanding in places. Thus, the extension pattern of the new
vascular cambium also affected the positions of the newly formed vascular tissues. Sclerenchymatic cell
groups were encountered in the callus tissue (Figure 8).
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Figure 5. The appearance of the tissues in a cross-section of the union site 26 days after grafting. CL: Callus, NT:
Necrotic layer, NC: New Cambium, NX: New Xylem, XL: Xylem (Safranin, 4x10).
Sekil 5. Asilamadan 26 giin sonra ast bolgesinden alinan enine kesitte dokularin goriiniimii. CL: Kallus, NT: Nekrotik tabaka,
NC: Yeni Kambiyum, NX: Yeni Ksilem, XL: Ksilem (Safranin, 4x10).
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- ? T ! .
Figure 6. The appearance of the tissues in a cross-section of the union site 32 days after grafting. CL: Callus, XL:
Xylem, NT: Necrotic layer, NC: New Cambium, NX: New Xylem (Safranin, 4x10).
Sekil 6. Asilamadan 32 giin sonra asi bolgesinden alinan enine kesitte dokularin goriiniimii. CL: Kallus, NT: Nekrotik tabaka,
NC: Yeni Kambiyum, NX: Yeni Ksilem, XL: Ksilem (Safranin, 4x10).

Figure 7. The appearance of the tissues in a longitudinal section of the union site 32 days after grafting. CL: Callus,
NT: Necrotic layer, NC: New Cambium, XL: Xylem (Safranin/Fast green, 10x10).
Sekil 7. Asilamadan 32 giin sonra asi bolgesinden aliman boyuna kesitte dokularin goriiniimii. CL: Kallus, NC: Yeni Kambiyum,
NT: Nekrotik tabaka, XL: Ksilem (Safranin/Fast green, 10x10).

Y A &' .
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R
days after grafting. CL: Callus,
NC: New Cambium, NT: Necrotic layer, SL: Sclerenchymatic fiber cells, NX: New Xylem, XL: Xylem (Fast green,
4x10).
Sekil 8. Asilamadan 40 giin sonraki enine kesitte kallus icindeki doku farklilagmalari. CL: Kallus, NC: Yeni Kambiyum, NT:
Nekrotik tabaka, SL: Sklerankimatik lif hiicreleri, NX: Yeni Ksilem, XL: Ksilem (Fast green, 4x10).

Figure 8. Tissue differentiation within the callus in a cross-section of the union site 40

Figure 9. The appearance of the tissues in a cross-section of the union site 52 days after grafting. CL: Callus, NC: New
Cambium, NT: Necrotic layer, XL: Xylem (Safranin/fast green, 4x10).
Sekil 9. Asilamadan 52 giin sonra ast bolgesinden alinan enine kesitte dokularin goriiniimii. CL: Kallus, NC: Yeni Kambiyum,
NT: Nekrotik tabaka, XL: Ksilem (Safranin/Fast green, 4x10).
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Figure 10. Appearance of the tissues in a cross-section of the union site 140 days after grafting. CL: Callus, NC: New
Cambium, NT: Necrotic layer, XL: Xylem (Safranin, 4x10).
Sekil 10. Asilamadan 140 giin sonra as1 bolgesinden alinan enine kesitte dokularin goriiniimii. CL: Kallus, NC: Yeni Kambiyum,
NT: Nekrotik tabaka, NX: Yeni Ksilem, XL: Ksilem (Safranin, 4x10).

140 days after grafting, it was observed in the cross-sections of the graft samples that shoot development
continued, that the graft partners were in vascular relationship with each other (Figure 10) and the union
progressed successfully. Callus cells forming regular rows are located in the union site as parenchymatic
cells. Necrotic layers were present in different parts of the union as fragmented and absorbed. On the other
hand, sections from unsuccessful graft samples were also examined, and the failing aspects of union were
evaluated. The development of union was not interrupted in successful grafts where the rootstock-scion
thickness was close to each other and well matched from the cambial zones. However, in unsuccessful
grafts where the rootstock and scion did not match well, the graft partners could not establish cambial and
vascular relationships with each other because their cambial regions were far from each other.

DISCUSSION

The scientific knowledge about the mechanisms underlying graft union in plants is limited (Moore, 1984;
Goldschmidt, 2014). As a result of the re-establishment of vascular connections between graft partners,
long-distance signal transmission between tissues is ensured, cell-to-cell communication is largely
mediated by plasmodesmata channels in the cell wall, which symplastically connect adjacent cells, and
thus rootstock and scion cells form symplastic connections (Pina et al., 2012; Kurotani and Notaguchi, 2021;
Amsbury, 2022).

Adhesion of graft partners, callus formation, establishment of callus bridge, cambial differentiations within
the callus tissue, cambial continuity, production of new vascular tissues from the new cambium, and
establishment of a functional vascular system at the graft site constitute the stages of the graft union
(Hartmann and Kester, 1974; Goldschmidt, 2014). Grafting success and the graft union can be affected by
many factors such as mechanical mismatches of rootstock and scion, desiccation of the tissues, adverse
environmental conditions, failure of callus initiation, failure of adequate vascular differentiation, or
physiological rejection between the tissues (Farsi ve ark., 2016).

In the first stage of graft union, callus tissue is mutually formed after the adhesion of rootstock and scion.
Adequate callus formation at the graft union site in the early period and the establishment of callus bridge
between the graft partners are necessary or the success of the graft. Because, in the later stages of union,
the differentiation of the new cambium tissue and the establishment of cambial and vascular continuity
between graft partners are realized through the callus tissue.
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Callus tissue also plays a role in the disappearance of necrotic layers formed as a result of injury at the graft
interfaces. In this study, callus formation at the graft interfaces was generally slow in the first 2 weeks after
grafting. The callus tissue did not fill all the interfaces in many graft samples, even in the later stages of
union. Necrotic layers were better disappeared in graft samples with sufficient callus. It has been
determined that the amount of callus tissue formed in the early stages after grafting directed the
development of union, and is effective on the disappearance of necrotic layers. Similar anatomical
observations were reported by Senyurt (2017), who examined the development of union in hazelnut
cultivars grafted on Corylus colurna L. rootstock. It has been reported that callus formation occurs more
slowly in hazelnuts during the graft union compared to fruit species such as apple and pear, and regular
high temperatures are required for callus formation (Lagerstedt, 1981; Lagerstedt, 1984). Farsi et al. (2016)
reported that intensive necrotic layers and weak callus formation at the graft site caused the failure and
reduced the survival percentage of plants after transplanting. In this respect, it is thought that the
development of methods that encourage callus formation in hazelnut grafting efforts will increase the
grafting success.

The second stage of graft union is cambial differentiation within the callus tissue (Mahunu et al., 2012). In
related studies, different findings have been reported on the initiation of the first cambial differentiations
in the callus tissue after grafting. Farsi et al. (2016) reported that first cambial cell differentiation in callus
tissue occurred 14 days after grafting in walnut grafts. Kurt and Tekintas (2020) observed it 30 days after
grafting in Pinus pinea L. grafts. It was observed 21 days after grafting in Ercis and Hafizali grape varieties
grafted on 5BB rootstock (Cangi et al., 2000). In this study, the first cambial differentiations in callus tissue
were seen in sections taken 18 days after grafting.

Establishment of cambial continuity following cambial differentiations is essential for the production of
vascular tissues at the graft union site and ultimately for successful completion of union (Mahunu et al.,
2012). The establishment time of cambial continuity on the callus bridge between rootstock and scion may
vary according to graft combinations, grafting techniques and various applications. Establishment time of
cambial continuity between graft partners after grafting were reported to be 3 weeks in pistachio grafts
(Okay and Biiyiikkartal, 2001), 24 days in chip budding and 40 days for patch budding in walnut (Tekintas,
1988), 25-35 days for omega grafts in walnut (Balta et al., 1996a), 45 days in citrus grafting combinations
(Tekintas, 1991), 45 days in chestnut grafts (Balta et al., 1993), 22-30 days for Iskenderiye Misketi grape
variety grafted on Rupestris du Lot rootstock (Balta et al., 1996b), 35-42 days Ercis and Hafizali grape
varieties grafted on 5BB rootstock (Cangi et al., 2000), 30 days minigrafting of walnut (Farsi et al., 2016), 4
weeks in hazelnut patch budding on Corylus colurna L. seedling rootstocks (Senyurt, 2017), 90 days in Pinus
pinea L. grafts (Kurt and Tekintas, 2020) and 100 days in loquat (Eriobotrya japonica L.) grafts (Polat and
Kagka, 1992). In this study, cambial continuity between graft partners was established 32 days after
grafting. It took shape at the graft union site according to the matching position of rootstock and scion and
the density of necrotic areas.

Establishment of vascular tissue connections in graft union constitutes the last stage (Mahunu et al., 2012).
Post-grafting vascular tissue connection in higher plants is usually established 6 to 8 weeks after grafting
(Moore, 1981). At the graft union site, new vascular tissues are produced by the new cambium tissue. In
this study, graft partners were in vascular connection and relationship in sections taken 52 days after
grafting and in the following periods. The necrotic layers did not completely disappear in the later periods
of union, but were absorbed in particles in various parts of the graft union site. Similar observations on
necrotic layers were also reported by many researchers such as Unal and Ozgaglran (1986), Tekintas (1988),
and Polat and Kagka (1992).

CONCLUSION

As a result, the development of the graft union was successful in all stages of the graft samples that
developed sufficient callus tissue in the first 2 weeks after grafting. Early callus proliferation from rootstock
and particularly scion two weeks after grafting was generally slow. The initial cambial differentiations in
callus tissues were seen in sections 18 days after grafting. Cambial continuity between rootstock and scion
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was established 32 days after grafting. The sections in the following periods exhibited that the graft partners
were in vascular relationship. It was observed that the amount of callus tissue proliferated during the first
two weeks after grafting directed the subsequent development of the union. In this respect, it is thought
that developing methods that encourage callus formation in the early periods of the union will increase the
success in related studies. By using rootstock and scion with very close thicknesses, well matching of graft
partners from cambial zones affected the development of union positively and prepared a suitable basis
for early vascular differentiation.
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Yasli Pirasa (Allium porrum L.) Tohumlarinin Cikis ve Fide Gelisimine Hidro ve Osmopriming
Uygulamalarinin Etkisi

Effect of Hydro-and Osmopriming on The Emergence and Seedling Growth of Naturally Aged Leek
(Allium porrum L.) Seeds
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Oz: Tohum kalitesi ve giicii (vigor) sebze iiretiminde verim ve kaliteyi etkileyen en Gnemli faktordiir. Cabuk bozulma 6zelligi gosteren pirasa
tohumlarmin (Allium porrum L. cv. Inegdl) ¢ikis ve giiciinii iyilestirmek igin tohumlar -1.0 MPa osmotik potansiyele sahip PEGewo and KNOs
¢ozeltilerinde (osmopriming) ve suda (hidropriming) farkl stirelerde (6, 12 ve 24 saat) tutulmustur. Daha sonra oda kosullar1 ve sabit 30°C’de ¢ikis
testleri yiiriitiilmiis ve fideler morfolojik olarak degerlendirilmistir. En yiiksek ¢ikis oran1 30°C’de tohumlarin 12 saat siireyle suda bekletilmesi ile
(hidropriming) elde edilmistir. Agirlik, boy, ¢ap ve yaprak sayis: gibi fide 6zelliklerindeki farkliliklar istatistiksel olarak anlamli olmasada, tim
uygulamalar (hidro- ve osmopriming) fide 6zelliklerini iyilestirmis ve en yiiksek vigor indeks degerleri (0.731 and 0.637) 12 saat su ile muamele edilmis
tohumlardan elde edilmistir. Ekimden 6nce pirasa tohumlarinin 12 saat siireyle 1slatilmasi (hidropriming) tavsiye edilebilir.

Anahtar Kelimeler: Allium porrum L., priming, ¢ikis, fide kalitesi

&

Abstract: Seed quality and vigor are the most critical factors affecting yield and quality in vegetable production. In order to improve the emergence
and vigor of leek seeds (Allium porrum L. cv. inegol), has rapidly deteriorating properties, the seeds were kept in PEGeowo and KNOs solutions
(osmopriming) and water (hydropriming) having an osmotic potential of -1.0 MPa at different times (6, 12 and 24 hours) as pre-sowing treatments.
After then, emergence tests were conducted at room conditions and constant 30°C and the seedlings were evaluated morphologically. The highest
emergence rate was obtained at 30°C by keeping the seeds in water (hydropriming) for 12 hours. Although the differences in seedling characteristics
such as weight, height, diameter and number of leaves were not statistically significant, all treatments (hydro- and osmopriming) improved seedling
characteristics, and the highest vigor index values (0.731 and 0.637) were obtained from seeds treated with water for 12 hours. Soaking (hydropriming)
leek seeds for 12 hours before sowing could be recommended.
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GIRIS

Sebzelerde iyi bir gelisme ve yiiksek verimin elde edilmesinde temel kosul, farkli biyotik ve abiyotik stresle
miicadele potansiyelinin gostergesi kabul edilen erken, yeterli cikis ile saghkli geng bitkinin (fidenin)
teminidir. Bunu saglayabilecek baslangi¢ materyali olan tohum, temel ve en kritik girdidir ve giibre, ilag,
su vb. diger girdilere gore ucuz ve en 6nemli bilesen olarak kabul edilir. Ancak kaliteli tohumluk kullanimi
durumunda ekim sonrasi kiiltiirel uygulamalarindan beklenen fayda, yiiksek ve kaliteli verim
saglanabilmektedir (Arin vd., 2021).

Pirasa (Allium porrum L.) saglikli beslenme ve hastaliklardan korunma adina sahip oldugu 6zellikleri ile
One ¢ikan sebze tiirleri arasinda yer almaktadir. Diinya’da, 6zellikle Tiirkiye’nin de yer aldig1 Akdeniz
havzasi pirasanin gen ve onemli tiretim merkezidir (Alan vd., 2016; Garcia-Herrera vd., 2014; Salk vd.,
2008). FAO (2023)'nun 2021 verilerine gore Diinya’da 134 168 ha’da 2 213 183 ton pirasa iiretilmistir.
Tiirkiye'nin pirasa iiretimi ise 168 710 ton olarak gerceklesmistir (TUIK, 2023). Serin iklim sebzesi olan
pirasa yaygin olarak fideden yetistirilir. Pirasa tohumlar: diger sebze tiirlerine gore, genel olarak diisiik ve
uniform olmayan ¢ikis gosterir ve fide yetistirme siiresi uzundur (Krug, 1991; Romano ve Bravi, 2021).
Ulkemizde fide elde etmek igin pirasa tohumlari bélgelere gére degismekle birlikte yaz aylarinda ekilir. Bu
donemde, giiniimiiz kiiresel 1sinma nedeniyle goriilen ekstrem yiiksek sicakliklarin daha siklikla
goriilityor olmasi serin iklim sebzesi olan pirasada c¢imlenme, cikis ve fide gelisimini olumsuz
etkileyebilmektedir. Keza ticari sebze fidesi iiretiminde karlilik icin temel hedef, yiiksek, homojen, hizli
cikis ve fide gelisimini temin etmektir.

Pirasa tohumlari nispeten diisiik sicakliklarda (5-20 °C) ¢imlenmekte, ancak 25 °C'nin {izeri sicakliklarda
¢imlenmede Onemli azalislar goriilmektedir (Corbineau vd., 1994; Parera ve Cantliffe, 1992). Tohumlarin
depo performansi ve Omrii {izerine, iiretim donemindeki kiiltiirel islemler, ¢evre kosullari, tohumun
olgunluk diizeyi gibi bir¢ok faktoriin etki etmesi yaninda tiir ve hatta ¢esidin genetik vasf1 en belirleyici
ozelliktir (Armn, 2018; Arin ve ilbi, 2019). Pirasa tohumlarmnin depo yasaminin uzun olmadigl, uygun
kosullarda bile depolama siiresinin 2 y1l oldugu belirtilmekte (Lorenz ve Maynard, 1988), ve Salk vd. (2008)
tarafindan 5 yildan daha uzun siire saklanan tohumlarda canliligin tamamen kayboldugu ifade
edilmektedir. Hem ticari 6lgekte tohum tiretimi, depolamasi yapan, fide tireten firmalar hem de tiretimini
kendi tohumuyla siirdiiren {ireticiler i¢in pirasa tohumlarin ticarete s6z konusu olabilecek yeterli
canlilikta tutulabilmesi (minimum ¢imlenme orani) keza arzulanan fide gelisim diizeyinin elde edilmesi
oldukc¢a 6nemlidir.

Tohum ekimi sonras: goriilebilen olumsuz ekolojik kosullar ve teknik hatalar ¢imlenme ve fide ¢ikisim
kotiilestirmektedir. Tohum glicii (vigor), elverigsiz yetistirme kosullarinda bile homojen ¢ikis ve fide
gelisim potansiyelini belirleyen énemli bir tohum 6zelligidir (Batool vd., 2015; Sher vd., 2019). Tohumun
ozellikle olumsuz kosullardaki gli¢ ve performansim iyilestirmek igin yapilan ekim oncesi tohum
uygulamalarindan biride priming/tir. Priming ile tohumlara nem girisine imkan verecek sekilde metabolik
faaliyetin baslamasi ve tohumlarin ileri bir fizyolojik asamaya kontrollii kosullarda ulasmasi saglanir (Arin
ve Kiyak, 2003). Bu kapsamda yer alan bir¢ok uygulama igerisinde, tiir ve cesitlere bagh olarak tohum
dokularinin suya farkl afinite gdstermesi ve tohumlarin esit hidrat olmadig1 gibi sakincalar1 yaninda ucuz,
kolay ve gevre dostu olarak gosterilen Hidropriming ve PEG, KNO:s gibi materyallerle osmotik potansiyeli
diizenlenebilir osmotik ¢ozeltiler kullanarak tohumlara kontrollii su girisine imkan saglanan Osmopriming
gibi uygulamalar yer almaktadir (Ali vd., 2020; Eshkab ve Harris, 2020; Farooq vd., 2019; Hussain vd., 2019;
Pagano vd., 2023). Hidro ve osmopriming uygulamalarinin tohum su alim etkinligini arttirarak ytiiksek
sicaklig1 da kapsayan birgok stres sartlarinin olumsuz etkilerini azaltabildigi bildirilmektedir (Elkoca vd.,
2007; Jisha vd., 2013; McDonald, 2000; Ullah vd., 2019). Bir¢ok farkli sebze tohumlarinda yapilan bu
uygulamalarin sonuglarini iceren ¢ok sayidaki ¢alismalarda, uygulamalar sonrasi tohumdaki kazanimlar,
uygulama teknigi, sicaklik, ortam, siire, tiir ve gesitlere kadar bir¢ok faktore gore farklilik gostermektedir
(Lei vd., 2021; Sher vd., 2019; Wagqas vd., 2019).

Bu c¢alismanin baglica amaci, canlilik azalisinin hizli ve fide {iretim siirecinin nispeten uzun oldugu
prrasada, yasl tohumlarin ucuz ve kolay uygulanabilir priming yontemleri (hidro- ve osmopriming) ile
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canlilik ve gliclinii arttirmak ve bu uygulamalarin ¢ikis ve bazi fide morfolojik 6zellikleri {izerine etkisini
belirlemekti.

MATERYAL VE METOT

Denemede bitkisel materyal olarak {iretim y1il1 2018 olan Ineg©1-92 pirasa gesidinin buzdolabinda muhafaza
edilen 3 yillik organik tohumlar: kullamilmistir (Ziya Organik Tarim Isletmeleri A.S., Sarmisakli Ciftligi,
Liileburgaz/Kirklareli). Tohumlarin deneme baslangicinda ¢imlenme orani %82 ve 1 000 tane agirlig: 3.233
g olarak belirlenmistir. Hidropriming icin saf su, osmopriming icin 6zellikle pirasa ile yiiriitiilen 6nceki
calismalar da dikkate almarak PEGeoo ve KNOs ile -1.0 MPa osmotik potansiyele sahip ¢ozeltiler
hazirlanmistir (Arin, 1995; Brocklehurst vd., 1984; Corbineau vd., 1994; Dearman vd., 1987; Ibrahim, 2019;
Lei vd., 2021; Parera ve Cantliffe, 1992). Cozeltilerin osmotik potansiyellerinin diizenlenmesinde Michel
and Kaufman (1973) ile Kacar vd. (2002)’den yararlanilmistir.

Tohumlar osmotik ¢ozelti ve su uygulamalar i¢in boyutlar1 17 x 12 x 6 cm olan steril hale getirilmis
tabanina 2 katli kurutma kagidi serilen, igerisinde yaklagik 15 ml ¢dzelti ya da saf su bulunan kilitlenebilir
kaplarda 20 + 1 °C’de karanlikta 6, 12 ve 24 saat siireyle tutulmus daha sonra akan su altinda 1 dk stireyle
yikanmis ve 3 kez saf sudan gegirilerek oda kosullarinda baslangi¢ nem iceriklerine kadar kurutulmustur
(Sekil 1a)

Cikis testlerinde pH'1 6.0, EC degeri 0.40 dS/m olan ve 14:10:18 oranlarinda NPK giibre ilavesi yapilmis
ticari sebze fidesi {iretimine uygun torf kullanilmistir (Klassman Potground-H, Doktor Tarsa Tarim San. ve
Tic. A.S., Antalya-Tiirkiye). Tohumlar, her bir g6ziin 40 cc hacme sahip oldugu torf doldurulmus ¢ok gozlii
kaplara yaklasik 1 cm derinliginde ekilmistir. Ekim sonrasi, kaplarin yaris1 sicakhigin degisken oldugu
odaya, kalan yaris1 da stres kosullar1 olarak kabul edilen 30 °C sabit sicakliga (pirasa igin sicaklik stresi)
ayarlanmis iklim dolabina birakilmistir (Sekil 1b,c). Her iki ortamda da ¢ikis bagladiktan sonra giinde 14
saat slireyle fotosentetik akis yogunlugu yaklasik 195-210 pmol m? s olacak sekilde aydinlatma
yapilmustir. Sicaklik ve oransal nemin giinliik kayit alinarak izlendigi oda kosullarinda maksimum ve

minimum sicakliklar ve oransal nem degerleri sirast ile 32.5 °C, 17.3 °C ve %69, %28 araliklarinda yer almis
ve ortalama degerler 28.1 °C, 23.0 °C ve %52, %41 olarak kaydedilmistir. Iklim dolabinda ise deneme
suiresince sicaklik 301 °C ve oransal nem %6515 olarak sabit tutulmustur.

Sekil 1. Tohum uygulamalari (a), oda kosullarinda ¢ikis, fide testi(b), sabit yiiksek sicaklikta (30 °C) ¢ikis, fide testi (c)
Figure 1. Seed priming (a), emergence, seedling test at room temperature (b), emergence, seedling test at costant high temperature
(30 °C) (c)

Cikis kayitlar: her giin alinmis ve kotiledon ucu yetistirme ytiizeyinden ayrilip dik hale gelenler (bayrak
safhas1) ¢tkmig olarak kabul edilmistir (Arin vd., 2021).

Ortalama cikis siiresi (OCS) giin olarak asagidaki esitlik (1)’e gore hesaplanmustir.

0CS = Inxt/En 1)

n = t zamaninda yeni ¢tkmus fide sayisi, t = Ekimden sonrasi giin sayisi, Zn = Toplam ¢ikmis fide sayist

Vigor indeks Mereddy vd. (2000)’e gore hesaplanmistir (Esitlik 2)

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

137


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

Levent ARIN, Omer CERENGE

=@ @@ e

G1 = Cikmus tohum sayisi (ilk sayim), D1 = Ik sayima giin sayisi, GL = Cikmis tohum say1s1 (son sayim), ve
DL = Son sayima giin say1si

Her bir uygulama ve tekerriirden tesadiifen se¢ilmis beser adet fide 6rneginde 6l¢lim, sayim ve analizler
gerceklestirilmistir. Yetistirme ortamindan alinan fidelerin koklerindeki ortamu (torf) uzaklastirmak igin
fideler 6nce su dolu kap igerisinde bekletilmis sonra akan su altinda dikkatlice yikanmis ve yiizey suyunu
uzaklastirmak icin kagit havlu tizerinde kurumaya birakilmigtir. Taze agirliklari, 0.0001 g’a hassas tartida
belirlenen fidelerde gortilebilir yaprak sayisi kaydedilmis, dijital kumpas ile fide yetistirme hattinin hemen
tizerinden govde ¢aplari Ol¢iilmiis, fide kok bogaz ile yaprak ug noktasi esas alinarak fide uzunluklar
tespit edilmistir. Daha sonra fide kuru agirligs, fidelerin 65°C’de 48 saat kurutulmasiyla belirlenmistir.

Deneme, 3 farkli priming ajani (saf su, PEGeoo ve KNOs) ve 3 uygulama siiresi (6, 12 ve 24 saat) ve uygulama
gormeyen tohumlarinda (kontrol) yer aldig1 tesadiif parselleri deneme deseninde 3 tekerriirlii olarak
kurulmus tiim veriler varyans analizine tabi tutulmus ve ortalama degerler arasindaki farkhiliklar LSD
testiyle karsilastirilmistir. Yiizde degerler i¢in istatistik hesaplama 6ncesi arc Sin’e doniistiiriilmiis ancak
sonuglar ¢izelgelerde gercek degerler olarak sunulmustur.

BULGULAR VE TARTISMA

Oda kosullarinda yiriitiilen denemede, istatistiki anlamda 6nemli olmasa da 24 saat KNOs uygulamasi
hari¢ tiim tohum uygulamalari, kontroliin sahip oldugu %66.6'lik cikis oranindan daha yiiksek ¢ikis
degerlerine ulasmistir (Cizelge 1). Sabit yiiksek sicaklikta ise %100 ¢ikis orani ile 12 saat saf suda tutulan
tohumlar diger tiim uygulamalarindan 6nemli farklilik gostermistir. Her iki yetistirme ortamda, 11.40 ile
6.36 giin arasinda degisen ortalama ¢ikis siireleri arasindaki farkliliklarin 6nemli olmadig belirlenmistir.
Vigor indeks bakimindan ise oda kosullarinda tiim uygulamalarin aldiklar: degerler kontrolden (0.344)
daha ytiiksek olmus, hem oda kosullar1 hem de 30 °C’de 12 saat siireyle suyla muamele edilen tohumlarin
en yiiksek vigor indeks degerine ulastiklar1 goriilmiis (sirasiyla 0.731 ve 0.637), ancak bu farkliliklarin
istatistiki olarak dnemli olmadig: belirlenmistir (Cizelge 1).

Cizelge 1. Tohum uygulamalarinin oda kosullari ve sabit yiiksek sicaklikta (30 °C) ¢ikis orani (%), gikis siiresi (giin) ve
vigor indeks {izerine etkisi

Table 1. Effect of seed priming on emergence percentage (%), emergence time (days) and vigor index at room conditions and
constant high temperature (30 °C)

Oda kosullar1 30°C
Uygulamalar . .. . ..
Saat  Cikis oran1 Cikis siiresi Vigor indeks Cikis orani Cikais siiresi Vigor indeks
6 90.40 11.03 0.523 762 b 8.60 0.469
PEG 12 80.90 10.43 0.444 619b 6.36 0.425
24 90.50 9.76 0.730 66.6 b 7.20 0.434
6 85.70 10.13 0.719 76.2b 9.16 0.506
KNO:s 12 80.90 9.46 0.495 714Db 7.60 0.448
24 61.70 6.76 0.606 61.8b 7.23 0.416
6 90.40 11.00 0.559 809 b 8.70 0.518
Saf su 12 90.50 10.53 0.731 100.0 a 11.40 0.637
24 84.30 8.63 0.419 76.1b 8.10 0.517
Kontrol 66.60 8.26 0.334 714b 8.20 0.453
OD* O.D. O.D. p<0.05 OD. O.D.
* Onemli degil
———
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Oda kosullarinda yetistirilen fidelerin 6zelliklerinde, uygulamalara bagli olarak goriilen farkliligin 6nemli
olmadig1 belirlenmistir (Cizelge 2). Bununla birlikte en yiiksek fide taze agirlik degeri (1.33 g) 12 saat
siireyle suda tutulan tohumlardan elde edilmis ve tiim uygulamalar kontrolden daha yiiksek ya da esit
fide yas ve kuru agirlik degerleri vermistir. Benzer sekilde tiim tohum uygulamalarindan elde edilen
fidelerin gaplar1 kontrol bitkilerinde goriilen ortalama 2.51 mm’den daha yiiksek olmustur.

Cizelge 2. Tohum uygulamalarinin oda kosullarinda fide taze agirligi (g), fide kuru agirligi (mg), fide boyu (cm), fide
cap1 (mm) ve yaprak sayisi (adet) iizerine etkisi

Table 2. Effect of seed priming on seedling fresh weight (g), seedling dry weight (mg), seedling height (cm), seedling diameter (mm)
and number of leaves at room conditions

Uygulamalar Saat Taze agirlik Kuru agirlik Fide boyu Fide cap1 Yaprak sayis1
6 1.20 167 27.86 2.96 4.22
PEG 12 0.99 153 26.44 2.70 3.77
24 1.28 153 26.99 2.80 4.00
6 1.30 190 28.02 2.82 3.88
KNOs 12 1.04 133 28.10 2.92 3.33
24 1.22 146 28.11 3.02 3.77
6 1.04 173 28.56 2.68 3.89
Saf su 12 1.33 176 27.19 2.67 4.11
24 1.19 170 27.08 2.62 3.89
Kontrol 0.97 133 26.83 2.51 3.78
O.D.* O.D. O.D. O.D. O.D.

* Onemli degil

Prrasa icin yiiksek sicaklik stres ortami olarak kabul edilen 30 °C’de yiiriitillen denemede ise fide
ozelliklerinin tiimiinde oda sartlarindakilere kiyasla gerileme oldugu soylenebilir (Cizelge 3). Tohum
uygulamalar: arasinda goriilen farkliligin 6nemli olmamasina ragmen 24 saat suda tutulan tohumlardan
elde edilen fidelerin taze ve kuru agirliklar ile fide boylarinin digerlerinden daha yiiksek oldugu
goriilmektedir.

Cizelge 3. Tohum uygulamalarinin sabit yiiksek sicaklikta (30 °C) fide taze agirligt (g), fide kuru agirligr (mg), fide
boyu (cm), fide cap1 (mm) ve yaprak sayisi (adet) iizerine etkisi

Table 3. Effect of seed primings on seedling fresh weight (g), seedling dry weight (mg), seedling height (cm), seedling diameter
(mm) and number of leaves at constant high temperature (30 °C)

Uygulamalar Saat Taze agirlik Kuru agirlik Fide boyu Fide cap1 Yaprak sayis1
6 0.44 37 20.54 1.69 3.10
PEG 12 0.41 33 20.39 1.49 3.47
24 0.28 21 17.17 1.69 2.96
6 0.42 34 2212 1.60 3.56
KNOs 12 0.27 22 18.32 1.26 2.77
24 0.29 25 16.26 1.50 2.87
6 0.37 30 21.28 1.82 3.33
Saf su 12 0.40 32 21.34 1.55 3.10
24 0.47 40 22.28 1.61 3.37
Kontrol 0.34 29 18.04 1.45 3.57
O.D.* O.D. O.D. O.D. O.D.
* Onemli degil

Priming genel olarak tohum performansini arttirmaya doniik ekim 6ncesi tohum uygulamalarindandir.
Beklenen faydanin derecesi literatiirde bir¢ok drnegine rastlandigi gibi uygulama teknigi, sicaklik, ortam,
siire, tiir ve gesitlere kadar bir¢ok faktore gore degismektedir. (Lei vd., 2021; Sher vd., 2019; Waqas vd.,

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

139


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

Levent ARIN, Omer CERENGE

2019). Ekim oncesi uygulamasi olarak PEG ¢ozeltisinin kullanildig1 ve ¢imlenme iiniformlugunun arttig1
ve ¢imlenme siiresinin azaldigini bildiren ¢alismalarda ¢cimlenme testleri pirasa i¢in optimum olarak kabul
edilebilecek 15 °C’de yiiriitiilmiistiir (Bray vd., 1989; Brocklehurst vd., 1984). Corbineau vd. (1994) pirasa
tohumlari i¢in PEGeoo ile -1.5 MPa ‘nin tizeri osmotik potansiyele sahip ¢ozeltilerin, pirasa tohumlarinin
oksijen eksikligine duyarli olmasi nedeniyle uygun olmadigin belirtirken, 15 °C’deki uygulamalar icin 7-
10 giinliik siireyi Onermistir. Parera ve Cantliffe (1992), 15 °C’de 10 giin siireyle PEG (-1.5 MPa) ile tohum
uygulamasinin yiiksek sicaklik stresi altindaki pirasa tohumlarinda ¢imlenme ve ¢ikisi iyilestirdigini,
ancak sera denemelerindeki degisken yiiksek sicaklikta Mannitol, PEG, KNOs ve kontrol arasindaki ¢ikis
oranlar1 bakimindan goriilen farkin 6nemli olmadigini ifade etmislerdir. Diger tiirlerde yiiriitiilen bazi
calismalarda da Ornegin, uygulama sicakliginin etkisinin farkl sebze tiirlerinde test edildigi bir calismada
gal soganinda KH2POs, soganda Ca(NOs): ile kombine edilmis PEG uygulamalarinda, ortalama ¢imlenme
siiresini azalirken, ¢imlenme oraninda bir farklihk goriilmemistir (Jeong vd., 2000). Singh vd. (2014),
soganda 2 giinii asan uygulama siiresinin tohum ¢imlenmesinde azalisa yol a¢tigini ve en yiiksek ¢cimlenme
oraninin 24 saatlik uygulama siiresinden elde edildigini bildirmektedir. Arin (1995), sert kabukluluk
nedeniyle ¢cimlenme, ¢ikis giigliigii gosteren kuskonmaz tohumlarini -1.2 MPa osmotik potansiyele sahip
PEG c¢ozeltisi igerisinde farkli siirelerde tutmus ve uygulama ile ortalama cikis siiresi kisalirken ¢ikis
oraninda istatistiki bir farkin olmadigin1 belirlemistir. Zaitialia vd. (2021) ise farkhi siire ve
konsantrasyonlarda su, KNOs ve salisilik asit ¢ozeltilerinde tuttuklar1 domates tohumlarinda uzun siireli
hidropriming (4 giin) ve %1.2 KNOs uygulamalarinda diisiik ¢cimlenme orami ve hizi gorildigiinii
bildirmekte ve 24 saat siireyle hidroprimingi tavsiye etmektedirler. Bu ¢alismada da, 30 °C’deki ¢ikis oran
harig pirasa cikis ve fide 6zellikleri bakimindan uygulamalar arasindaki farkliliklarin istatistiki 6nemlilikte
olmamasi, materyal olarak kullanilan tohumun baslangi¢ ¢cimlenme oraninin nispeten yiiksek olmasi
(%82), yukarida belirtilen ¢alismalarda kullanilan priming ajan ve siirelerindeki farkliliklar nedeniyle
olabilir. Bu sonucun yaninda, oda kosullarinda tiim uygulamalarda kontrolden daha yiiksek ¢ikis orani,
fide taze agirlig1 ve cap ile vigor indeks degerleri kaydedilmis ve stres sicaklig1 olarak secilen 30 °C’de en
diisiik fide cap1 kontrolde belirlenmistir.

SONUC

Bu calismada yer alan her iki ¢ikis ve fide yetistirme ortamindan (oda kosullari, 30 °C) elde edilen sonuglara
gore pirasa tohumlarinin ekim oncesi 12 saat siireyle saf suda tutulmas: (hidropriming) Onerilebilir
bulunmustur.
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Role of the Fungal Flora on Kernel Rot of Chestnuts
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Abstract: In order to determine the fungi causing kernel rot on chestnut, 150 chestnut kernels were collected from chestnut forests of Diizce province.
Ninety-eight of the kernels showed necrosis at various sizes, while the rest of 52 were healthy in appearance. Twelve fungi were recovered from the
necrotic kernels, while four from the healthy kernels. The most frequently isolated fungus from the necrotic kernels was Gnomoniopsis smithogilvyi,
obtained from 24 of the kernels. It was also isolated from 5 healthy kernels and produced necrosis when inoculated on the intact kernels. Besides G.
smithogilvyi; 11 fungi; Diplodina castanea (1), Botrytis cinerea (6), Aureobasidium sp. (4), Alternaria alternata (2), Alternaria tenuissima (1), Penicillium spp. (19),
Trichoderma sp. (12), Cladosporium sp. (2), Cylindrocarpon sp. (2), Mucor sp. (10), Rhizopus stolonifer (5) and bacterial growth were also recovered from
necrotic kernels. On the other hand, G. smithogilvyi (5), Penicillium sp. (9), Trichoderma sp. (6), Mucor sp. (3) and bacterial growth were also found out from
the symptomless kernels. G. smithogilvyi, D. castanea, B. cinerea, Cladosporium sp. and Penicillium sp. produced necrosis at varying rates when inoculated
on to intact kernels. Compared to other species, Penicillium sp. showed the lowest rate of pathogenicity, which was the dominant fungus on the healthy
fruits and recovered from 9 of them.

Keywords: Castanea sativa, chestnut rot, fungal flora

&

Oz: Meyve ciiriikliigiine neden olan funguslar belirlemek icin, Diizce ilinde bulunan kestane ormalarindan 150 adet kestane meyvesi toplanmustir.
Toplanan meyvelerin 98 tanesinde farkli dlgiilerde nekrozlar goriilmiis olup, 52 adedinin ise semptomsuz oldugu gézlenmistir. Nekrozlu meyveden 12
farkli fungus tespit edilirken, saglikl meyvelerden 4 farkli fungus tespit edilmistir. Nekrozlu meyvede en sik rastlanan fungus Gnomoniopsis smithogilvyi
(24) olmustur. Ayrica semptom gostermeyen 5 meyveden de bu fungus izole edilmistir. Gnomoniopsis smithogilvyi'nin yamsira, nekrozlu meyvelerden
Diplodina castanea (1), Botrytis cinerea (6), Aureobasidium sp. (4), Alternaria alternata (2), Alternaria tenuissima (1), Penicillium spp. (19), Trichoderma sp. (12),
Cladosporium sp. (2), Cylindrocarpon sp. (2), Mucor sp. (10), Rhizopus stolonifer (5) olmak {izere 11 fungus izole edilmis ve bakteriyel gelismeler tespit
edilmistir. Semptomsuz meyvelerde ise G. smithogilvyi (5), Penicillium sp. (9), Trichoderma sp. (6), Mucor sp. (3) ve bakteriyel gelismeler tespit edilmistir.
Meyvelerden izole edilen G. smithogilvyi, D. castanea, B. cinerea, Cladosporium sp. ve Penicillim sp. olmak {izere 5 tiiriin patojenitesi yapilmis olup, meyvede
patojen oldugu saptanmustir. Penicillium sp. diger tiirlere gore az da olsa patojenite gostermistir. Semptomsuz meyveden yapilan fungus izolasyonunda
ise en sik tespit edilen Penicillium sp. (9) olmustur.
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INTRODUCTION

Sweet chestnut or European chestnut (Castanea sativa Mill.) not only grows in about 81.232 ha as a forest
tree but is also grown as a fruit tree in Turkey (OGM, 2020). According to the FAO statistics, Turkey takes
the fourth place on chestnut fruit production in the world (FAOSTAT D, 2023). Chestnut is a tree with
multipurpose use and along with its edible fruits it has a wide range of beneficial uses such as timber,
coppice, wood, honey production, etc. (Conedera et al., 2016).

Along with serious pests and diseases occurring on chestnut trees, fruit rots have also attracted attention
of the researchers recently (Sieber et al., 2007) and Ciboria batschiana (Zopf) N.F was reported as the main
causal agent of black fruit rot up to 2000s (Vettraino et al., 2005; Blaiotta et al., 2014).

After 2000s, an increase on the chestnut fruit rot in Europe and Australasia was observed by the growers
and Gnomoniopsis smithogilvyi Tamietti (Synonym: Gnomoniopsis castaneae) (Gnomoniaceae, Diaporthales) was
reported as the main cause of fruit rot (Smith and Agri, 2008; Gentile et al., 2009; Visentin et al., 2012;
Tamietti, 2016). Gnomoniopsis smithogilvyi was found to cause necrosis on the endosperm and embryos of
the fruits and described as the causal agent of brown rot on chestnut fruit (Shuttleworth et al., 2012a, 2015).
In addition to G. smithogilvyi, other fungi such as Phomopsis viterbensis, P. castanea, P. endogena, Phoma
endogena, Gnomonia pascoe, Dendrostoma castaneum were also recovered from chestnut fruits having brown
rots (Maresi et al., 2013; Jaklitsch and Voglmayr, 2019).

Many other fungi were also mentioned to cause chestnut fruit rot. Using 350 fruits, Overy et al. (2003),
isolated three mycotoxin-producing Penicillium spp., Penicillium glabrum, P. crustosum, and P. discolour as
the dominant fungi in Canada while Ciboria bastiana, Penicillium sp., Mucor hiemalis were the prevailing
species in Switzerland (Jermini et al., 2006). In China, Xiao-qing et al. (2009) determined 13 fungi; Alternaria
sp., Aureobasidium sp., Botrytis sp., Colletotrichum sp., Penicillium sp., Phoma sp., Phomopsis sp., Trichothecium
sp., Fusarium sp., Fusicoccum sp., Rhizoctonia sp., Mucor sp., and Rhizopus sp. on the fruits with and without
decay symptoms and four of them; Alternaria sp., Fusarium sp., Fusicoccum sp. and Trichothecium sp.
produced decay when inoculated on the intact fruits. Similar fungi; Acrospeira mirabilis, Botryotinia
fuckeliana, Botryosphaeria ribis, Coniophora puteana, Gibberella sp., Penicillium chrysogenum, P. griseofulvum, P.
expansum, and Sclerotinia sclerotiorum were also determined on chestnut fruits in Michigan (Donis-Gonzalez
etal., 2016). Apart from the above-mentioned fungi, Colletotrichum acutatum was detected from the chestnut
fruits having pink discolorations (Gaffuri et al., 2017).

Gnomoniopsis smithogilvyi was admitted as the main agent of brown rots of chestnut fruits in Europe,
Australia, and New Zealand by many authors (Shuttleworth et al., 2012a, 2012b; Visentin et al., 2012;
Dennert et al., 2015; Lione et al., 2015; Tziros, 2018; Aguin-Casal et al., 2022) and it was also isolated from
various trees belonging Betulaceae, Fagaceae, Oleaceae and Pinaceae including Corylus avellana L. (Linaldeddu
et al. 2016), Fraxinus ornus L., Quercus cerris L., Pinus pinaster Aiton (Fernandez et al. 2017; Lione et al. 2019),
and Quercus ilex L. (Shuttleworth et al., 2012b). Besides fruit rot, it was reported to cause cankers on
chestnut and hazelnut, galls on chestnut, and necrosis on the leaves of chestnut and oak (Magro et al., 2010;
Linaldeddu et al., 2016; Pasche et al., 2016; Jiang et al., 2021). The pathogen was also determined on chestnut
fruit and boxwood trees in Turkey (Akill1 Simsek et al.,, 2019; Cakar and Simsek, 2022).

The aim of this work was; (1) to determine fungal flora on chestnut fruits collected from Diizce province,
(2) to find out their roles on fruit rot.

MATERIAL AND METHOD

Sampling

Total of 150 chestnut fruits were collected from the ground under the 15 selected chestnut trees, 1-2 km
apart, being 10 fruit from each, situated at forests administered by Diizce Forest Management Directorate
of Bolu Regional Forestry Directorate situated at 40°47'47.92" North, 31°20'22.34" East coordinates.
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Method

Isolation of Fungi from Nuts

The chestnut fruits were first examined under a stereomicroscope, and 98 fruits having necrosis and 52
asymptomatic ones were disinfected in 0.5% sodium hypochlorite (NaOCI) for 4 min. Fruit tissues from
each of the necrotic fruits about 0.5 x 0.5 cm containing the necrotic and intact areas were dissected, plated
on potato dextrose agar (PDA; Difco, Sparks, MD, USA, adjusted to pH 4.5 by 125uL L lactic acid) and
incubated at 25 °C for 4 days. Samples at the same size were taken from the centres of asymptomatic fruits
and treated as mentioned above. Incubated plates were examined at 2-8 days intervals and mycelial tips
from the growing fungi were removed and plated on PDA. The obtained fungal cultures were identified
based on their morphological aspects described by the references (Barnet and Hunter, 1972; Sutton, 1980)
and stored in the laboratory at the Biology Department, Science Faculty of Cankir1 Karatekin University.

DNA Isolation

DNA isolations were performed by using ten days old fungal cultures grown on PDA and employing
DNeasy Plant Mini Kit (Qiagen Inc., Valencia, CA, USA) according to the manufacturer directions. The
obtained DNA was dissolved in ultra-pure water and stored 20 °C.

PCR Studies

For molecular identification of G. smithogilvyi, Diplodina castanea, Penicillium sp., B. cinerea, and Cladosporium
sp. primer sets of ITS1/ITS4 (White et al., 1990) for Internal Transcribed Space region, Bt2a/Bt2b (Glass and
Donaldson, 1995) for p-tubulin (fub2), EF-728F/1199R (Walker et al., 2010) for the translation elongation
factor 1 o (TEF)were used for DNA amplification of the relevant gene regions. PCR was carried out in 50
pL reaction mix of 40 ng template DNA, 1x FirePol PCR Buffer BD (0.8 M Tris-HCl, 0.2 M (NHs), 1 pL (10
uM) for each primer, 200 uM dNTPs, 1 unit of FIREPol Tag DNA polymerase (Solis Biodyne, Tartu, Estonia)
by using T100 thermal cycler (Bio-Rad, Hercules, CA, USA). The reaction was started by denaturation at
94 °C for 5 min, run 45 cycle as denaturation at 94 °C for 45 sec, annealing at varying temperatures (52, 53,
55 °C for ITS, TUB, TEF, respectively) depending on the primer for 45 sec, extension at 72 °C for 90 s, and
final extension at 72 °C for 6 min.

PCR products were run in 1.4% agarose gel in 10 pL 1x TAE buffer, stained with ethidium bromide, and
visualized under UV by using trans illuminator (Vilber, Deutchland, Eberharedzell, Germany). Row DNA
sequence data was processed by using MEGA X software (Kumar et al., 2018) and the obtained sequences
were blasted into GeneBank for comparisons.

Pathogenicity of Fungi on Nuts

In order to determine the role of five fungi on fruit decay, one isolate from each of them was used as; G.
smithogilvyi Gc_01 accessed to GenBank as ON326601 (ITS), ON337137 (TUB), ON337136 (TEF); D. castanea
Dc_85 accessed to GenBank as OP837526 (ITS); Penicillium sp. Pc_70 accessed to GenBank as OQ354382
(ITS); B. cinerea Bc_31 accessed to GenBank as OQ354380 (ITS).; Cladosporium sp. C_53 accessed to GenBank
as 0Q354381 (ITS).

A sufficient number of asymptomatic chestnut fruits for the inoculation of 5 fungi were selected and first
soaked in 75% alcohol for 1 min, then 1.25% sodium hypochlorite for 3 min and later on rinsed with sterile
water for 2 min to disinfect them. Wells, seven mm in diameter were drilled on the disinfected fruits and
the outer and inner skins were removed to see the interior fruit tissue to check their health status. Ten
asymptomatic fruits were inoculated by each of the five fungi by placing culture disks taken from the
peripheries of young cultures on to the wells and covering the inoculation point with a damp cotton wool,
then sealing the inoculation points with Parafilm (Jiang and Tian, 2019) (Figure 1 a, b, ¢, d). The inoculated
fruits were kept at 25 °C in dark and the decay was evaluated for 15 days by measuring the necrotic areas
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(a) (b)

(c)

Figure 1. The pathogenicity test on nuts, a) drilling a well on the skin, b) healthy looking inner tissue of a nut c)
placing the fungal culture on the wells d) wrapping the wounded nut with moist cotton and Para film.
Sekil 1. Meyvelerde patojenite testi, a) kabukta delik agilmas1 b) bir meyvenin saglikli goriinen i¢ dokusu c) deliklere fungal
kiiltiiriin yerlestirilmesi d) yaralanmis meyvenin, nemli pamuk ve parafilm ile sarilmast.

RESULTS AND DISCUSSION

Disease Symptoms

Necrosis in various colours; brown, white, green, cream and black, and sizes were seen on 98 of the 150
nuts (Table 1, Figure 2), and no symptoms were observed on the remaining 52 nuts. Almost two-third of
the chestnut nuts collected from forests of Diizce province was found to have various types of necrosis,
and twelve fungi were isolated from these fruits. Some of the fungi, such as Alternaria alternata, Botrytis
cinerea, Cladosporium sp., Trichoderma sp., Penicillium spp., and Rhizopus sp. were also found by the other
researchers previously (Akilli et al., 2011; Dennert et al., 2015; Shuttleworth et al., 2015). The sizes and
colours of chestnut fruit decay showed wide variations and mainly observed as brown, brown-black, green,
cream and white discolorations. Gnomoniopsis smithogilvyi was the dominant fungus on fruit decay and it
was generally isolated from brown and white rots. Penicillium sp. were the second most frequently
recovered fungus and occurred on all types of decays.

Table 1. Symptoms observed on rotten fruits and the fungi obtained from them.
Cizelge 1. Meyvelerde goriilen ciiriime belirtileri ve bunlardan elde edilen etmenler.

Necrosis symptoms The fungi recovered

Brown rot Gnomoniopsis smithogilvyi, bacteria, Penicillium spp., Rhizopus stolonifer
Trichoderma sp., Alternaria alternata, Alternaria tenuissima, Aureobasidium sp.,

Green rot Penicillium sp., Trichoderma sp.

Brown to black rot Gnomoniopsis smithogilvyi, Diplodina castanea, Penicillium sp., Botrytis cinerea,
Trichoderma sp., Cladosporium sp.

White rot Gnomoniopsis smithogilvyi, Penicillium sp., Cylindrocarpon sp.

Cream colour decay Bacteria, Gnomoniopsis smithogilvyi, Aureobasidium sp, Penicillium sp.,

Trichoderma sp.
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Figure 2. Symptoms caused by Gnomoniopsis smithogilvyi on the fruits; brown rot and cream colour softening (a, b)
green decay and white rot caused by Penicillium sp. (c, d).
Sekil 2. Gnomoniopsis smithogilvyi'nin meyve iizerinde olusturdugu kahverengi ciiriikliik ve bej renkli yumugama (a, b),
Penicillium sp.'nin neden oldugu yesil ciiriime ve beyaz ¢iiriime(c, d).

Fungi Obtained from Necrotic Kernels

The twelve fungi obtained from 98 necrotic fruits are as following with their percentages; G. smithogilvyi
(24), D. castanea (1), B. cinerea (6), Aureobasidium sp. (4), A. alternata (2), A. tenuissima (1), Penicillium spp.
(19), Trichoderma sp. (12), Cladosporium sp. (2), Cylindrocarpon sp. (2), Mucor sp. (10), R. stolonifer (5), and
bacterial growth (5). Gnomoniopsis smithogilvyi was generally isolated individually but sometimes it
occurred simultaneously with Penicillium sp., Trichoderma sp. as mentioned by the other authors, the most
widely encountered fruit rot agent was G. smithogilvyi in this study (Dennert et al., 2015; Visentin et al.,
2012). Diplodina castanea has not been reported from chestnut fruits so far but from other tissues
(Adamcikova et al., 2013). Occurrence on fruit rots is the first report for Turkey.

Identification of some of the well-known fungi were done by their morphological characteristics described
in the related sources and internet. Identification of G. smithogilvyi, D. castanea, Penicillium sp., B. cinerea,
and Cladosporium sp. was also confirmed by molecular tools. A BLASTn search of the sequences G.
smithogilvyi [GenBank accession nos. ON326601 (ITS), ON337137 (tub-2), ON337136 (TEF)] showed 99.82,
100.00, and 100.00% nucleotide identity with the ITS (Accession no. NR_166040), tub-2 (Accession no.
KX929733), and TEF (Accession no. LN999975); D. castanea [OP837526 (ITS)] displayed 99.79% nucleotide
homology with the ITS (KX929760). B. cinerea [OQ354380 (ITS)] displayed 99.80% nucleotide homology
with the ITS (MK748141). Cladosporium sp. [O0Q354381 (ITS)] displayed 100% nucleotide homology with the
ITS (HGO008746). Penicillium sp. [0Q354382 (ITS)] showed 100% nucleotide homology with the ITS
(MK775828).
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Gnomoniopsis smithogilvyi first grew pale brown on the culture plates, after, on the 10. days the colour
became darker brown with the formation of intensive acervuli (Figure 3a). The conidia were hyaline,
fusiform, one-celled and 5.0-7.5 x 1.7-3.2 pm (average 5.8 x 2.3 um) (n=30) (Figure 3b). Colonies of Diplodina
castanea were dark brown on the 10. day with undulate margins (Figure 3c), having guttulate, ellipsoid,
hyaline, fusiform, dull brownish-grey conidia of 6.0-12.2 x 2.1-3.7 um (average 9.2 x 2.7 um) (n=30)
dimensions (Figure 3d).

T{f.“ﬁnn

Figure 3. Growth of of Gnomoniopsis smithogilvyi on PDA medium (a), Its conidia (b), Growth of Diplodina castanea on
PDA (c), its conidia (d).
Sekil 3. Potato dekstrose agar ortaminda gelisen (a) Gnomoniopsis smithogilvyi'nin (c) Diplodina castanea morfolojik goriintiisii,
b) G. smithogilvyi, (d) D. castanea’nin konidiumlari.

Fungi Obtained from Symptomless Nuts

From the samples taken from the interior parts of the asymptomatic nuts, four fungi; G. smithogilvyi,
Penicillium sp., Trichoderma sp., Mucor sp. and bacterial growth were isolated at 5, 9,6, 3, and 4 of the samples
respectively. Gnomoniopsis smithogilvyi which is admitted to be endophytic on chestnuts (Dennert et al.,
2015) was also recovered from asymptomatic fruits along with Penicillium sp., Trichoderma sp., and Mucor
sp. The presence of G. smithogilvyi in asymptomatic fruits implies that symptomless fruit could develop
fruit rot during storage.

Pathogenicity of The Fungi

The isolates of G. smithogilvyi Gc_01, D. castanea Dc_85, B. cinerea Bc_31, and Cladosporium sp. C_53 recovered
from the necrotic fruits produced an average of 1.7, 1.5, 2, and 2 cm necrosis on the fifteenth days of the
inoculations (Figure 4a, b, ¢, d). Penicillium sp. Pc_70 isolate produced smaller decays, an average of 0.7 cm.
on the 15. days then the other isolates tested. No rot was observed on the control fruits. When inoculated
on to the intact chestnut fruits, G. smithogilvyi and D. castanea produced rapid decay. The other fungi also
produced necrosis on the intact fruits, Penicillium sp. being the weakest, as mentioned by Liang and Wang,
2003.
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Figure 4. Decay formed by (a) Gnomoniopsis smithogilvyi, (b) Botrytis cinerea (b), Diplodina castanea (c) Cladosporium sp.
(d) isolates of Gc_01, Dc_85, Bc_31, and C_53 respectively on the 15. days on the intact chestnut fruits.
Sekil 4. Patojenite testlerinde Gnomoniopsis smithogilvyi Ge_01 (a,) Botrytis cinerea Bc_31 (b), Diplodina castanea Dc_85, (c)
ve Cladosporium sp. C_53 (d) izolatlarimin saglam kestane meyvelerinde olusturdugu ciiriimeler.

CONCLUSION

Chestnut is an economically important tree due to its multiple benefits for edible fruits, nectar source for
honey production and durable wood. Like the other vegetative parts, chestnut fruits also encounter various
damage from of diseases and pests. Together with the fruit pests, significant fruit damage is also caused by
fungi (Sieber et al., 2007).

As mentioned by the other authors; the most widely encountered fruit rot agent was G. smithogilvyi in this
study, but other pathogens such as, Phomopsis viterbensis, P. castanea, P. endogena, Phoma endogena,
Dendrostoma castaneum, Gnomonia pascoe have also been recorded from decaying chestnut fruits by them
(Dennert et al., 2015; Lione et al., 2015; Visentin et al., 2012). In this study, the other species such as Botrytis
cinerea, Cladosporium sp., D. castanea, and Penicillium sp. were also found as pathogens of chestnut nut.

Gnomoniopsis smithogilvyi was also reported from asymptomatic leaves, branches, symptomless fruits and
dead plant materials (Crous et al., 2012; Visentin et al., 2012). Its endophytic nature was also found out by
our work. Recently, this pathogen has also been found to be a pathogen of chestnut wood (Dar and Rai,
2013; Pasche et al., 2016; Lewis et al., 2017; Trapiello et al., 2018; Lione et al., 2019). Besides fruit rot, it was
reported to cause cankers on chestnut and hazelnut, galls on chestnut, and necrosis on the leaves of
chestnut and oak (Magro et al., 2010; Pasche et al.,, 2016; Linaldeddu et al., 2016; Jiang et al., 2021). The
pathogen was also determined on chestnut fruit and boxwood trees previously in Turkey (Akilli Simsek et
al., 2019; Cakar and Simsek, 2022). Its role on other forest trees should be taken into consideration for the
next studies.

Authors claimed that rate of the chestnut fruit rots would increase during the storage period (Maresi et al.,
2013; Dennert et al., 2015). Ruocco et al. (2016) tested a new strategy to control fruit rot of chestnuts. They
applied the enzyme of T. harzianum Rifai strain T22, disrupting the cell wall, to the heated water where the
fruits were kept 45-50°C in hot water and then 15-18°C in cold water for 50 min and a found significant
reduction on the rate of fruit rot. Although some treatments, such as fungicide applications and organic
fertilizers, are proposed to control fruit rot (Lione et al., 2019), some biocontrol methods deserve to be tested
since Pasche et al. (2016) obtained hopeful results by the treatment of T. atroviride and Bacillus
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amyloliquefaciens. This method was carried out as preventive biocontrol experiments by using chestnut
scion. The endophytic and opportunistic pathogenic fungus G. smithogilvyi was not found on chestnut
scions treated with B. amyloliquefaciens. With a similar experiment conducted by T. atroviride the result was
similar. The entophytic behaviour of these biocontrol agents inhibited the growth of G. Smithogilvyi.

CONFLICT OF INTEREST
The authors declare that they have no conflict of interest.

DECLARATION OF AUTHOR CONTRIBUTION
Deniz Cakar: Conceptualization, Methodology, Investigation, Molecular analysis, Secil Akill1 Simsek:
Conceptualization, Methodology, Investigation.

ACKNOWLEDGMENT

We are thankful to Dr. Salih Maden who suggest to work with his opinions and suggesstions. We thank to
the staff of General Directory of Forestry. We are also thank to Mine Konuk who is the technician of Western
Blacksea Forestry Research Institute for help with providing samples.

REFERENCES

Adamcikova, K., Juhasova, G., Kobza, M., & Ondruskova, E. (2013). Diversity of microfungi on branches of Castanea
sativa in Slovakia. Polish Botanical Journal, 58, 741-746. https://doi.org/10.2478/pbj-2013-0049.

Aguin-Casal, O.; Rial-Martinez, C.; Pindn-Esteban, P.; Sainz, M. J.; Regueira-Paz, N.; Mansilla Vazquez, ]. P.; & Salinero-
Corral, C. (2022). First report of Gnomoniopsis smithogilvyi causing chestnut brown rot on nuts and burrs of sweet
chestnut in Spain. Plant Disease ja. https://doi.org/10.1094/PDIS-02-22-0322-PDN.

Akilly, S, Katircioglu, Y. Z., & Maden, S. (2011, Haziran 14-17). Kestane Tohumlarimin Fungal Floras: Uzerinde Calismalar.
IV. Tohumculuk Kongresi, Samsun, Tiirkiye.

Akilli Simsek, S., Katircioglu, Y. Z., Cakar, D., Rigling, D., & Maden, S. (2019). Impact of fungal diseases on common
box (Buxus sempervirens L.) vegetation in Turkey. European Journal of Plant Pathology, 153(4), 1203-1220.
https://doi.org/10.1007/s10658-018-01636-4.

Barnett, H. L., & Hunter, B. B. (1972). Illustrated Genera of Imperfect Fungi. Burgess Publishing Company. Minnesota.

Blaiotta, G., Di Capua, M., Romano, A., Coppola, R., & Aponte, M. (2014). Optimization of water curing for the
preservation of chestnuts (Castanea sativa Mill.) and evaluation of microbial dynamics during process. Food
Microbiology, 42, 47-55. https://doi.org/10.1016/j.fm.2014.02.009.

Conedera, M., Tinner, W., Krebs, P., de Rigo, D., & Caudullo, G. (2016). Castanea sativa in Europe: distribution, habitat,
usage and threats. In: San-Miguel-Ayanz, ]., de Rigo, D., Caudullo, G., Houston Durrant, T., Mauri, A. (Eds.),
European Atlas of Forest Tree Species (pp. €0125e0+). Publication Office of the European Union.

Crous, P. W., Summerell, B. A, Shivas, R. G., Burgess, T. L, Decock, C. A., Dreyer, L. L, Granke, L. L, Guest, D. L,
Hardy, G. E. S. T. J., Hausbeck, M. K., Hiiberli, D., Jung, T., Koukol, O., Lennox, C. L., Liew, E. C. Y., Lombard, L.,
McTaggart, A. R., Pryke, J. S., Roets, F., Saude, C., Shuttleworth, L. A., Stukely, M. J. C,, Vanky, K., Webster, B. J.,
Windstam, S. T., & Groenewald, J. Z. (2012). Fungal planet description sheets: 107-127. Persoonia, 28, 138-182.
https://doi.org/10.3767/003158512X652633.

Cakar, D., & Simsek, S. A. (2022). First report of Gnomoniopsis smithogilvyi causing nut rot on Castanea sativa in Turkey.
New Disease Reports, 46(1), €12105. https://doi.org/10.1002/ndr2.12105.

Dar, M. A., & Rai, M. (2013). Biological and Phylogenetic Analyses, Evidencing the Presence of Gnomoniopsis sp. in
India, Causing Canker of Chestnut Trees: a New Report. Indian Forester, 139(1), 37-42.

Dennert, F., Broggini, G., Gessler, C., & Storari, M. (2015). Gnomoniopsis castanea is the main chestnut nut rot agent in
Switzerland. Phytopathologia Mediterrranea, 54(2), 199-211. https://doi.org/10.14601/Phytopathol_Mediterr-14712.
Donis-Gonzalez, I. R., Guyer, D. E., & Fulbright, D. W. (2016). Quantification and identification of microorganisms
found on shell and kernel of fresh edible chestnuts in Michigan. Journal of the Science of Food and Agriculture, 96(13),

4514-4522. https://doi.org/10.1002/jsfa.7667 .

FAOSTAT D (2023). Food and agriculture organization of the United Nations. Statistical database.
http://www.fao.org/faostat. [Access date: February 10, 2023].

Fernandez-Conradi, P., Borowiec, N., Capdevielle, X., Castagneyrol, B., Maltoni, A., Robin, C., Selvi, F., Halder, . V.,
Vétillard, F., & Jakcel, H. (2017). Plant neighbour identity and invasive pathogen infection affect associational
resistance to an invasive gall wasp. Biological Invasions, 20, 1459-1473. https://doi.org/10.1007/s10530-017-1637-4.

Gaffuri, F.,, Longa, C. M. O, Turchetti, T., Danti, R., & Maresi, G. (2017). ‘Pink rot’: infection of Castanea sativa fruits by
Colletotrichum acutatum. Forest Pathology, 47(2), €12307. https://doi.org/10.1111/efp.12307.

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

150


https://doi.org/10.2478/pbj-2013-0049
https://doi.org/10.1094/PDIS-02-22-0322-PDN
https://doi.org/10.1007/s10658-018-01636-4
https://doi.org/10.3767/003158512X652633
https://doi.org/10.1002/ndr2.12105
https://doi.org/10.14601/Phytopathol_Mediterr-14712
https://doi.org/10.1002/jsfa.7667
http://www.fao.org/faostat
https://doi.org/10.1007/s10530-017-1637-4
https://doi.org/10.1111/efp.12307

Role of the Fungal Flora on Kernel Rot of Chestnuts

Gentile, S., Valentino, D., Visentin, 1., & Tamietti, G. (2009). Discula pascoe infections of sweet chestnut fruits in North-
West Italy. Australian Nutgrower, 23, 23-25.

Glass, N. L., & Donaldson, G. C. (1995). Development of primer sets designed for use with the PCR to amplify
conserved genes from filamentous ascomycetes. Applied and Environ-mental Microbiology, 61, 1323-1330.

Jaklitsch, W. M., & Voglmayr, H. (2019). European species of Dendrostoma (Diaporthales). Mycokeys, 59, 1-26.
https://doi.org/ 10.3897/mycokeys.59.37966.

Jermini, M., Conedera, M., Sieber, T.N., Sassella, A., Schirer, H., Jelmini, G. et al. (2006) Influence of fruit treatments
on perishability during cold storage of sweet chestnuts. Journal of the Science of Food and Agriculture, 86, 877-885.
https://doi.org/10.1002/jsfa.2428.

Jiang, N., & Tian, C. (2019). An emerging pathogen from rotted chestnut in China: Gnomoniopsis daii sp. nov. Forests,
10, 1016. https://doi.org/10.3390/f10111016.

Jiang, N., Voglmayr, H., Bian, D. R,, Piao, C. G, Wang, S. K, & Li, Y. (2021). Morphology and phylogeny of
Gnomoniopsis (Gnomoniaceae, Diaporthales) from fagaceae leaves in China. Journal of Fungi, 7(10), 792.
https://doi.org/10.3390/j0f7100792.

Kumar, S., Stecher, G., Li, M., Knyaz, C., & Tamura, K. (2018). MEGA X: molecular evolutionary genetics analyses
across computing platforms. Molecular Biology and Evolution, 35, 1547-1549. https://doi.org/10.1093/molbev/msy096.

Lewis, A., Gorton, C., Rees, H., Webber, J., & Pérez-Sierra, A. (2017). First report of Gnomoniopsis smithogilvyi causing
lesions and cankers of sweet chestnut in the United Kingdom. New Disease Reports, 35, 20.
https://doi.org/10.5197/j.2044-0588.2017.035.020.

Liang, L., & Wang, G. (2003). Studies on the Varieties and Pathogenic Ability of the Pathogenic Fungi of Chinese
Chestnut Seed in Different Production Areas of China. Forest Research, Beijing, 16(3), 284-288.

Linaldeddu, B. T., Deidda, A., Scanu, B., Franceschini, A., Alves, A., Abdollahzadeh, J., & Phillips, A. ]. L. (2016).
Phylogeny, morphology and pathogenicity of Botryosphaeriaceae, Diatrypaceae and Gnomoniaceae associated with
branch diseases of hazelnut in Sardinia (Italy). European Journal of Plant Pathology, 146(2), 259-279.
https://doi.org/10.1007/s10658-016-0912-z.

Lione, G., Giordano, L., Sillo, F., & Gonthier, P. (2015). Testing and modelling the effects of climate on the incidence of
the emergent nut rot agent of chestnut Gnomoniopsis castanea. Plant Pathology, 64(4), 852-863.
https://doi.org/10.1111/ppa.12319.

Lione, G., Danti, R., Fernandez-Conradi, P., Ferreira-Cardoso, J. V., Lefort, F., Marques, G., Meyer, J. B., Prospero, S.,
Radocz, L., Turchetti, T., Vettraino, A. M., & Gonthier, P. (2019). The emerging pathogen of chestnut Gnomoniopsis
castaneae: the challenge posed by a versatile fungus. European Journal of Plant Pathology, 153(3), 671-685.
https://www.dora.lib4ri.ch/wsl/islandora/object/wsl:18430.

Magro, P., Speranza, S., Stacchiotti, M., Martignoni, D., & Paparatti, B. (2010). Gnomoniopsis associated with necrosis of
leaves and chestnut galls induced by Dryocosmus kuriphilus. Plant pathology, 59(6), 1171-1171.
https://doi.org/10.1111/j.1365-3059.2010.02336.x.

Maresi, G., Longa, O., & Turchetti, T. (2013). Brown rot on nuts of Castanea sativa Mill: an emerging disease and its
causal agent. iForest, 6(5), 294-301. https://doi.org/10.1111/j.1365-3059.2010.02336.x.

OGM, (2020). Tiirkive Orman Varligi. Orman Genel Midirligii. https://www.ogm.gov.tr/tr/ormanlarimiz-
sitesi/TurkiyeOrmanVarligi/Yayinlar/2020%20T%C3%BCrkiye%200rman %20Varl%C4%B1%C4 %9F %C4%B1.pdf.
[Access date: February 21, 2023].

Overy, D. P., Seifert, K. A., Savard, M. E., & Frisvad, J. C. (2003). Spoilage fungi and their mycotoxins in commercially
marketed chestnuts. International Journal of Food Microbiology, 88(1), 69-77. 10.1016/s0168-1605(03)00086-2.

Pasche, S., Calmin, G., Auderset, G., Crovadore, J., Pelleteret, P., Mauch-Mani, B., Barja, F., Paul, B., Jermini, M., &
Lefort, F. (2016). Gnomoniopsis smithogilvyi causes chestnut canker symptoms in Castanea sativa shoots in
Switzerland. Fungal Genetics and Biology, 87, 9-21. https://doi.org/10.1016/j.fgb.2016.01.002.

Ruocco, M., Lanzuise, S., Lombardi, N., Varlese, R., Aliberti, A., Carpenito, et al. (2016). New tools to improve the shelf
life of chestnut fruit during storage. Acta Horticulturae, 1144, 309-316.
https://doi.org/10.17660/ActaHortic.2016.1144.46.

Sieber, T., Jermini, M., & Conedera, M. (2007). Effects of the harvest method on the infestation of chestnuts (Castanea
sativa) by insects and moulds. Journal of Phytopathology, 155, 497-504. https://doi.org/10.1111/j.1439-
0434.2007.01269.x.

Shuttleworth, L. A., Liew, E. C. Y., & Guest, D. L. (2012a). Survey of the incidence of chestnut rot in south-eastern
Australia. Australasian Plant Pathology, 42(1), 63-72. https://doi.org/10.1007/s13313-012-0170-2.

Shuttleworth, L. A., Guest, D. I, & Liew, E. C. Y. (2012b). Fungal planet description sheet 108: Gnomoniopsis smithogilvyi
L.A. Shuttleworth, E.CY. Liew & D.I Guest, sp. nov. Persoonia, 28, 142-143.
https://doi.org/10.3767/003158512X652633.

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

151



https://dergipark.org.tr/tr/pub/ijaws
https://doi.org/10.1002/jsfa.2428
https://doi.org/10.3390/f10111016
https://doi.org/10.3390/jof7100792
https://doi.org/10.5197/j.2044-0588.2017.035.020
https://doi.org/10.1007/s10658-016-0912-z
https://doi.org/10.1111/ppa.12319
https://www.dora.lib4ri.ch/wsl/islandora/object/wsl:18430
https://doi.org/10.1111/j.1365-3059.2010.02336.x
https://doi.org/10.1111/j.1365-3059.2010.02336.x
https://www.ogm.gov.tr/tr/ormanlarimiz-sitesi/TurkiyeOrmanVarligi/Yayinlar/2020%20T%C3%BCrkiye%20Orman%20Varl%C4%B1%C4%9F%C4%B1.pdf
https://www.ogm.gov.tr/tr/ormanlarimiz-sitesi/TurkiyeOrmanVarligi/Yayinlar/2020%20T%C3%BCrkiye%20Orman%20Varl%C4%B1%C4%9F%C4%B1.pdf
https://doi.org/10.1016/s0168-1605(03)00086-2
https://doi.org/10.1016/j.fgb.2016.01.002
https://doi.org/10.17660/ActaHortic.2016.1144.46
https://doi.org/10.1111/j.1439-0434.2007.01269.x
https://doi.org/10.1111/j.1439-0434.2007.01269.x
https://doi.org/10.1007/s13313-012-0170-2

Deniz GAKAR, Segil AKTLLI $IMSEK

Shuttleworth, L. A., Walker, D. M., & Guest, D. . (2015). The chestnut pathogen Gnomoniopsis smithogilvyi
(Gnomoniaceae, Diaporthales) and its synonyms. Mycotaxon, 130(4), 929-940. http://dx.doi.org/10.5248/130.929.
Smith, H. C., & Agri, M. (2008). The life cycle, pathology and taxonomy of two different nut rot fungi in chestnut.

Australian Nutgrower, 22, 11-15.

Sutton, B. C. (1980). The Coelomycetes. Fungi Imperfecti with Pycnidia, Acervuli and Stromata. CMI, Kew, 696.

Tamietti, G. (2016). On the fungal species Gnomoniopsis castaneae (“castanea”) and its synonym G. smithogilvyi. Journal of
Plant Pathology, 98, 189-190. http://dx.doi.org/10.4454/JPP.V9812.001.

Trapiello, E., Feito, I., & Gonzalez, A. ]. (2018). First report of Gnomoniopsis castaneae causing canker on hybrid plants
of Castanea sativa x C. crenata in Spain. Plant Disease, 102(5), 1040. https://doi.org/10.1094/PDIS-12-17-1874-PDN.
Tziros, G. (2018). First report of nut rot caused by Gnomoniopsis castaneae on Castanea sativa in Greece. Journal of Plant

Pathology, 101, 211. https://doi.org/10.1007/s42161-018-0161-4.

Vettraino, A. M., Paolacci, A., & Vannini, A. (2005). Endophytism of Sclerotinia pseudotuberosa: PCR assay for specific
detection in chestnut tissues. Mycological Research, 109(1), 96-102. https://doi.org/10.1017/S0953756204001583.

Visentin, I., Gentile, S., Valentino, D., Gonthier, P., Tamietti, G., & Cardinale, F. (2012). Gnomoniopsis castanea sp.
nov.(Gnomoniaceae, Diaporthales) as the causal agent of nut rot in sweet chestnut. Journal of Plant Pathology , 94,
411-419. http://dx.doi.org/10.4454/JPP.FA.2012.045.

Walker, D. M., Castlebury, L. A, Rossman, A. Y., Sogonov, M. V., & White, J. F. (2010). Systematics of genus
Gnomoniopsis (Gnomoniaceae, Diaporthales) based on a three gene phylogeny, host associations and morphology.
Mycologia, 102 (6), 1479-1496. http://dx.doi.org/10.3852/10-002.

White, T. J., Bruns, T., Lee, S., & Taylor, ]. (1990). Amplification and direct sequencing of fungal ribosomal RNA genes
for phylogenetics. PCR protocols: a guide to methods and applications, 18, 315-322. https://doi.org/10.1016/B978-0-12-
372180-8.50042-1.

Xiao-qging, Z., Hai-xia, W., Ling, Q., Su-hua, L., Zheng-ping, L., & Yan-min, W. (2009). Preliminary studies on
pathogenic  fungi of chestnut fruit rot and its control. Acta  horticulturae, 844, 83.
https://doi.org/10.17660/ActaHortic.2009.844.10.

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

152


http://dx.doi.org/10.5248/130.929
http://dx.doi.org/10.4454/JPP.V98I2.001
https://doi.org/10.1094/PDIS-12-17-1874-PDN
https://doi.org/10.1007/s42161-018-0161-4
https://doi.org/10.1017/S0953756204001583
https://dx.doi.org/10.4454/JPP.FA.2012.045
http://dx.doi.org/10.3852/10-002
https://doi.org/10.1016/B978-0-12-372180-8.50042-1
https://doi.org/10.1016/B978-0-12-372180-8.50042-1
https://doi.org/10.17660/ActaHortic.2009.844.10

Research Article / Aragtirma Makalesi

g PAks,
é‘\ < Uluslararasi Tarim ve Yaban Hayat: Bilimleri Dergisi
Z
< \\“i = =
g U § International Journal of Agriculture and Wildlife Science \ 7!
2 ° N
‘0g . &

\ 2023, 9(2): 153 — 161, doi: 10.24180/ijaws.1265774

Bolu ilinde Patates Bocegi Leptinotarsa decemlineata Say (Coleoptera: Chrysomelidae)'nin Dogal

Diismanlar1 ve Kislama Ozelliklerinin Belirlenmesi*

Determination of Natural Enemies and Overwintering of Colorado Potato Bettle Leptinotarsa

decemlineata Say (Coleoptera: Chrysomelidae) in Bolu
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Oz: Patates Bolu ilinde en fazla yetistirilen tarim iiriinlerden biri olup, énemli ana zararhlarindan biri Patates bocegi Leptinotarsa decemlineata Say
(Coleoptera: Chrysomelidae)’dir. Bu calismada Patates bocegi'nin Bolu ilinde dogal diismanlari ve kiglama 6zellikleri belirlenmistir. Leptinotarsa
decemlineata’nin dogal diismanlar1 olarak Chrysoperla carnea Stephens (Neuroptera: Chrysopidae) ve Semiadalia undecimnotata Schneider (Coleoptera:
Coccinellidae) tiirleri bulunmustur. Patates bocegi'nin laboratuvarda kiiltiire alinan ergin, larva ve yumurta donemlerinden herhangi bir parazitoit
cikist tespit edilememistir. Calismanin ilk yili kislama denemelerinde zararlinin ergin olarak 11 Ekim 2020 tarihinde kis diyapozuna girdigi, 15 May1s
2021 tarihinde kis diyapozundan ¢iktig1 tespit edilmistir. Bu dénemde pentat hava sicaklig1 ortalamasi 15 °C, pentat nisbi nem ortalamas ise %59.32
olarak belirlenmistir. {kinci yil zararlinin 05 Ekim 2021 tarihinde kis diyapozuna girdigi, 09 Mayis 2022 tarihinde kis diyapozundan giktig1 tespit
edilmistir. Calismanin ikinci y1li ise Patates bocegi'nin kis diyapozuna girdigi donemde pentat hava sicaklig ortalamasi 10.26 °C, pentat nisbi nem
ortalamast ise %75.08 olarak belirlenmistir.

Anahtar Kelimeler: Patates bocegi, kislama, dogal diisman

&

Abstract: Potato isone of the most grown agricultural products in Bolu province and one of the most important main pests is the potato beetle
Leptinotarsa decemlineata Say (Coleoptera: Chrysomelidae). In this study, the natural enemies and overwintering characteristics of the Colorado potato
beetle were determined in Bolu province. Chrysoperla carnea Stephens (Neuroptera: Chrysopidae) and Semiadalia undecimnotata Schneider (Coleoptera:
Coccinellidae) species were determined as natural enemies of L. decemlineata. No parasitoid species was found in the adult, larva and egg stages of the
Colorado potato beetle were cultured in the laboratory. In the overwintering study carried out in the first year of the study, it was determined that the
pest entered winter diapause on 11 October 2020, and emerged from winter diapause on 15 May 2021. The potato beetle entered winter diapause, the
average pentate air temperature was determined to be 15 °C, and the average pentate relative humidity was 59.32%. In the second year, this pest e
entered the winter diapause on 05 October 2021, and emerged from winter diapause on 09 May 2022. In the period, , the average pentate air temperature
was determined as 10.26 °C, and the average pentate relative humidity was 75.08%.

Keywords: Colorado potato beetle, overwintering, natural enemy
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Patates (Solanum tuberosum L.; Solanales: Solanaceae), bugday, pirin¢ ve misirdan sonra en 6nemli gida
maddesi olarak yer almaktadir (FAQO, 2019). Diinya’da Cin, Hindistan, Rusya, Ukrayna ve Amerika
Birlesik Devletleri (ABD) sirasiyla en ¢ok patatesin yetistirildigi iilkeler arasindadir. Tiirkiye ise 140.766 ha
alanda patates iiretimi yapmakta olup diinya patates iiretiminde 17. sirada bulunmaktadir (FAO, 2019).

Patates iiretiminde ekonomik olarak onemli olan ve verim kayiplarina sebep olan ana zararlilardan biri
Leptinotarsa decemlineata Say (Coleoptera: Chrysomelidae)’dir. Zararlinin konukgular1 arasinda patates,
patlican (Solanum melongena L.), domates (Lycopersicon esculentum M.), titiin (Nicotiana tabacum L.) gibi
Solanaceae familyasina bagh kiiltiir bitkilerinin yaru sira bazi yabani Solanum spp. tiirleri bulunmaktadir
(Kekillioglu ve Yilmaz, 2018). Leptinotarsa decemlineata larva ve ergin bireyleri patates bitkisinin
yapraklarmi oburca tiiketerek bitkinin en onemli islevi olan fotosentezi gerceklestiren yapraklarindan
yoksun birakirlar. Zamanla gelisme geriligine, ileriki safhalarda bitkide ¢ali formuna sebep olurlar. Patates
bocegi'nin yogun zararlarda %20-100 aras: verim kaybina neden olabilecegi belirtilmistir (Oerke vd., 1994;
Alyokhin, 2009; Wang vd., 2017). Zararli yumurtalarin1 yapraklarin altina birakir, yumurtadan ¢ikan
bireyler dort larva donemi gegirdikten sonra topragin altinda pupa olurlar (Atak, 1973). Giirkan ve
Bosgelmez (1984) zararlinin kislama tarihinin eyliil aymin ikinci ve {igiincii haftalarma denk geldigini ve
iki sene boyunca siirdiiriilen kiglama ¢alismasinda zararlinin kislamaya, toprak sicakliginin 13.4 °C ve 14
°C oldugu donemde girdigini belirlemislerdir. Biever ve Chauvin (1990) ABD’nin Washington eyaletinde
L. decemlineata’nin %16-21 kadarinn iki kis periyodu gecirdikten sonra; %2 kadarinin ise 3 kis periyodu
gecirdikten sonra kislama doneminden uyandigini belirlemislerdir. Tauber vd. (1994) ABD'nin New York
eyaletinde L. decemlineata’un kislama doneminden ¢ikisinda uygun toprak sicakligr saglandiktan sonra,
toprakta bulunan nemin davranigsal bir uyaric olarak gorev yaptigim ve toprak nemindeki azalmanin
kislama donemindeki L. decemlineata’min ¢ikiglarim1 azaltabilecegini ya da durdurabilecegini
belirlemiglerdir.

Zararhya karsi pek ¢ok miicadele yontemi uygulanmaktadir. Zararliyla miicadelede baslica miicadele
yontemi kiiltiirel, mekanik ve kimyasal miicadele yontemleridir (Anonim, 2017; Yigit vd., 2022). Zararh
bocek tiirlerini kontrol etmede veya miicadelede Biyolojik miicadele ¢alismalarinda 6nemli aktorler olan
dogal diismanlarin rolii biiyiiktiir (Kilinger vd., 2010). Patates béceginin ¢ok sayida dogal diismani tespit
edilmistir. Zararlinin ¢ok sayida predator tiirii belirlenmistir. Sahin (1997) Erzurum’da Patates bocegi'nin
Exolygus rugulipennis Poppius (Heteroptera: Miridae), Anthocoris sibiricus Reuter (Heteroptera:
Anthocoridae), C. septempunctata Linnaeus (Coleoptera: Coccinellidae)'nin, Chrysoperla carnea Stephens
(Neuroptera: Chrysopidae) ve Deraeocoris seranus Douglas-Scott (Heteroptera: Miridae) dogal diismanlar:
belirlenmistir. Zararlinin herhangi bir parazitoitini tespit edememislerdir. Kedici vd. (1998) Nigde,
Nevsehir, Ankara ve Bolu illerinde zararliyla beslenen A. sibiricus, Nabis punctatus Costa (Heteroptera:
Nabidae), Zicrona caerulea Linnaeus (Heteroptera: Pentatomidae), Chrysoperla spp., Adonia variegata Goeze
(Coleoptera: Coccinellidae), Coccinula quatuordecimpustulata Linnaeus (Coleoptera: Coccinellidae), C.
septempunctata,  Semiadalin  undecimnotata  Schneider (Coleoptera: Coccinellidae) ve Propylaea
quatuordecimpustulata Linnaeus (Coleoptera: Coccinellidae) tiirleri belirlemislerdir. Nault vd. (1997) Kuzey
Carolina eyaletinde (ABD) zararlinin Coleomegilla maculata DeGeer (Coleoptera: Coccinellidae) ve Perillus
bioculatus Fabr. Say (Heteroptera: Pentatomidae) gibi dogal diismanlarini tespit etmislerdir. Hough-
Goldstein vd. (1993), ABD’de C. septempunctata tarla sartlarinda L. decemlineata tizerinde diisiik bir etkiye
sahip oldugunu, C. carnea’nin zararlinin yumurta predatorii olarak dikkate deger bir aday oldugunu tespit
etmiglerdir. Sablon vd. (2013) laboratuvar sartlarinda 3. dénem C. carnea larvalarinin diger larva
donemlerinden dort kat1 daha fazla L. decemlineata larvasiyla beslendigini bildirmisler ve C. carnea’ min
larva donemlerinin zararh ile miicadeledeki dikkate deger onemini belirtmislerdir. Giiniimiize kadar
Papates bocegi'nin az sayida parazitoit tiirii belirlenmistir. Lashomb vd. (1987) ABD'nde Edovum puttleri
Grissell (Hymenoptera: Eulophidae)'nin L. decemlineata yumurtalarmi %71-91 arasinda parazitledigini
tespit etmislerdir. Yabas vd. (1995) laboratuvarda yumurta parazitoiti Edovum puttleri Grissell
(Hymenoptera: Eulophidae)nin L. decemlineata yumurtalarmin %41.6 oraninda parazitlendigini tespit
etmiglerdir.
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Patates Bocegi'nin Dogal Diigmanlan ve Kiglama Ozelliklerinin Belirlenmesi

Bu ¢alismada Bolu ilinin énemli bir gelir kaynag: olan patatesin, yogun olarak iiretimi yapilan merkeze
bagl kdylerde ekonomik kayiplara neden olan L. decemlineata’nin, dogal diismanlar1 ve bolge kosullarinda
kislama Ozellikleri tespit edilmistir. Boylelikle zararliyla miicadelede dikkat edilmesi gereken onemli
hususlar ortaya ¢ikarilmstir.

MATERYAL VE METOT

Bu calisma 2020 ve 2021 yillar1 arasinda Bolu ili merkez ovasinin ikisi kuzey koylerinden (Yeniakgakavak,
Aligoren), ikisi giiney koylerinden (Doganci, Tasoluk) secilen toplam 4 adet patates tarlasinda
yuriitiilmistiir. (Sekil 1). Belirlenen patates tarlalarinin ilaglamalarinda kullanilan etkili madde, ilaglama
zamani ve ilaglama sayist hakkinda ciftci sartlarina miidahalede bulunulmamistir. Calismanin materyalini,
calismanin ilk yili i¢in 4 adet; ikinci yili i¢in 4 adet olmak {izere toplam 8 adet patates tarlasi, L.
decemlineata’nin ergin, larva ve yumurtalari, kislama calismasi i¢in kullanilan kislama saksilari, ortii tiilleri,
toprak sicaklik Olger, dogal diisman taramalarinda kullanilan ince uglu fir¢a, emgi tiipli ve parazitoit
cikisini tespit etmek amaciyla toplanan zararlinin bireylerini kiiltiire almak igin kullanilan plastik seffaf
kaplar olusturmustur.

Kizilagi|
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Sekil 1. Patates bocegi'nin dogal diisman ¢alismalarmin yiiriitiildiigii lokasyonlarin uydu goriintiisii.
Figure 1. Satellite image of locations where natural enemy studies of the potato beetle were conducted.

Patates Bocegi'nin Predatéor ve Parazitoit Tiirlerinin Belirlenmesi

Leptinotarsa decemlineata’nin Bolu il merkezinde patates yetistirilen alanlarda parazitoit ve predator
tiirlerini tespit etmek amaciyla haftalik arazi ¢ikislari yapilarak zararlinin farkli donemleriyle beslenmesi
muhtemel olan predator tiirler izlenerek ve ornekler toplanmigtir. Ayrica zararlimin parazitoit tiirlerini
tespit etmek amaciyla ayda bir her tarladan toplanabildigi kadar L. decemlineata’mn ergin, larva ve yumurta
paketi toplanmis ve her lokasyon igin ayr1 ayr1 olmak iizere kiiltiire alinmistir (Sekil 2). Kullanilan her bir
kiiltiir kabinin tizerine temsil ettigi lokasyon ve toplanma tarihi yazilarak kapaklarinin {izerine igeride nem
birikmesini onlemek amaciyla delikler agilmistir. Kiiltiire alinan Patates bocekleri taze patates
yapraklariyla beslenmis ve herhangi bir parazitoit ¢ikisim belirlemek amaciyla giinliik olarak kontrol
edilmistir.
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Sekil 2. Parazitoit .g11<1§1m tespit etmek amaciyla kiiltiire alinan L. decemlineata’nin ergin, larva ve
yumurtalari.
Figure 2. Adults, larvae and eggs of L. decemlineata cultured to detect parasitoid emergence.

Patates Bicegi'nin Kislama Ozelliklerinin Belirlenmesi

Calismanin yiriitiildiigii her iki yil (2020-21) igin patates iiretim sezonu sonunda dort adet lokasyondan
toplanabildigi kadar ergin L. decemlineata bireyleri toplanmigtir. Calismann ilk yili toplanan erginler, her
bir lokasyon igin ayr1 ayr1 olmak {izere igerisinde 40 cm derinliginde toprak bulunan saksilara alinmistir.
Zararlinin digartya kagmasmi Onlemek amaciyla saksilarin iizeri tiillerle kapatilarak kiglama kafesleri
olusturularak, ekim ayindan itibaren havalarin sogumasiyla kislamak i¢in topraga girecek olan boceklerin
acik balkonda kislamalar1 saglanmistir (Sekil 3). Bu amagla hazirlanan saksilarda, Doganci lokasyonundan
63 adet, Tagoluk lokasyonundan 32 adet, Yeniak¢akavak lokasyonundan 31 adet, Aligéren lokasyonundan
ise 23 adet ergin birey kislama ¢alismalar1 igin kullanilmustir. Zararl kis diyapozuna girene kadar saksilara
patlican dilimleriyle besin takviyesi yapilmistir. Bolu ili kosullarinda zararlinin kislama ve kislamadan
¢ikis zamanini tespit etmek amaciyla ekim ayinda havalarin sogumasiyla ve bir sonraki yil ortalama hava
sicakliginin 10 °C’yi asmasiyla birlikte kislama saksilarinin haftalik kontrolleri yapilmis ve kislama
doneminden ¢ikan bireyler calismanin sonuna kadar kaydedilmistir (Tauber ve Tauber, 2002). Calismada
toprak sicakligini 6l¢gmek amacryla TP-101 sicaklik 6lger kullanilmistir (Sekil 3).
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Sekil 3. Calismanin ilk yili (2020) {izeri tiillerle kapatilmis saksilarla olusturulmus kislama kafesleri ve
toprak sicakliginin Slgiilmesi.
Figure 3. In the first year of the study (2020), overwintering cages created with pots covered with nets and
measurement of soil temperature.

Kislama calismasiin ikinci yilinda (2021) ise, doga sartlarina tamamen agik alana, her lokasyonu temsil
edecek sekilde 50 cm derinliginde 4 adet cukur kazilmistir. Agilan bu cukurlarin dipleri ve yanlar
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zararlinin kagislarini 6nlemek amaciyla 3 kat tiil ile kapatilmistir. Cukurlardan gikarilan toprak tas ve
yabanci maddelerden arindirilarak agilan ¢ukurlara geri doldurulmustur. Patates {iretim sezonu sonunda
acik alana hazirlanan yer kafeslerine konulmak tizere her lokasyondan 60’ar adet Patates bocegi ergini
toplanmistir. Toplanan bocekler lokasyonlarina gore yer kafeslerine konularak iizeri tiil ile baglanmaistir.
Bocekler kislama donemine girene kadar patlican dilimleriyle yer kafeslerine besin takviyesi yapilmistir
(Sekil 4). Zararlinin kislama zamanini ve kislamadan ¢ikis zamanini tespit etmek amaciyla haftalik olarak
tiillerin i¢i kontrol edilerek elde edilen veriler kayit altina alinmistir.

Sekil 4. Calismanin ikinci yili (2021) yere agilan ve tiil ile cevrelenmis kiglama ¢ukurlari.
Figure 4. Overintering pits dug into the ground and surrounded by tulle in the second year of the study (2021).

BULGULAR VE TARTISMA

Patates Bicegi’nin Predatir ve Parazitoit Tiirlerinin Belirlenmesi

Patates bocegi'nin Bolu ili merkez ovasindaki dogal diismanlarmin belirlenmesi amaciyla ¢alismanin ilk
yil1 (2020) gergeklestirilen ¢alismalarda, Doganci lokasyonundaki tarlada 16 Temmuz 2020 tarihinde 1 adet
C. carnea yumurtasi, Yeniakcakavak lokasyonundaki tarlada 06 Agustos 2020 tarihinde 1 adet C. carnea
larvast belirlenmistir. Aligéren lokasyonundaki tarlada ise 06 Agustos 2020 tarihinde 1 adet S.
undecimnotata tespit edilmistir. Patates bocegi'nin dogal diismanlarinin belirlenmesi amaciyla ¢alismanin
ikinci y1l1 (2021) gergeklestirilen arazi ¢alismalarinda ise herhangi bir dogal diisman tespit edilmemistir.

Yiiriitiilen parazitoit ¢ikisini belirleme calismalarinda aylik olarak toplamip kiiltiire alman L.
decemlineata’nun ergin, larva ve yumurtalarindan ¢alismanin gerceklestirildigi her iki yi1lda da herhangi bir
parazitoit ¢ikisi tespit edilmemistir (Cizelge 1)

Cizelge 1. Parazitoit tiirlerinin belirlenmesi amaciyla toplanan Leptinotarsa decemlineata sayilari.
Table 1. Numbers of Leptinotarsa decemlineata collected to determine parasitoid species.

Biyolojik 2020 2021
Dénem
Kiiltiire Tespit Edilen Kiiltiire Alinan Tespit Edilen Parazitoit
Alian Parazitoit
Ergin 220 - 250 -
Larva 55 - 45 -
Yumurta 101 - 120 -

Sahin (1997) tarafindan 1994-95 yillarinda Erzurum ilinde yiiriitiilen dogal diisman ¢alismasinda da, C.
carnea dogal diismaninin L. decemlineata yumurtalari ile beslendigi belirlenmistir. Ayrica parazitoit gikisini
tespit etmek amaciyla toplanan L. decemlineata’nin ergin, larva ve yumurtalarindan herhangi bir parazitoit
¢ikisinin olmadig1 belirlenmistir. Kedici vd. (1998) tarafindan Bolu ilinde yiiriitiilen dogal diisman
calismalarinda N. punctatus, A. sibiricus, A. variegata, Z. caerulea, Chrysoperla spp, C. quatuordecimpustulata, C.
septempunctata gibi dogal diismanlar tespit edilmis ve L. decemlineata’nin ergin, larva ve yumurtalarindan
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herhangi bir parazitoit ¢ikisinin olmadig: bildirilmistir. Kedici vd. (1998)'min Bolu ilinde tespit ettigi L.
decemlineata’nin dogal diismanlarindan Chrysoperla spp. ve Ankara’min Kazan ilgesinde tespit edilen S.
undecimnotata tiirlerinin belirlendigini bildirmislerdir. Kedici vd. (1998)nin bu calismay1r 1994-1995
senelerinde yaptig1 goz Oniine alinirsa, gerceklestirdigimiz arazi calismalarinda smirli sayida dogal
diismanin belirlendigi, glintimiize kadar gecen siirede Bolu ilinde L. decemlineata dogal diismanlarinin
patates yetistiriciliginde kullanilan insektisitlerin etkisiyle olumsuz etkilendigi diistiniilmiistiir. Kuepper
(2003) Patates bocegimin dogal diismanlarinin ticari patates tiiretim alanlarinda yogun pestisit
kullanilmasindan ve dogal diismanlar: barindiracak habitat eksikliginden dolay: nadiren goriilebilecegini
bildirmistir. Patates yetistiriciliginde dogal diisman varligini korumak icin L. decemlineata ile miicadelede
mekanik miicadelenin 6nemi biiyiiktiir. Giirkan ve Bogsgelmez (1984), mayis-haziran aylarinda Patates
bocegi'nin ilk doliine kars1 uygulanacak mekanik miicadelenin 6neminin biiyiik oldugunu vurgulamistir.

Patates Bocegi'nin Kigslama Ozelliklerinin Belirlenmesi

Patates bocegi'nin kislama 6zelliklerinin tespit edilmesi amaciyla ¢alismanin ilk yili (2020) kislama kafesi
olarak kullanilan saksilarda zararlinin, 11 Ekim 2020 tarihinde kislama donemine girdigi tespit edilmistir.
Zararlmin kislamaya girdigi donemde pentat hava sicaklig1 ortalamasi 15 °C, pentat nisbi nem ortalamasi
%59.32 olarak belirlenmistir. Kislama kafeslerinde bir sonraki sene takipler siirdiiriilmiis ve yalnizca
Doganci lokasyonunu temsil eden kafesteki 2 adet (%3.2) Patates bocegi'nin 15 Mayis 2021 tarihinde kis
diyapozundan ¢iktig1 tespit edilmis olup diger saksilarda ise herhangi bir ¢ikis tespit edilmemistir (Cizelge
2). Doganci lokasyonunu temsil eden saksidan kis diyapozundan ¢ikis oraninin diisiik kalmasinin ve diger
lokasyonlardan herhangi bir ¢ikisin olmayisinin nedeninin, kislama saksilarinin dogal yagislan
alamayacag1 ortamda tutulmus olmasindan kaynaklanabilecegi diisiiniilmiistiir. Tauber vd. (1994) uygun
toprak sicakligi saglandiktan sonra, Patates bocegi'nin kis diyapozundan ¢ikislarina topraktaki nemin bir
uyarict olarak gorev aldigini ve toprak nemindeki azalisin kis diyapozundaki boceklerde cikislari
azaltabilecegini ya da durdurabilecegini belirtmistir. Herhangi bir ¢ikisinin gerceklesmedigi belirlenen
diger Patates bocekleri i¢in mevcut olan kislama ¢alismasi bir ki daha siirdiiriilmiis fakat 2022 yilinda da
herhangi bir ¢ikis tespit edilmemistir. Tauber ve Tauber (2002) L. decemlineata’min bir kis doneminden daha
fazla siiren diyapoz sergileyebildigini tespit etmislerdir. Ayrica Patates bocegi'nin %56.5'inin kiglama
doneminden ¢ikabildigini tespit etmis olup, kislama doneminde olan boceklerin %2.3"liniin ise dokuz yila
kadar olmakla birlikte, bir yildan daha uzun siiren diyapoz hali sergiledigini tespit etmislerdir. Bu nedenle
yuriitillen kislama calismasinda sonraki yillarda c¢ikis olabilecegi diisiiniilmiistiir. Ayrica kislama
kafeslerinde bir sonraki sene (2021) may1s ayinda yapilan kontrollerde bazi Patates boceklerinin kiglamak
amactyla topragin derinlerine dogru hareket etmedigi, topragin 1 cm’lik yiizeyine yar1 gomiilii vaziyette
kislad1g tespit edilmis ve bu boceklerin tamaminin kislama doneminden ¢ikamadan 61d{igii belirlenmistir.
Giirkan ve Bosgelmez (1984) bir kavanozun igerisinde kislama donemine giren L. decemlineata bireylerinin
%75'inin olduginii tespit etmistir. Hiiesaar vd. (2006) toprak ylizeyinde kislayan L. decemlineata
bireylerinde, topragmn icinde ki1 gecirenlere kiyasla daha cok oOliim tespit etmislerdir. Giirkan ve
Bosgelmez (1984) L. decemlineata’min kiglama tarihinin eyliil aymin 2. ve 3. haftalarina denk geldigini, kis
diyapozundan uyanma zamaninin ise mayis ayimun ilk haftasina denk geldigini belirtmislerdir. Patates
bocegi'nin kis diyapozundan ¢ikma zamaninin belirlenmesinde her iki ¢alismada da benzer sonuglara
varilmistir.
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Cizelge 2. Calismanin ilk yil1 (2020) ve ikinci yilinda (2021) kislama kafeslerine konulan ve bir sonraki sene kis
diyapozundan ¢ikan Leptinotarsa decemlineata sayist.

Tablo 2. Number of Leptinotarsa decemlineata placed in wintering cages in the first year (2020) and second year (2021) of the
study and emerging from overwinter diapause the following year.

Calismanin ilk yil1 (2020) kislama verileri Calismanin ikinci y1l1 (2021) kislama verileri
Lokasyonlar Kislama Olen ergin Kislama Kiglama Olen ergin Kiglama
saksisina say1sl doneminden gukuruna say1sl déneminden
konulan ¢ikan ergin konulan ¢ikan ergin
ergin sayisi say1st ergin sayisi sayist
Doganc 63 45 2 60 15 10
Tasoluk 32 17 - 60 15 10
Yeniakcakavak 31 26 - 60 15 12
Aligoren 23 18 - 60 15 12

Calismanin ikinci yilinda (2021) gerceklestirilen kislama ¢alismasinda kislama kafesleri, dogal yagislar
dahil tiim meteorolojik sartlara agik alana kurulmustur. Bu kislama calismasinda L. decemlineata’nin, 05
Ekim 2021 tarihinde kislama dénemine girdigi tespit edilmistir. Patates bocegi'nin kis diyapozuna girdigi
donemde pentat hava sicakligi ortalamasi 10.26 °C, pentat nisbi nem ortalamast %75.08 olarak
belirlenmistir. Zararlinin bu ¢alismadaki kis diyapozuna girdigi donemde hesaplanan pentat hava sicaklig1
ortalamasi ile bir Onceki yil yiiriitiilen kigslama calismasindaki pentat hava sicaklik ortalamalar:
karsilastirildiginda, zararlinin ekim ayi igerisinde genel olarak 10-15 °C pentat hava sicaklik ortalamalar1
degerlerinde kislama donemine girdigi belirlenmistir. Zararlimin 09 Mayis 2022 tarihinde kislama
doneminden c¢iktig1 tespit edilmis olup, yer Kkafeslerine konulan 60’ar adet L. decemlineata’dan
entomopatojen mikroorganizma enfeksiyonu sonucu 15er adet bocegin kislama dénemine giremeden
oldiigii tespit edilmistir (Cizelge 2). Sahin (1997) Erzurum ilinin Pasinler ilgesinde 1995 yilinda L.
decemlineata’min 22 Mayis tarihinde; 1996 yilinda 28 Mayis tarihinde kiglama doéneminden ciktigim
belirlemistir. Gergeklestirdigimiz kiglama ¢alismasinin her iki yilinda elde edilen veriler ile Sahin (1997)'in
bulgular1 karsilastirildiginda, zararlimin genel olarak mayis ayinda havalarin 1sinmasiyla kis
diyapozundan ¢iktig1 kanisina varilmistir. Tauber ve Tauber (2002) L. decemlineata’nin kis diyapozundan
¢itkma oranini %56.5 olarak tespit etmistir. Giirkan ve Bosgelmez (1984) ise bir kavanozun iginde kislama
donemine giren L. decemlineata’larin %75‘inin 6ldiiglinii; agik arazide kislatilan bireylerin ise %86’simin
O0lmeden kisladigini tespit etmislerdir. Zararlinin kislama doneminden ¢ikis oranlarma etki eden bircok
faktér bulunmaktadir. Hiiesaar vd. (2006) agir biinyeli topraklarda kislama dénemine giren Patates
boceklerinin, hafif biinyeli topraklarda kislamaya giren bireylere kiyasla daha ¢ok 6liim oranina sahip
oldugunu tespit etmislerdir. Zararlinin kislama doneminden c¢ikis oranlarinda bu denli farkliliklarin
bulunmasinin nedeninin, kislama derinligi, kislamanin gergeklestigi toprak striiktiiriindeki farklhiliklar,
bolgenin iklim 6zellikleri, kislama Oncesi Patates bocegi'nin beslenmesine bagli olarak biriktirdigi enerji
depolarmin farkliligi, toprakta bulunan entomopatojen mikroorganizma varligi, Patates bocegi'nin kis
diyapozuna girdigi topragin nem oranindaki azalmanin kigslama déneminden c¢ikislar1 geciktirici ya da
durdurucu etkisinin olmasi gibi nedenlerden ileri gelebilecegi diistiniilmiistiir (Glirkan ve Bosgelmez 1984;
Weber ve Ferro 1993; Tauber vd. 1994; Hiiesaar vd., 2006). Giirkan ve Bosgelmez (1984), zararlinin kislama
doéneminden ¢ktigr andaki toprak sicakligmi sirasiyla 13.4 °C ve 14 °C olarak tespit etmislerdir.
Yiiriittigiimiiz calismalarda ise zararlinin kis diyapozundan ¢iktig: tespit edildiginde, toprak sicaklig: 2021
yili i¢in 15.4 °C, 2022 yili icin ise 14.8 °C olarak tespit edilmistir. Tespit edilen bu degerlerin, Giirkan ve
Bosgelmez (1984)'in bildirdigi toprak sicakliklarryla uyumlu oldugu sonucuna varilmisgtir.

SONUC

Bolu ili merkez ovasinda 2020-2021 patates iiretim sezonlarinda gergeklestirilen dogal diisman arazi
calismalarinda 2020 yilinda C. carnea ve S. undecimnotata dogal diismanlari tespit edilmistir. Calismanin her
iki senesinde parazitoit ¢ikigini tespit etmek amaciyla kiiltiire alinan Patates bocegi'nin ergin, larva ve
yumurtalarindan herhangi bir parazitoit ¢ikisi belirlenmemistir. Gergeklestirilen bu ¢alismada az sayida
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dogal diisman tespit edilmesinin ve herhangi bir parazitoit ¢ikisinin tespit edilmemesinin nedeninin
kontrolsiiz gerceklestirilen insektisit uygulamalarinin dogada bulunan dogal diisman varhigia ciddi
zararlar vermesinin bir gostergesi oldugu diistiniilmiigtiir.

Iki y1l boyunca siirdiiriilen Patates bocegi'nin kiglama &zelliklerinin belirlenmesi caligmalarinda zararlinin
¢alismanin ilk y1l1 11 Ekim 2020 tarihi itibariyle kislama dénemine girdigi, 15 Mayis 2021 tarihinde kislama
doneminden c¢iktig1 tespit edilmistir. Calismanin ikinci yilinda ise zararlinin 05 Ekim 2021 tarihinde
kislama donemine girdigi, 09 Mayis 2022 tarihinde ise kislama doneminden ¢iktig1 belirlenmistir. Ayrica
L. decemlineata’nun kis diyapozundan ¢ikma zamanu tespit edildiginde olciilen toprak sicakligi 2021 yili igin
15.4 °C, 2022 y1li i¢in ise 14.8 °C olarak tespit edilmistir.

Hem insan beslenmesinde hem de gida endiistrisinde yogun olarak kullanimiyla diinya {ilkelerinde
vazgecilmez bir yere sahip olan patates yetistiriciliginde zararlilara kars1 yogun insektisit kullaniminin
dogal dengeye verdigi zararin en aza indirilmesi amaciyla, ilaglamalarin dogal dengenin korunmas:
hassasiyetiyle makul seviyeye cekilmesi, L. decemlineata’ya karsi miicadele metotlar: arasinda kiiltiirel
miicadele yontemlerinin daha ¢ok 6n plana ¢ikmasi gerektigi kanisina varilmstir.

CIKAR CATISMASI
Yazarlar arasinda herhangi bir ¢ikar catismas: bulunmamaktadir.

YAZAR KATKISI

Yazarlar makaleye esit oranda katk: saglamis olduklarini beyan eder.
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Akdeniz meyvesinegi, Ceratitis capitata (Wiedemann) (Diptera: Tephritidae)’ nin Marmara Bolgesi
Meyve Bahcelerine Bulasma Yollari, Kislama Durumu ve Alinmasi Gerekli Onlemler
The Transmission Pathways of the Mediterranean fruit fly, Ceratitis capitata (Wiedemann), (Diptera:
Tephritidae) into Fruit Orchards of the Marmara Region, Capacity of Overwintering and the

Precautions Should Be Taken
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Oz: Akdeniz meyvesinegi, Ceratitis capitata (Wiedemann) (Diptera: Tephritidae), ticari deger tastyan bircok meyve tiiriiniin énemli bir zararlisidir. Bazi {ilkelerin
karantina listesinde yer alan bu zararli kayda deger ekonomik kayiplara yol acabilmektedir. Daha ¢ok tropik ve subtropik bolgelerde yaygin olan Akdeniz meyve
sinegine Marmara Bolgesinde de rastlanilmistir. Bu ¢alisma Akdeniz meyvesineginin Marmara Bolgesi (Bursa, Kocaeli ve Yalova)'ndeki meyve bahgelerine
bulagma yollarini, kislama durumunu ve alinmas: gerekli 6nlemleri belirlemek amaciyla ele alinmistir. Bulasma yollari; sebze-meyve hallerine ve sehirlerarasi
yol yakinindaki konukgu meyve tiirlerinin bulundugu bahgelere asilan para-feromon trimedlure’lu delta tipi tuzaklarda ergin takibi, meyvelerde vuruk kontrolii
ve vuruklu meyvelerin de laboratuvarda kiiltiire alinmasiyla belirlenmistir. Kislama durumu ise toprak 6rneklemesi, yumurta ve larva ile bulasik meyvelerin
bahgede tel kafes altina birakilmasi, laboratuvar kosullarinda elde edilen pupalarin saksi igerisinde tel kafes altina konulmasi, konukgu meyve agaglarinin tag iz
diisiimiinii kapsayacak sekilde tel kafes altina alinmast ile aragtirilmigtir. Marmara Bolgesinde 2015 - 2018 yillar1 arasinda yiiriitiilen bu ¢calismada tuzaklarda ilk
erginler sebze - meyve hallerinde mayis-haziran, meyve bahgelerinde ise temmuz-agustos-eyliil aylarinda goriilmiistiir. Meyve bahgelerinde yogun yakalanma
ekim aymnin tigiincii haftasinda, son yakalanma aralik ayimn ikinci haftasinda gergeklegmistir. Calisma sonucunda zararlinin Marmara Bolgesine Akdeniz ve Ege
Bolgesinden ticari amagla getirilen larva veya yumurta ile bulagik meyveler ile tagindig1 kanisina varilmisgtir. Ayrica, zararlimin bolge kosullarinda kisi toprakta
pupa veya meyve igerisinde larva déneminde gegirdigine dair bir bulgu elde edilmemistir. Zararlinin bolgeye bulasmamasi ve yerlesmemesi igin i¢ karantina
Onlemlerinin alinmasi, meyve-sebze hallerinde sanitasyonun saglanmasi, hasat sonrasinda yere dokiilen ve dalda birakilmig ticari deger tasimayan meyvelerin
imhas: gibi kiiltiirel ve yasal onlemlerin alinmasi énemli bulunmustur.

Anahtar Kelimeler: Ceratitis capitata, Kiglama, Bulagma yollari, Marmara Bolgesi

&

Abstract: The Mediterranean fruit fly (medfly), Ceratitis capitata (Wiedemann) (Diptera: Tephritidae), is a significant pest of many commercially valuable fruit
species. It is on the quarantine list of some countries and can lead to significant economic losses. Medfly, more common in tropical and subtropical regions, has
also been noticed in the Marmara Region. This study was executed to ascertain the medfly's transmission pathways to the orchards in the Marmara Region (Bursa,
Kocaeli, and Yalova Provinces), whether it will survive in the winter or not, and the necessary precautions to be taken. Transmission pathways were determined
by monitoring adults captured on the delta-type traps with parapheromone (trimedlure) placed into the fruit-vegetable wholesale market area and orchards close
to intercity roads weekly, examining infested fruits and obtaining adults from infested fruits in the laboratory. In relation to overwintering studies, soil samples
were taken; fruits containing egg and larvae were placed in a cage with wire mesh in orchards; the pupae obtained in laboratory conditions were placed in pots
under a wire cage; some host fruit trees were enclosed in cages with wire screen to cover the crown ridge. In this study, the first adults in the traps were caught
in the wholesale vegetable and fruit places in May and June, and in the orchards in July, August, and September in the Marmara Region from 2015 to 2018.
Intensive having captured in orchards appeared in the third week of October, and the last catching occurred in the second week of December. As a result of the
study, it was concluded that the pest is transported to the Marmara Region by the larvae or egg-contaminated fruits brought from the Mediterranean and Aegean
Regions for commercial purposes. In addition, regarding the medfly’s overwintering ability, no evidence was revealed that it could last the winter as a pupa in
the soil or a larva in fruit under local climatic conditions. The results indicate that if legal and cultural measures are implemented, such as national quarantine,
hygienic fruit and vegetable markets, and destroyed non-commercially valued fruits dumped on the ground and left on the branch, it will be possible to prevent
the transmission and settlement of the medfly into the region.

Keywords: Ceratitis capitata, Capacity of overwintering, Transmission pathways, Marmara Region
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Akdeniz meyvesinegi, Ceratitis capitata(Wiedemann) (Diptera: Tephritidae)’nin Marmara Bolgesi Meyve Bahgelerine Bulagma Yollari,
Kiglama Durumu ve Alinmas: Gerekli Onlemler

GiRis

Tarim {ilke niifusunun temel gida ihtiyaglarini karsilayan, ilgili sektorlere hammadde saglayan, istthdam
olusturan ve 6nemli miktarda ihracat geliri ile milli ekonomiye katkida bulunan énemli bir sektordiir.
Tiirkiye’'nin iklimi ve toprak yapisi birgok meyve tiirlerinin yetistirilmesine elveriglidir. Meyve tiretiminin
artis1 ile soguk zincir, gida muhafaza, isleme ve degerlendirilme konusundaki gelismeler ihracatin
artmasina yol agmstir. Tiirkiye'nin narenciye ve taze meyve ihracati1 2020 y1li itibariyla yaklasik iki milyar
dolardir (TUIK, 2021). Marmara Bolgesinde bazi onemli subtropik ve iliman iklim meyve tiirlerinin
yetistiriciligi yapilmaktadir. Bu bolge Tiirkiye ahududu tiiretiminin tamamini, kivi {iretiminin %44'nij,
seftali tiretiminin %41'ni, ayva {iretiminin %35ni, zeytin tiretiminin %33'nii, musmula tiretiminin %26’sin1,
erik liretiminin %21'ni, armut ve kestane {iretiminin %20’sini, kiraz tiretiminin %19'nu, ¢ekirdekli tiztim,
badem ve ceviz tiretiminin %20'ni, Trabzon hurmasi ve elma tiretiminin %5'ni kargilamaktadir (TUiK,
2021). Meyve {iretiminde verim ve Kkaliteyi olumsuz etkileyen faktorlerden birisi de zararh
organizmalardir. Zararli organizmalardan bazilar1 uluslararasi tarimsal iiriin ticaretine engel teskil
edebilmektedir. Akdeniz meyvesinegi (AMS), Ceratitis capitata Wiedemann, 1824 (Diptera: Tephritidae)’'de
ihracatta toleransi sifir olan zararh organizmalardandir (Elekgioglu, 2013a). Diinya’da tropik ve subtropik
tim bolgelere yayilmis olmasi, diger meyve sineklerine gore serin iklim bolgelerine de uyum
gosterebilmesi, 200’den fazla konukcusunun olmasi1 ve konukgularinin meyvelerine dogrudan zarar
vermesi AMS'nin 6nemini artirmistir (Liquido vd., 1991; Ricalde vd., 2012). En ¢ok tercih ettigi meyve
tiirleri basta turuncgiller olmak {izere Trabzon hurmasi, seftali ve incirdir. Bunlarin yaninda Tiirkiye icin
ekonomik deger tasiyan kayisi, ayva, erik, elma, armut da zaman zaman zarar verdigi konukgulardir
(Kahyaoglu ve Giirkan 2010; Kizilyamag, 2016; Tiring, 2015; Tosun, 2016). Zararli konukcularinin
meyvelerinde yumusama ve ¢okiintiiler olusturarak dokiilmelerine neden olmaktadir. Zarar orani yillara
gore %5-80 arasinda degisebilmektedir. Kis1 toprakta pupa veya meyve igerisinde larva déneminde
gecirmekte ve erginleri hava sicakliginin 16 °C iizerinde oldugu giinlerde yumurtalarini olgunlasma
baslangicindaki meyvelerin kabugu altina grup halinde birakmaktadir. Ege bolgesinde 4-5 Akdeniz
bolgesinde ise 7-8 dol verebilmektedir (Anonim, 2008). Akdeniz meyve sineginin Marmara Bolgesindeki
varligr belirlenmis (Genger, vd., 2005) olsa da zararliya 6zgii genis kapsamli bir bilimsel calismaya
rastlanilmamistir. Bu zararlimin miicadelesi esasen Akdeniz ve Ege Boélgesinde ekonomik olarak
yetistiriciligi yapilan narenciye ve diger meyve tiirlerinde {ireticiler tarafindan T.C. Tarim ve Orman
Bakanlig1, Zirai Miicadele Teknik Talimati'na gore (kiiltiirel, biyoteknik ve kimyasal metotlar kullanilarak)
yapilmaktadir. Ancak yapilan bu ¢alismalara ragmen, eger yeterli dnlem alinmazsa AMS’nin bulundugu
bolgeden diger yerlere tasinma riski her zaman vardir. Nitekim son yillarda Marmara Bolgesi'nde taze
meyve ihracatinda goriilen sorunlar, bircok meyve tiiriinde goriilen vuruklar, tiretici sikayetleri AMS nin
bolgede potansiyel zararli olma olasiligini dogrular niteliktedir. Ticari amag ile bulasik bolgeden ari alana
nakledilen meyve ve sebzeler sayesinde AMS'nin ayni yil igerisinde birden fazla giris yapabilmesi olasidur.
Bu girislerin uzun yillar devam etmesi, zararlinin genetik degiskenlik potansiyeli, istilaci tiir olma 6zelligi
gibi unsurlar goz oniinde bulunduruldugunda bolgeye yerlesme hipotezini giliclendirmektedir. Son
zamanlarda biyolojik istila konusundaki dikkatler yabanci tiirlerin yeni ortamlara giris oraninm
hizlandirmada insanlarin roliine odaklanmistir. Biyolojik istilalar ¢ok eskilere dayanmasina ragmen,
kiiresel ticaret arttikca istilanin siklig1 da artmaya devam edebilecektir (Malacrida vd., 2007). Tiirkiye’deki
farkli bolgeler ve buralardaki meteorolojik faktorler (sicaklik ve bagil nem) ile konuk¢u meyve tiirlerinin
kompozisyonu AMS'nin davranisinda farklilik olusturabilecektir. Zararli, Akdeniz Bolgesinde 7 - 8 dol
verirken (Tiring, 2015), Ege Bolgesinde 4 - 5 d6l verebilmektedir (Baspinar vd,. 2009). Zararlinin Marmara
Bolgesi (Bursa, Kocaeli ve Yalova)'ndeki genel durumunu (bolgeye tasinma yollar: ve bolgede kis1 gecirip
gecirmedigi, eger geciriyorsa hangi biyolojik evresi icin gegirdigi) ve alinabilecek onlemleri belirlemek
amaciyla bu ¢alisma yapilmistir. Akdeniz meyvesineginin bélgedeki durumuna agiklik getirmek, nasil
davranis sergiledigini anlamak bir miicadele stratejisi belirlemede énemli olacaktir. Miicadele yontemleri
cogunlukla benzer olsa da strateji ve zamanlama bolgeden bolgeye degisiklik gosterecegi icin miicadelenin
basarisinda dnemli yer tutabilecektir.
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MATERYAL VE METOT

Materyal

Akdeniz meyvesineginin farkli biyolojik donemleri, enfekteli meyve 6rnekleri, toprak, para-feromon, delta
tipi tuzaklar, kiiltiir kaplari, petri kaplari, elek (60 mesh), buz kutusu, biiytiiteg, plastik saksi, polietilen
torba, plastik sinek teli, kizil6tesi sicaklik 6l¢iim cihazi, iklim kayit cihazi, buzdolabi, GPS cihazi ve iklim
odasi ¢alismanin materyallerini olusturmustur.

Metot

Bulasma Yollarimin Belirlenmesi

Meyve-sebze hallerinin biiytiikliik durumuna gore; Bursa’da alt1 (6) Kocaeli'nde iki (2) ve Yalova’'da iki (2)
adet para-feromon trimedlure’lu delta tipi tuzaklar 2015 yilinda may1s ayinin ilk ve ikinci haftasinda, 2016
yilinda nisan ayimnin sonu ile mayis aymin ticlincii haftasinda, 2017 yilinda ise mayis ayinn birinci ile
tctincii haftasinda asilmistir (Cizelge 1).

Cizelge 1. Ceratitis capitata erginlerini yakalamak i¢in Marmara Bolgesindeki meyve-sebze hallerine asilan tuzaklarin
asilma ve son sayim tarihleri.

Table 1. Dates of hanging and last counting in traps installed in Marmara Region’s fruit and vegetable wholesales markets to catch
Ceratitis capitata adults.

11 flge [k asilma Son sayim [k asilma Son sayim [k asilma Son sayim
tarihi tarihi tarihi tarihi tarihi tarihi
Bursa Niliifer 12.05. 2015 17.11. 2015 28.04.2016 10. 11. 2016 04. 05. 2017 30.11.2017
Kocaeli Basiskele 07.05. 2015 07.09. 2015 16. 05. 2016 26.10. 2016 12.05.2017 20.10. 2017
Yalova Merkez 12.05. 2015 02.11. 2015 09. 05. 2016 05.10. 2016 15. 05. 2017 21.11.2017

Bunlara ilave olarak Bursa ilinde sehirlerarasi yol kenarlarindaki (Bursa — Eskisehir — Balikesir - Canakkale)
bahgelere de alt1 (6) adet, meyve-sebze halinde bulunan ¢opliik, meyve suyu fabrikas: (Giirsu/Bursa) atik
alanina da ikiser adet aymi tuzaklardan asilmistir. Tuzaklar hakim riizgar yoniinde ve aralarinda en az 30
m olacak sekilde yerden 1.5 — 2 m yiikseklige asilmistir. Tuzaklarin dogrudan giines 1s181na, giiclii
riizgarlara ve yol tozlarina maruz kalmamasina 6zen gosterilmistir. Para-feromon kapstilleri {iretici firma
talimatinda Onerilen siireye gore 3 - 4 haftada bir degistirilmistir. Tuzaklar ilk ergin yakalanincaya kadar
haftada iki kez, ilk ergin yakalandiktan sonra ise haftalik olarak takip edilmistir. Tuzaklarda iki hafta {ist
iiste AMS ergini yakalanmadiginda ¢alismaya son verilmistir.

Meyve Bahcelerine Bulasmanin Belirlenmesi

Tuzaklarla yapilan ¢alismalar: Bu ¢alisma Bursa ve Yalova’da erik, kayisy, kiraz, seftali, incir, elma, armut,
Trabzon hurmasi ve ayvada Kocaeli'nde ise armut, elma ve ayva bahgelerinde yiiriitiilmiistiir. Her bir
meyve tiiril i¢in en az bir bahge secilmis ve her bahgeye iki tuzak asilmaistir. [k tuzaklar hava sicakliginin
17 °C yaklastiginda erik, kayisi ve kiraz bahgelerine diger meyve tiirlerine ise meyve baglama donemine
gore asilmis ve kasim aymin son haftasina kadar kontrol edilmistir (Cizelge 2). Meteorolojik veriler en
yakin Meteoroloji Miidiirliiklerinden alinmaistir.

Cizelge 2. Ceratitis capitata erginlerini yakalamak icin Marmara Bolgesindeki meyve bahgelerine asilan tuzaklarm
asilma ve son sayim tarihleri.
Table 2. Dates of hanging and last counts of the adult of Ceratitis capitata in traps installed in the Marmara Region’s fruit orchards.

1 flge Koy [k asilma Son sayim flk asilma Son sayim flk asilma Son sayim
tarihi tarihi tarihi tarihi tarihi tarihi
Bursa Osmangazi  Seg 12.05.2015 11.12.2015 28.04. 2016 24.11. 2016 04. 05. 2017 23.11. 2017
Kocaeli ~ Basiskele Esme 07.05.2015 26.10. 2015 03. 05. 2016 26.10.2016 10. 05. 2017 27.10.2017
Yalova Merkez Enstitii  20. 04. 2015 30.11. 2015 07. 06. 2016 29.11. 2016 07.04. 2017 28.11. 2017

Tuzaklarin asilmasi, feromonlarmin degistirilmesi ve takibi meyve-sebze halleri ile sehirlerarasi yol
kenarindaki bahgelerdeki yonteme gore yapilmisgtir.
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Meyvelerin Kiiltiive Alinmasi: Bahgeleri temsil edecek sekilde her bir meyve tiirii i¢in her bir bah¢eden 100’er
adet meyve, olgunlasma doneminde agaclardan toplanarak Atatiirk Bahge Kiiltiirleri Merkez Arastirma
Enstitii, Bitki Saglig1 Boliimii entomoloji laboratuvarina getirilmis, 10'luk gruplar halinde dibinde 5 cm
kalinliginda odun talas1 bulunan 40 x 30 x 20 cm plastik kaplara konulmus ve {tizeri tiilbent bez ile
kapatilmigtir. Daha sonra bu kaplar iklim odasinda (25 + 1 °C sicaklik, %65 + 5 nispi nem, 16 saat aydinlik
8 saat karanlik) ergin ¢ikisi olup olmadigini gozlemlemek igin kiiltiire alimmistir. Kiiltiir kaplar: her hafta
kontrol edilerek ede edilen erginler her bir meyve tiirii i¢in ayr1 ayr1 kaydedilmistir.

Ilek (erkek) incir ile bulasmanin belirlenmesi: Ege Bolgesinden her yil délleyici olarak bélgeye getirilen ilek
incir igerisinde AMS'nin yumurta/larva doneminde bdlgeye tasinip tasinmadigini belirlemek i¢in Aydin
ilinden temin edilen 100 adet ilek incir meyvesi iklim odasinda (25 + 1 °C sicaklik, %65 + 5 nem, 16 : 8 saat
Aydinlik: Karanlik) 10’arhh gruplar halinde plastik kaplarda (40 x 30 x 20 cm) kiiltiire alinmistir. Kiiltiire
alma isleminde once kaplara yaklasik 10 cm derinlikte odun talasi konulmus ve talas tizerine meyve
ornekleri birakilmis ve kaplar tiilbent bezi ile kapatilmistir. Kaplar her hafta kontrol edilerek ergin ¢ikislar:
kaydedilmistir.

Kislama ile Ilgili Yapilan Calismalar

Toprak ornegi alma: Calisma Bursa ve Yalova illerinin 5 farkli lokasyonundan segilen seftali ve incir, Trabzon
hurmas: bahgelerinde yapilmistir (Cizelge 3). Nisan-mayis aylarinda toprak sicakligi 9.7 °C, hava
sicakliginin ise 17 °C yaklastig: giinlerde Boller ve Remund (1987)’e gore bahgeleri temsil edecek sekilde 10
agac secilmistir. Agaglarin 4 farkli yoniinden her bahge icin 10 adet olmak tizere toplam 40 adet toprak
ornegi silindir kaplarla (15 x 5 cm) en az 10 cm toprak derinliginde alinmistir. Alinan toprak érneklerinin
alindig1 yer ve toprak sicaklari ayr1 ayri kaydedildikten sonra plastik kaplar icerisinde laboratuvara
getirilmistir. Laboratuvarda 60 mesh’lik elekten gegirilerek toprak 6rneklerinde zararli pupalari aranmisgtir.
Daha sonra kiiltiir kaplarinda bu topraklarin iizeri tiil bezlerle kapatilarak laboratuvar kosullarinda ergin
cikisi igin bekletilmistir.

Cizelge 3. Ceratitis capitata’nin kiglama durumunu belirlemek icin alinan toprak orneklerinin yeri, tarihi, meyve tiirleri
ve koordinatlar.
Table 3. Location, date, fruit species and coordinates of soil samples taken to determine the wintering potential of Ceratitis capitata.

il flge Koy Meyve Tiirii Tarih Koordinatlar
Bursa Mudanya Isikl Diirdane inciri 28. 04. 2015 40°20'55.83"N
09. 05.2016 28°51'57.48"E
Bursa Mudanya Cepni Diirdane inciri 28. 04. 2015 40°20'31.26"N
09. 05. 2016 28°50'33.19"E
Bursa Glrsu Kumlukalan Seftali 28. 04. 2015 40°14'15.31"N
09. 05. 2016 29°9'12.91"E
Yalova Merkez Enstitti Bahgesi Trabzon hurmasi 20. 04. 2015 40°39'36.32"N
11. 05. 2016 29°17'54.22"E
Yalova Merkez Enstitii Bahgesi Seftali 20. 04. 2015 40°39'35.10"N
11.05. 2016 29°17'33.62"E

Pupalarin Kafes Altinda Alinmasi: Bunun igin elma, ayva ve Trabzon hurmas: meyve bahgelerinden alman
kurtlu meyveler polietilen torbalar icerisinde laboratuvara getirilmistir. Daha sonra igerisinde 5 cm
kaliginda odun talasi bulunan plastik kaplara (30 x 40 x 25 cm) alinan meyve ornekleri tiilbent bezi ile
kapatilarak iklim odasinda (26 + 1 °C sicaklik, %65 + 5 nispi nem, 16 saat aydinlik 8 saat karanlik) kiiltiire
alinmigtir. Kiiltiire alinan meyve Orneklerinden elde edilen pupalardan 400 adedi alt tarafinda drenaj
delikleri bulunan ve igerisine steril edilmis bir kat (5 cm) tas pargalari, bir kat (5 cm) kum ve bir kat (5 cm)
toprak konulmus olan plastik saksilara (15 x 20 cm) el degmeden 20’ser adet birakilarak {izeri 5 cm toprakla
ortiilmiistiir. Daha sonra bu plastik saksilar Atatiirk Bahge Kiiltiirleri Merkez Arastirma Enstitii'ne ait
Trabzon hurmasi bahgesinde yerlestirilen {izeri 1 x 1 mm gozenek ebatlarindaki plastik sinek teli ile kapl
(2 x 2 x 2 m) kafes altindaki topraga yiiksekliginin yaklasik yarisina kadar (10 cm) topraga gomiilmiistiir.
Pupalar1 karincalardan korumak amaciyla bu saksilarin etraft sinek teli ile sarilmistir. Ertesi yil mayis
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ayindan itibaren ergin ¢ikisi kontrolleri kafes icerisine asilan delta tipi para-feromonlu tuzaklar ile her hafta
yapilmustir.

Enfekteli Meyvelerin Kafes Altina Birakilmasi: Yalova ili Atatiirk Bahge Kiiltiirleri Merkez Arastirma Enstitii
bahgesinde ekim-kasim aylarinda yere dokiilmiis veya dalda kalmis olan zararh larvalar: ile bulagik 200
adet Trabzon hurmasi ve 100’er adet ayva, elma ve armut meyveleri doga kosullarinda iizeri sinek teli ile
kaph kafesler (2 x 2 x 2 m) altindaki toprak {izerine birakilmistir. Ergin ¢ikisinin takibi ertesi yil mayis —
agustos aylarinda kafes igerisine asilan para-feromonlu delta tipi tuzaklarla her hafta yapilmstir.

Meyve Agaglarimin Kafes Altina Alinmasi: Bir yil 6nceden zararlinin yogun olarak tespit edildigi enstitii
bahgesindeki 2 adet Trabzon hurmasi agaci yaklasik 20"ser m? toprak alani ile 2018 yil1 mart aymda sinek
teli ile kapli kafeslerin (4 x 4 x 4 m) altina alinmistir. Ergin takibi kafes icerisine 1.7 m’ye asilan para-
feromonlu delta tipi tuzaklarla mayis-ekim aylarinda her hafta yapilmistir.

Meyve Kontrolii: Zararlinin meyve igerisinde larva doneminde kislamasini belirlemek i¢in elma (Golden
¢esidi) bahgesinde kasim ayinun ilk haftasinda yere dokiilmiis ve dalda kalmis olan 200 adet 1skarta meyve
toplanarak laboratuvara getirilmistir. Bu meyve Ornekleri disekte edilerek igerisinde larva bulunup
bulunmadig1 arastirilmistir. Dalda kalan 1skarta meyveler 4 adet sifon dal kafesine (30 x 60 cm) alarak
ertesi y1l haziran ayindan itibaren ergin ¢ikislar: takip edilmistir.

Soguk Hava Depolarinda Kist Gegirip Gegirmediginin Belirlenmesi: Hava sicaklig1 17 °C yaklastiginda Bursa ili
Giirsu ilgesini temsil edecek sekilde secilen 3 adet meyve deposuna ikiser adet para-feromonlu delta tipi
tuzak mayis ayinda asilmis haftalik olarak kasim ay1 sonuna kadar kontrol edilmistir. Ayrica her hafta atik
meyve kontrolleri yapilarak zararlinin ergin 6ncesi biyolojik evreleri aranmistir.

BULGULAR VE TARTISMA

Bulasma Yollarinin Belirlenmesi

Sebze ve meyve hallerine asilan tuzaklar ile yapilan calisma sonuglarina gore; 2015’de Kocaeli ilinde 07. 09.
2015’de sadece bir ergin, Yalova ilinde ise yine sadece 26. 10. 2015 ve 02. 11. 2015’de birer ergin
yakalanmistir. Calismanin ikinci yili olan 2016’da Kocaeli'nde 21. 09. 2016, 19. 10. 2016 ve 26. 10. 2016
tarihlerinde birer ergin, Yalova’da ise 28. 09. 2016 ve 05. 10. 2026'da iki ve bir ergin goriilmiistiir. Ugiincii
yilda (2017) ise her iki lokasyonda da ergin yakalanmamuistir. Bursa ilindeki sebze-meyve halinde yapilan
calismadaki popiilasyon degisimi ise Sekil 1’de verilmistir.
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Sekil 1. Ceratitis capitata’nin Bursa sebze, meyve halindeki 2015, 2016 ve 2017 yillarindaki popiilasyon degisimi.
Figure 1. Population fluctuation of Ceratitis capitata in Bursa fruit and vegetable wholesale markets in 2015, 2016 and 2017.

Bursa halinde yapilan ¢alismanin birinci yilinda ilk yakalanma tuzak asma tarihinden (12. 05. 2015) sonra
besinci haftada (09. 06. 2015) 1 birey 6 tuzak™ olarak gerceklesmistir. Bu tuzaklarda en yogun yakalanma
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yirminci haftada (17. 11. 2015) ortalama 6 + 1.4 varyasyon katsayisi (CV) = %23.33 ve son yakalanma ise 28.
haftada (17. 11. 2015) yine bir (1) ergin tuzak olarak gerceklesmistir. Bu alanda yapilan ¢alismanin ikinci
yilinda (2016) tuzak asildiktan (28. 04. 2016) sonra besinci haftada (26. 05. 2016) ilk erginler (2 ergin 6 tuzak-
1) yakalanmustir. En yogun yakalanma 11. haftada (07. 07. 2016)'da ortalama 20 + 7.07 ergin 6 tuzak™, CV =
%35 ve son yakalanma ise 26. Haftada (10. 11. 2016) 2 ergin 6 tuzak™ olarak gerceklesmistir. Yine bu alanda
2017 yilinda tuzaklar asildiktan (04. 05. 2017) sonra 8. haftada (15. 06. 2017) ilk yakalanma (8 ergin 6 tuzak-
1)) gerceklesmistir. En yogun yakalanma 11. haftada (13. 07. 2017) ortalama 30 + 8,1, CV = %27 ve son
yakalanma ise 28. haftada (30. 11. 2017) 1 ergin 6 tuzak™) olarak kaydedilmistir (Sekil 1).
Bursa ili meyve-sebze halinde satis degeri olmayan meyvelerin dokiildiigii ¢op alanina 12. 05. 2015’de
asilan ve 15. 12. 2015’e kadar haftalik araliklarla yapilan kontroller sonucunda iki tuzakta 04. 08. 2015 ve
10. 09. 2015 tarihlerinde birer adet olmak iizere toplam iki adet ergin yakalanmistir. Ayni tarihlerde asilan
ve kontrol edilen Yalova ilindeki ¢op alanindaki tuzaklarda yakalanma olmamaistir. C6p alaninda ikinci yil
yapilan ¢alismada; (28. 04. 2016 - 24. 11. 2016) iki tuzakta y1l boyunca sadece 10. 11. 2016’de bir adet ergin
yakalanmistir. Yalova ilinde ise ayni tarihlerde ¢op alaninda ergin yakalanmamustir.
Bursa ilinde sehirlerarasi yol kenarinda bulunan bahgelere asilan tuzaklarda ilk yakalanma (13. 10. 2016)
ortalama olarak 2 ergin 6 tuzak?!, maksimum yakalamada (27. 10. 2016) ortalama 6 ergin 6 tuzak?, son
yakalanmada (24. 11. 2016) ise 1 ergin tuzak! kaydedilmistir. Yol kenarina 05. 05. 2017’ de asilan tuzaklarda
ilk ve son yakalama 17. 10. 2017’de 2 ergin 6 tuzak- olarak kaydedilmistir.
Calisma siiresindeki ii¢ yillik aylik ortalama bagil nem ve sicaklik verileri Sekil 2’de verilmistir.

Nem (Ort.)
(%)

Sicaklik (Ort.)

O ¢

Ocak 15
Subat 15
Nisan 15

Haziran 15
Eylil 15
Ekim 15

Kasim 15
Aralik 15
Mart 16
Nisan 16
Mayis 16
Haziran 16
Temmuz 16
Agustos 16
Eylil 16
Ekim 16
Aralik 16
Ocak 17

Temmuz 15
Agustos 15

Sekil 2. Bursa ili 2015, 2016 ve 2017 yil1 aylik ortalama sicaklik ve % nem verileri.

Haziran 17
Temmuz 17

Figure 2. Monthly average temperature and % humidity data in Bursa province in 2015, 2016 and 2017 .

Bahgelere Bulasmanin Belirlenmesi
Bursa ilinde yapilan ¢alismalar

Agustos 17

Eyliil 17

Ekim 17
Kasim 17

Aralik 17

2015 yilinda yapilan ¢alismalar: Bursa ili Osmangazi ilgesi Seg ve Selgukgazi koylerinde 12. 05. 2015’ de incir,
nar, Trabzon hurmasi ve ayvaya asilan tuzaklarda hi¢ yakalanma olmamis ancak, ayni giin Derecavus
koytinde seftali bahgesine asilan tuzaklarda ilk yakalanma 20. 08. 2015’de ortalama 6 ergin tuzak! (tuzak 1
=7, tuzak 2 = 5) olarak gerceklesmistir. Daha sonra 03. 09. 2015 tarihine kadar yakalanma olmamuistir. Bu
koydeki tuzaklarda tepe noktas: 12. 11. 2015’de ortalama 21 ergin tuzak™ (tuzak 1 = 24, tuzak 2= 18) ve en
son yakalanma ise 11. 12. 2015’de ortalama 8 ergin tuzak! (tuzak 1 =12, tuzak 2 = 4), olarak gerceklesmistir.
Bu koydeki elma bahgesine (Granny Smith) asilan tuzaklarda, meyve kontrollerinde ve kiiltiire alinan
meyvelerde AMS'nin herhangi bir biyolojik evresine rastlanilmamigtir. Glirsu ilgesi Kumlukalan
koytindeki tuzaklarda ilk erginler 18. 08. 2015’de armutta 1 adet olarak yakalanmistir. Adakdy ve
Agakoy’deki tuzaklarda ilk yakalanmalar her iki kdyde de 20. 10. 2015’de armut ve seftalide sirasiyla
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ortalama 5 ergin tuzak-! (tuzak 1 =8, tuzak 2 = 2) ve 7 ergin tuzak™ (tuzak 1 = 8, tuzak 2 = 6), tepe noktalar1
16. 11. 2015 tarihinde armut ve seftalide sirasiyla ortalama 11 ergin tuzak-! (tuzak 1 =12, tuzak 2 =10) ve 14
ergin tuzak (tuzak 1 =16, tuzak 2 = 8), en son yakalanmalar ise 01. 12. 2015’de 1 ve 2 ergin olarak armutta
gerceklesmistir. Yildirim ilgesi Cumalikizik kdytindeki Trabzon hurmasi bahgelerine 18. 08. 2015’ de asilan
tuzaklarda ilk yakalanma 13. 10. 2015’de 3 ergin tuzak™ (tuzak 1 = 5, tuzak 2 = 1), tepe noktas1 27. 10.
2015’de 8 ergin tuzak! (tuzak 1=13, tuzak 2 = 3), son yakalanma 31. 11. 2015’de 1 adet ergin 2 tuzak olarak
kaydedilmistir.

2016 yilinda yapilan ¢alismalar: Osmangazi ilgesi Se¢ ve Selgukgazi kdylerindeki meyve bahgelerinde nisan
sonu ve mayis baslarindan kasim ay1 sonuna kadar tuzaklarda yakalanma goriilmemistir. Deregavus
koyiindeki seftali bahgesine 10. 06. 2016’da asilan tuzaklarda ilk yakalanma 22. 07. 2016’da ortalama 2 ergin
tuzak-! (tuzak 1 = 3, tuzak 2 = 1), tepe noktas1 10. 10. 2016’de 26 ergin tuzak™’ (tuzak 1 = 33, tuzak 2=19) en
son yakalanma ise 14. 11. 2016'da 15 ergin tuzak™ (tuzak 1 = 18, tuzak 2 = 12) olarak gerceklesmistir. Giirsu
ilgesi Kumlukalan koyiindeki seftali bahgesine 28. 04. 2016’da asilan tuzaklarda ilk erginler 04. 08. 2016’da
ortalama 10 ergin tuzak? (tuzak 1 = 15, tuzak 2 = 5) olarak yakalanmistir. Bu kdyde elma ve armut
bahgelerine 05. 05. 2016 ve ayva bahgesine ise 25. 08. 2016’da asilan tuzaklarda tepe noktalar: seftali, armut,
elma ve ayvada sirasiyla ortalama 655 (tuzak 1 = 905, tuzak 2 = 405), 1055 (tuzak 1 = 1210, tuzak 2 = 900),
680 (tuzak 1 =798, tuzak 2 = 562) ve 185 (tuzak 1 =98, tuzak 2 = 87) ergin tuzak™ olarak gerceklesmistir. En
son yakalama ayva bahgesinde 24. 11. 2016 ortalama 3 ergin tuzak- (tuzak 1=3, tuzak 2=1) goriilmiistiir. Bu
koydeki tuzaklarda tepe noktast harig ilk yakalanmadan (22. 07. 2016) son yakalanmaya (14. 11. 2016) kadar
olan siirede ortalama 1 - 18 ergin tuzak' olarak belirlenmistir. Yildirim ilgesi Cumalikizik koyiindeki
Trabzon hurmasi bahgelerine 29. 07. 2016’da asilan tuzaklarda ilk yakalanma 01. 09. 2016’da 2 (tuzak 1 =4,
tuzak 2 = 0), tepe noktas1 20. 10. 2016’da 106 (tuzak 1 =112, tuzak 2 = 100), son yakalanma 24. 11. 2016’da 4
ergin tuzak™ (tuzak 1 = 6, tuzak 2 = 2) olarak kaydedilmistir.

2017 yilimda yapilan ¢alismalar: Osmangazi ilgesi Seg ve Selgukgazi kdylerindeki meyve bahgelerinde nisan
sonu ve mayis baslarindan kasim ay1 sonuna kadar tuzaklarda yakalanma goriilmemistir. Giirsu ilgesi
Kumlukalan kéytindeki seftali bahgesine 04. 05. 2017’ de asilan tuzaklarda ilk erginler 07. 09. 2017’de 1 ergin
2 tuzak olarak yakalanmistir. Bu kdyde elma, armut ve ayva bahgelerine sirasiyla 12. 05. 2017, 12. 05. 2017
ve 24. 07. 2017’de asilan tuzaklarda ayvada ilk yakalanmalar 28. 09. 2017’de ortalama 1 ergin tuzak™ (tuzak
1 =2 tuzak 2= 0) elma ve armutta 19.10.2017’de sirasiyla 1’er ergin 2 tuzak" olarak gerceklesmistir. Tepe
noktalar1 09. 11. 2017’de seftali, armut, elma ve ayvada sirasiyla ortalama 7 (tuzak 1 = 8, tuzak 2 = 6), 10
(tuzak 1 =12, tuzak 2 = 8) 3 (tuzak 1 =5, tuzak 2 = 1) ve 4 ergin tuzak™ (tuzak 1= 5, tuzak 2 = 3) olarak
goriilmistiir. En son yakalama ayva bahgesinde 23. 11. 2017’de ortalama 1 ergin tuzak™ (tuzak 1 =1, tuzak
2 =1) kaydedilmistir. Yildirim ilgesi Cumalikizik kodyiindeki Trabzon hurmasi bahgelerine 13. 07. 2017’de
asilan tuzaklarda ilk yakalanma 05. 10. 2017’de ortalama 2 (tuzak 1 = 3, tuzak 2 = 1), tepe noktas1 02. 11.
2017’de 10 (tuzak 1 =12, tuzak 2 = 8), son yakalanma 23. 11. 2017’de 2 (tuzak 1 =2, tuzak 2 = 2) ergin tuzak-
1 olarak gerceklesmistir.

Kocaeli ilinde yapilan ¢alismalar

2015 yilinda yapilan calismalar: Kartepe ilgesinin Esme koyiinde 07. 05. 2015'de ayva bahgelerine asilan
tuzaklarda 05.10. 2015 ve 26. 10. 2015’de birer adet ergin yakalanmis ve daha sonra yakalanma olmamastir.
Karamiirsel Akcat ve Golciik Thsaniye kdylerinde hig yakalanma olmamistir. Gebze ilgesi Demirciler
koytindeki 10 da’lik karisik meyve agaglarina 31. 07. 2015 tarihinde asilan tuzaklarda ortalama 2 (tuzak 1 =
3, tuzak 2 = 1) ergin yakalanmistir. Bu tuzaklarda 30.09.2015’den sonra yakalanma olmamustir. Kocaeli ili
Karamiirsel ilgesi Akcat kdyii ile Golciik ilgesi Thsaniye kdylerinde kiraz, seftali ve armut bahgelerine asilan
tuzaklarda ve meyve drneklerinde zararhya rastlanilmamuistir.

2016 yilinda yapilan ¢alismalar: Kartepe ilgesinin Esme koyiinde ayva bahgesine 03. 05. 2016'da asilan
tuzaklarda ilk yakalanma 01. 08. 2016'da ortalama 1 (tuzak 1 =2, tuzak 2 = 0), tepe noktas1 19. 09. 2016'da 2
(tuzak 1 =3, tuzak 2 = 1) ve en son yakalanma ise 24. 10. 2016'da 1 ergin tuzak™ (tuzak 1 =1, tuzak 2 = 1)
olarak yakalanmistir. Golciik ilgesi Hisareyn kdyiinde seftali ve armut bahgelerine asilan tuzaklarda ilk
yakalanma 19. 07. 2016’ da 1 ergin 2 tuzak™?, tepe noktas1 3 ergin 2 tuzak, son yakalanma ise 08. 10. 2016'da
1 ergin 2 tuzak! olarak gerceklesmistir. Bu koyde 2 tuzakta yil boyunca toplam 9 ergin yakalanmigtir.
Gebze ilgesi Demirciler kdyiinde seftali ve armut bahgelerine asilan 05. 07. 2016'da asilan tuzaklarda ilk
yakalanma 31. 08. 2016'da 1 ergin 2 tuzak™ olarak yakalanmigtir. Tuzaklarda 1 ergin 2 tuzak'dan fazla
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yakalanma olmamis en son yakalanma 26. 10. 2016'da goriilmiis toplam olarak tuzaklarda 4 ergin
yakalanmistir. Kocaeli ilinin Karamiirsel ve Gebze ilgelerindeki meyve bahgelerinde nisan sonu ve mayis
baslarindan kasim ay1 sonuna kadar tuzaklarda yakalanma goriilmemistir.

2017 yilmda yapilan ¢alismalar: Kocaeli ili Golctiik ilgesi Hisareyn koyii ve Kartepe ilgesi Esme koyiinde 10.
05. 2017’de seftali bahgelerine asilan tuzaklarda yakalanma kasim ayina kadar olmamustir. Ancak aym
tarihlerde Golciik ilgesi Hisareyn koyii armut bahgelerine asilan tuzaklarda ilk yakalanma 17. 10. 2017’de
1 ergin 2 tuzak™ olarak gerceklesmis ve 24. 10. 2017’de ortalama 4 ergin tuzak! (tuzak 1 = 6, tuzak 2 =2) ve
iki tuzakta birer ergin yakalandiktan sonra zararli bir daha tuzaklarda goriilmemistir. Kartepe ilgesi
Balaban koytinde 24. 10. 2017’de Trabzon hurmasinda 1 ergin 2 tuzak? ve Esme koyiinde 27. 10. 2017’de
yine 1 ergin 2 tuzak™ olarak yakalanma goriilmiistiir.

Yalova ilinde yapilan ¢alismalar

2015 yilinda yapilan ¢alismalar: Yalova ilinde enstitii bahgesindeki seftali agaglarina 20. 04. 2015 de asilan
tuzaklarda ilk yakalanma iki tuzakta bir adet ergin olarak 06.07.2015'de gerceklesmistir. Bu tarihten
itibaren 23. 11. 2015 tarihine kadar tuzaklarda yakalanma goriilmiis tepe noktasi olarak ortalama 183 ergin
tuzak™ (tuzak 1 = 248, tuzak 2 = 118) olarak 12.10.2015'de gerc¢eklesmistir. Armut, incir, elma, ayva ve
Trabzon hurmas: agaglarina asilan tuzaklarda ise ilk yakalanmalar sirasiyla 07. 09. 2015, 28. 09. 2015 ve 05.
10. 2015’de ortalama 2 (tuzak 1 =4, tuzak 2 =0), 4 (tuzak 1 =5, tuzak 2 = 3), 14 (tuzak 1 =15, tuzak 2=13), 3
(tuzak 1 =5, tuzak 2 = 1), 8 (tuzak 1 =9, tuzak 2 = 7) ergin tuzak™ olarak gerceklesmistir. Tepe noktalar1
ortalama olarak armutta 05. 10. 2015’de 34 (tuzak 1 =44, tuzak 2= 22), elmada 12. 10. 2015’de 21 (tuzak 1 =
25, tuzak 2 = 17), incirde 12. 10. 2015’de 8 (tuzak 1 = 10, tuzak 2 = 6), Trabzon hurmasinda 19. 10. 2015’de
280 (tuzak 1 = 310, tuzak 2 = 250) ergin tuzak™ olarak kaydedilmistir. En son yakalanma elmada 16. 11.
2015’de 2 (tuzak 1 = 3, tuzak 2 = 1) armut, incir, ayva ve Trabzon hurmas: 30. 11. 2015’de sirasiyla 2’ser
(tuzak 1 =4, tuzak 2 =0), (tuzak 1 =2, tuzak 2 =2), (tuzak 1 =3, tuzak 2 = 1), (tuzak 1 = 3, tuzak 2 = 1) ergin
tuzak-! olarak kaydedilmistir.

2016 yiinda yapilan ¢alismalar: Yalova ilinde enstitii kiraz, erik, kayis1 bahgelerine 07. 06. 2016, seftali, armut
bahgelerine 19. 07. 2016, 19. 07. 2016, elma bahgesine 09. 08. 2016, ayva, tiziim ve Trabzon hurmas: 16. 08.
2016’da asilan tuzaklarda ilk yakalanmalar 05. 07. 2016, 30. 08. 2016, 16. 08. 2016, 19. 07. 2016, 02. 08. 2016,
16. 08. 2016, 06. 09. 2016, 06. 09. 2016, 13. 09. 2016 ve 06. 09. 2016' da sirasiyla 14 (tuzak 1 =15, tuzak 2 = 13),
1 (tuzak 1 =2, tuzak 2 =0), 2 (tuzak 1 =4, tuzak 2 =0), 8 (tuzak 1 =10, tuzak 2 =6), 11 (tuzak 1 =15, tuzak 2
=7), 2 (tuzak 1 = 2, tuzak 2 = 2), 14 (tuzak 1 = 18, tuzak 2 = 10), 1 (tuzak 1 =1, tuzak 2 =1), 1 (tuzak 1 =1,
tuzak 2 =), 26 (tuzak 1 = 28, tuzak 2 = 24) ergin tuzak™ olarak gerceklesmistir. Tepe noktalari sirasiyla 17
(tuzak 1 =21, tuzak 2 = 13), 22 (tuzak 1 = 27, tuzak = 17), 27 (tuzak 1 = 33, tuzak 2 = 21), 602 (tuzak 1 = 653,
tuzak 2 = 549), 513 (tuzak 1 = 576, tuzak 2 = 450), 106 (tuzak 1 = 124, tuzak 2 = 88), 527 (tuzak 1 = 810, tuzak
2 =244), 180 (tuzak 1 =241, tuzak 2 = 119), 61 (tuzak 1 = 64, tuzak 2 = 58) ve 755 (tuzak 1 =900, tuzak 2 =
610) ergin tuzak olarak sirastyla 12. 07. 2016, 20. 09. 2016, 20. 09. 2016, 18. 10. 2016, 15. 11. 2016, 11. 10. 2016,
08.11. 2016 15. 11. 2016, 08. 11. 2016 ve 08. 11. 2016 tarihlerinde yakalanmistir. En son yakalanmalar ise 26.
07.2016, 20. 09. 2016, 04. 10. 2016, 22. 11. 2016, 29. 11. 2016, 29. 11. 2016, 29. 11. 2016, 29. 11. 2016, 29. 11. 2016
ve 29. 11. 2016 sirastyla 2 (tuzak 1 =1, tuzak 2 =1), 22 (tuzak 1 =27, tuzak 2 =17), 7 (tuzak 1 =8, tuzak 2 =
6), 2 (tuzak 1 =2, tuzak 2=2), 72 (tuzak 1 =98, tuzak 2 = 46), 301 (tuzak 1 =510, tuzak 2 =92), 7 ( Tuzak 1= 8§,
tuzak 2 =6), 2 (tuzak 1 =4, tuzak 2 =0), 61 (tuzak 1 =64, tuzak 2 = 58) ve 18 (tuzak 1 =20, tuzak 2 = 16) ergin
tuzak-! olarak kaydedilmistir. Kiraz ve erikte zararli ilk yakalandigi tarihten itibaren 4 hafta, kayisida ise 8
hafta yaklagik ortalama olarak 10 ergin tuzak?! olarak goriilmiistiir. Uziimde zararli 12 hafta siireyle
haftalik olarak yaklasik 15 ergin tuzak? yakalanmistir.

2017 yilmda yapilan ¢calismalar: Yalova ilinde enstitii kiraz, erik, kayisy, seftali, armut, elma, incir, ayva, tizim
ve Trabzon hurmasi bahgelerine sirasiyla 07. 04. 2017, 07. 04. 2017, 14. 04. 2017, 05. 05. 2017, 27. 06. 2017, 27.
06.2017, 04.07.2017, 11. 07. 2017, 11. 07. 2017 ve 18. 07. 2017'de asilan tuzaklarda kiraz, erik ve kayisida hig
yakalanma olmamustir. Seftali, armut, elma, incir, ayva, tiziim ve Trabzon hurmasi bahgelerinde ise ilk
yakalanmalar 15. 08. 2017, 29. 08. 2017, 29. 08. 2017, 29. 08. 2017, 19. 09. 2017, 17. 10. 2017, 12. 09. 2017
tarihlerinde sirasiyla 2 (tuzak 1 =3, tuzak 2 = 1), 2 (tuzak 1 = 3, tuzak 2 = 1), 4 (tuzak 1 =5, tuzak 2 = 3), 7
(tuzak 1=9, tuzak 2 =5), 2 (tuzak 1 =2, tuzak 2 =2), 1 ergin 2 tuzak ve 4 ergin tuzak™ (tuzak 1 = 6, tuzak 2
= 2) olarak gerceklesmistir. Tepe noktalar1 ortalama olarak sirasiyla 127 (tuzak 1 = 162, tuzak 2 = 92), 7
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(tuzak 1 =9, tuzak 2 =5), 33 (tuzak 1 =48, tuzak 2 = 18), 15 (tuzak 1 =21, tuzak 2 =9), 13 (tuzak 1 =19, tuzak
2=7),2 (tuzak 1 =2, tuzak 2 = 0) ve 43 ergin tuzak (tuzak 1 = 65, tuzak 2 = 21) olarak sirasiyla 17. 10. 2017,
14. 11. 2017, 17. 10. 2017, 14. 11. 2017, 07. 11. 2017, 21. 11. 2017 28.11.2017 tarihlerinde gergeklesmistir. En
son yakalanmalar ise ayva, elma ve Trabzon hurmas: bahgesinde ortalama 2 (tuzak 1 = 2, tuzak 2 = 2), 2
(tuzak 1 =2, tuzak 2 = 2) ve 2 (tuzak 1= 3, tuzak 2 =1 ) ergin tuzak- olarak belirlenmistir.

Calisma sonucunda Bursa ve Yalova'daki seftali, incir, elma, armut, Trabzon hurmasi ve ayva Kocaeli'de
seftali armut ve elma bahgelerindeki tuzaklarda yakalanmalar genellikle temmuz sonu ve agustos aymin
ilk haftasinda, yogun yakalanma ise eyliil-ekim ve kasim ayinda gerceklesmistir. Tuzaklarda erginler aralik

aymin ikinci haftasina kadar goriilmiistiir. Calisma siiresindeki {i¢ yillik aylik ortalama bagil nem ve
sicaklik verileri Sekil 3’de verilmistir.
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Sekil 3. Bursa, Kocaeli ve Yalova illeri 2015, 2016 ve 2017 yillar1 aylik ortalama sicaklik ve bagil nem verileri.
Figure 3. Monthly average temperature and % humidity data in Bursa, Kocaeli and Yalova provinces in 2015, 2016 and 2017.

Meyuvelerin Kiiltiire Alinmas1
Bahgeleri temsil edecek sekilde hasat oncesi veya sonrasinda yere dokiilmiis ve ticari deger tasimayan
dalda kalmis meyvelerden alinan meyve drneklerinden seftali, elma, armut, Trabzon hurmasi ve ayvada

zararl erginleri elde edilmis, zeytin, kiraz, erik, kayisida ise elde edilmemistir. Incirde ise sadece yere
dokiilen meyvelerde ergin ¢ikiglar: goriilmiistiir.

Ilek Incir ile Bahgelere Bulasmanin Belirlenmesi

Ege Bolgesinden dolleyici olarak bolgeye getirilen ilek incirlerden AMS ¢ikist olmamis ancak Silba adipata
McAlpine, (Diptera: Lonchaeidae) erginleri elde edilmistir.

Zararlimin Bolge Kosullarinda Kiglamast ile ilgili Yapilan Calismalar
Toprak Ornegi Alma

Zararlinin kis1 pupa evresinde toprakta kislayip kislamadigini belirlemek icin Boller ve Remund (1987)'ye
gore 28. 04. 2015 ve 09. 05. 2016’da Bursa, 20. 04. 2015 ve 11. 05. 2016’da Yalova illerindeki incir, seftali, ayva

ve Trabzon hurmasi meyve bahgelerinden alinan toprak oOrneklerine ait bilgiler Cizelge 4 ve 5de
verilmistir.

Bes farkli lokasyondan ve bes farkli meyve tiiriiniin bulundugu meyve bahgelerinin topragmin 10 - 12 cm
derinliginden alinan 6rneklerin sicakliklar: 2015 yilinda 12 + 0.7 °C - 17.8 + 0.8 °C ve 2016 yilinda ise 12.9 +
0.6 °C - 17 £ 0.7 °C arasinda degismistir. Calisma siiresinde alinan ve laboratuvarda elekten gegirilen 100
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adet toprak oOrneginde zararli pupalari goriilmemistir. Bu toprak oOrneklerinden kiiltiire alinmasi
sonucunda ergin elde edilmemistir.

Cizelge 4. Ceratitis capitata’nin kislama durumunu belirlemek i¢in alman toprak orneklerinin yeri, tarihi, sicaklik
ortalamalar ve standart sapmalar1 (2015).

Table 4. Location, date, temperature averages and standard deviations of soil samples taken to determine the overwintering capacity
of Ceratitis capitata (2015).

Yeri Meyve tiirii Toprak Sicaklik Ortalamalar (°C) ve Standart Sapmalar1

Isikh koyii Incir 14.0£0.7 15.5+0.7 17.3#0.5 17.8+0.8 17.0+09 17.5+0.8 17.3x0.7 17.8+0.9 16.9+09 16.7+0.8
Mudanya-Bursa

Cepni koyii Incir 13.940.8 14.5+0.8 16.3+0.9 15.8+0.9 14.0+09 16.5+0.8 16.8+0.8 17.8+1.0 16.9£0.7 16.4+0.7
Mudanya-Bursa

Kumlukalan Ayva 14.0+0.8 14.6£0.6 14.4+0.7 14.8+0.7 14.6+0.9 14.1+0.6 14.8+0.9 14.4+09 14.3+0.9 13.8+0.6
Giirsu-Bursa

Agakoy Seftali 12.9+0.6 13.4+0.8 14.8+0.7 14.6x0.9 12.9+0.7 13.2+0.9 14.2+0.9 14.0+0.7 13.8+0.8 12.8+0.4

Giirsu-Bursa

Enstitii bahgesi  Seftali 12.8+0.8 12.620.7 12.4+0.7 12.8%0.7 12.6+0.7 12.0+0.8 13.1+0.9 12.4+1.0 12.4+09 12.8+0.7
Yalova

Enstitii bahgesi Trabzon 124409 12.4+0.8 12.8+0.7 12.6+0.9 12.0£0.7 12.2+0.8 13.2+09 12.0+0.8 13.4+0.9 12.4+0.7
Yalova hurmasi

Cizelge 5. Ceratitis capitata’nin kiglama durumunu belirlemek igin alman toprak rneklerinin yeri, tarihi, sicaklik
ortalamalari ve standart sapmalar1 (2016).

Table 5. Location, date, temperature averages and standard deviations of soil samples taken to determine the overwintering capacity
of Ceratitis capitata (2016).

Yeri Meyve tiirii Toprak Sicaklik Ortalamalar1 (°C) ve Standart Sapmalar:

Isikli kéyti Incir 13.0+0.7 16.0+0.7 14.3x0.9 16.8+0.8 17.0+0.7 16.4+0.9 15.3x0.8 15.8+0.7 14.9+0.8 15.7+06
Mudanya-Bursa

Cepni koyti Incir 12.9+0.6 14.5+09 16.0+0.6 15.8+0.7 14.3x0.9 16.0+0.7 14.5+0.8 15.8+0.8 14.9+0.9 15.4+0.7
Mudanya-Bursa

Kumlukalan Ayva 13.0+0.8 13.6+0.7 14.4+0.7 13.8+0.7 14.6x0.9 14.0+0.9 13.1x0.6 14.4+09 13.9+0.9 13.8+0.7
Giirsu-Bursa

Agakoy Seftali 12.9+0.6 13.4+0.8 14.8+0.7 14.6x09 12.9+0.7 13.2+09 14.2+09 14.0+0.7 13.8+0.8 13.6+0.9

Giirsu-Bursa

Enstitii bahgesi  Seftali 13.0+0.8 13.6+0.8 14.2+0.7 13.8+0.8 14.0+0.8 15.0+0.8 15.1+0.7 14.4+0.9 14.2+0.9 14.0+0.7
Yalova

Enstitii bahgesi Trabzon 13.4+0.7 13.840.8 13.620.9 14.2+0.6 14.2+0.7 14.0+0.9 152+1.0 15.0+0.8 14.4+0.7 14.4+0.9
Yalova hurmast

Pupalarin Kafes Altinda Alinmasi

Bu calismalar 2015 kasim - aralik, 2016 haziran - agustos, 2016 kasim - aralik, 2017 haziran - agustos
aylarinda yapilmistir. Yine ayni donemde kafes altindaki saksi topragmin 3 - 5 cm derinligine birakilan
zararli pupalarinda da ergin cikisi gergceklesmemistir. Yine; bu konuda zararliin yogun olarak tespit
edildigi Atatiirk Bahge Kiiltiirleri Merkez Arastirma Enstitiisiine ait Trabzon hurmasi bahgesindeki 2 agac
(20 m? toprak alan) 2018 yili mart ayinda sinek teli ile kafes altina alinmis ve ergin takibi para-feromon
trimedlure’lu delta tipi tuzaklar ile 2018 yili mayis-ekim aylarinda haftalik olarak yapilmis ancak ergin
¢ikisi olmamistir. Meyvede kislama ihtimaline kars1 Enstitii bahgesinde yere dokiilen ve dalda birakilan
Golden elma ¢esidi 2018 yii kasim ayimun ilk haftasinda incelenmis ve meyvelerin ¢ogunlugunun
ciirtidiigii, ¢lirlimekte olan meyvelerde de larva bulunmadig1 saptanmamustir. Meyve depolarinda yapilan
calismalarda o donemde depolarinin tamaminda depolanmis meyve bulunmadigi belirlenmistir.

Enfekteli Meyvelerin Kafes Altina Alinmasi

Dogal kosullarda etrafi sinek teli ile kapli kafes altindaki toprak yiizeyine kislamas: icin birakilan AMS
larvasi ile bulasik seftali, armut, elma, Trabzon hurmasi ve ayva meyvelerinden ergin ¢ikisi olmamaistir.
Kafese asilan para-feromonlu delta tipi tuzaklarda ergine toprakta ise pupaya rastlanmamagtir.
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Meyve Agaclarimin Kafes Altina Alinmast

Bir yil 6nceden zararlinin yogun olarak tespit edildigi enstitii Trabzon hurmas: bahgesinde sinek teli ile
kapl kafes altindaki iki agagtaki para-feromonlu delta tipi tuzaklarda mayis - kasim aylarinda erginine
rastlanilmamistir.

Meyve Kontrolii: Elmada hasat sonrasinda kasim ayinda yapilan ¢alismada meyve igerisinde larva tespit
edilmemistir. Yine dal kafes ¢alismalarinda da ergin ¢ikisi goriilememistir.

Soguk hava depolarinda kis1 gecirip gecirmediginin belirlenmesi: Bursa ili Giirsu ilgesi Kumluk alan
koytindeki ti¢ farkli meyve deposunda mayis - kasim ayinda yapilan tuzak kontrolii ve atik meyvelerin
incelenmesi sonucunda zararlinin herhangi bir biyolojik evresi tespit edilmemistir

Akdeniz meyvesinegi konusunda Marmara Bolgesinde daha 6nce kapsamli bir ¢alisma yapilmamais sadece
Bursa ili incir bahgelerinde yere dokiilen meyvelerde birkag (3 — 5) C. capitata ergini saptanmistir (Genger
vd., 2005). Diinyaya Afrika Sahrasindan yayilan bu zararli, basta Kuzey ve Giiney Afrika (Uganda, Zambia,
Kenya, Tanzanya, Zimbabwe) olmak {izere, Giiney ve Orta Amerika (Brezilya, Hawaii, Florida, California,
Arjantin, Bermuda, Costa Rica, Uruguay) ve Bati Avustralya gibi tropik, subtropik iklime sahip olan
{ilkelerde, Tiirkiye de ise Akdeniz ve Ege Bolgelerinde yaygin olarak goriilmektedir (Elekcioglu, 2009; Tleri,
1961; Thomas vd., 2007). Bu c¢alisma sonucunda da; AMS'nin bazi evreleri Bursa, Kocaeli ve Yalova
illerindeki bazi meyve bahgelerinde yaz ve sonbahar aylarinda goriilmiistiir. Erginler meyve
bahgelerindeki tuzaklarda ilk kez temmuz ay1 sonlarinda veya agustos ayimnin son iki haftasinda, bazen de
eyliil aymun ilk haftasinda yakalanmistir. Bursa’daki meyve ve sebze halindeki tuzaklarda daha erken
mayi1s ve haziran aylarmin ikinci haftalar1 arasinda, yogun yakalanma ise temmuz aymin birinci ve ikinci
haftasi ile eyliil ayinun iiglincii haftas: arasinda degismis, en son yakalanma ise kasim ayinin {igiincii ve son
haftasinda goriilmiistiir. Yalova ve Kocaeli meyve hallerindeki tuzaklarda ise eyliil ve ekim aylarinda 1 - 2
ergin gibi diisiik sayida yakalanma olmustur. Ancak bu iki meyve ve sebze hali ve ¢evresinin yil boyunca
hijyen amagh ilaglandig1 gozlemlenmistir. Zararlinin dogada goriilmesi sicaklik, nispi nem ve konukcu
bolluguna bagh olarak bolgelere gore degisiklik gosterebilmektedir. Tiirkiye’de Elazig ve Malatya illerinde
erginlerin dogada ilk goriilmesi haziran - agustos, Igdir ilinde eyliil ayinun ilk haftasi, Canakkale’de ise
ekim - kasim aylarina rastlamakta, (Bugday ve Kececi, 2020; Tamer ve Yildirim, 2023; Tiftik¢i, 2020) buna
karsin iklim kosullar1 bakimindan zararlinin biyolojisine daha elverisli olan Akdeniz Bolgesinde nisan
may1s, Ege Bolgesinde haziran, Akdeniz Bolgesinin i¢ kesimlerinde ise (Isparta ve Burdur) temmuz,
agustos aylarma denk gelmektedir (Baspimar vd., 2009; Elek¢ioglu, 2013b; Tiring ve Satar, 2017; Zeki vd.,
2008). Akdeniz meyvesinegi iklim kosullarina bagl olarak belirli bir zaman diliminde farkl yerlerde farkl
biyolojik dénemlerinde bulunabilir (Carey, 1984). Akdeniz Bolgesindeki portakal bahgelerinde ilk erginler
nisan aymin son haftasinda goriiliirken, altintop bahgelerinde ise ocak ayin {iiglincii haftasinda
goriilmekte ve tuzaklarda yakalanmalar mart ayimn tiiglincii haftasina kadar stirmektedir (Elekgcioglu,
2009, 2013b; Satar vd., 2016). Akdeniz Bolgesi iklim kosullarinin AMS'nin gelisimi icin elverisli olmas1 ve
bu nedenle zararlinin neredeyse bu bolgede yil boyunca faal olmasi, Marmara Bolgesinde ise ilk
yakalanmalarin sebze-meyve hallerinde mayis ve haziran, meyve bahgelerinde ise temmuz sonu ve
agustos, bazen de eyliil aylarinda yakalanmasi zararlinin bolgeye yil boyunca aktif ve konukgularinin bol
oldugu bolgeden enfekteli meyveler ile tasindigina isaret etmektedir. Zararlinin bolge kosullarinda larva
veya pupa doneminde kisi gecirmesi ile ilgili ¢calismalardan da herhangi bir bulgu elde edilememesi bu
tezi gliclendirmektedir.

Kislama calismalari ile ilgili olarak seftali ve Trabzon hurmasi bahgelerinden toprak 6rneklerinin alinmasi
ve laboratuvarda pupa aranmas, kafes altina larva ile bulasik meyvelerin (ayva, elma ve Trabzon hurmast)
birakilmasi, meyve agaglarinin kafes altina alinmasi, kafes altinda saks igerisinde topraga pupa konulmast
sonucunda zararlinin doga kosullarinda kisladigimma dair herhangi bir bulgu elde edilmemistir. Larva
doneminde elmalarda kislamasi ile ilgili olarak kasim aymin ilk haftasinda dalda kalan veya yere
dokiilmiis olan Granny Smith ve Golden Delicious elma (Malus domestica) gesitlerinde yapilan
diseksiyonlarda sadece Golden Delicious ¢esidinde zarar yaptig1 ancak larvalarin meyveyi terk ettigi ve
yere dokiilen ve dalda kalan elmalarin %95'nin tamamen ciiriid{igii belirlenmis ve dal kafesi altina alinan
meyvelerden de ergin cikisi goriilmemistir. Bu zararli iliman iklim kosullarinda kist larva veya pupa
doneminde gecirmektedir (Elekgioglu, 2013b; Satar vd., 2016). Akdeniz iklimine gore daha serin bolgelerde
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ise (Isparta ve Burdur) kis aymmn basina kadar ayva meyveleri igerisinde larva doneminde canh
kalabilmekte, ancak kisi gecirememektedir (Zeki vd., 2008). Yine Tiirkiye'nin farkli lokasyonlarmnda
(Kirgehir, Malatya) dogada kist gecirememektedir (Bugday ve Kegeci, 2020; Kaya ve Ipekdal, 2018).
Papadopoulos vd., (1996)'ya gore Yunanistan'in kuzey kesimlerinde (40.3 paralele kadar) sadece larva
déneminde elma meyvesi icerisinde az da olsa kis1 gecirebilmekte ve bu bireylerden ertesi yil popiilasyon
olusabilmektedir. Bu bolgede popiilasyon sicakliklarin ¢ok diisiik oldugu aralik - haziran aylar1 arasinda
hi¢ goriilmemektedir. Bu dénemde pupa ve larvalarin ¢ogunlugu soguktan 6lmekte ve ilkbahara cok
diisiik sayida erginleri ulasmaktadir. Bu erginleri de ilkbaharda paraferomon tuzaklarla tespit etmek de
oldukga zor olmaktadir (Papadopoulos vd., 1998, 2000). Kis1 elma icerisinde ¢cok azda olsa larva déneminde
gecirebildigi ve ertesi yil popiilasyon olusturduguna dair sonuglar bu calismada oldugu gibi Kaya ve
Ipekdal (2018), Israely (2004) ), Inmaculada (2010) ve Rivnay (1954) tarafindan da desteklenmemistir. Soyle
ki, Rivnay (1954)’e gére AMS kst Israil’in yiiksek kesimlerinde gegiremez, buralarda yaz aylarinda goriilen
popiilasyon diisiik rakimli bolgelerden cesitli yollarla gelen erginler tarafindan olusturulur. Israil'de farkl
ylikseltilerde kafes altinda dogal kosullarda larva ile bulasik elmalarda yapilan ¢alisma sonuglarina gore
de; AMS kis1 soguk olan lokasyonlarda ergin ve ergin dncesi donemlerde gegirememistir (Israely vd., 2004).
Laboratuvar kosullarinda tiretilen ve salinimi yapilan AMS erginlerinin tuzaklarda nisan - mayis aylarinda
yakalanmasi bu zararlimin bu aylarda yasayabildigini ve yenidiinya gibi yerel konukgular1 istila
edebildigini gostermistir (Israely vd., 2004). Ispanya’da ise Girona meyve yetistirme alanlarindan dogal
kosullarda toplanan AMS larvas ile bulasik elmalarda zararh kasim sonu ve ocak ay1 baslarina kadar canli
kalmis, ancak kis1 gecirememistir (Inmaculada, 2010). Tiirkiye’de Kirsehir ilinde de bu konuda yapilan
calismada kisi geciremedigi belirlenmistir (Kaya ve Ipekdal, 2018). Bu bulgulara paralel olarak zararli
erginleri Marmara Bolgesinde hava sicakliklarinin 16 °C (Demirdere, 1961), {izerinde oldugu nisan - mayis
ve haziran aylarinda ($ekil 3), meyve bahgelerindeki tuzaklarda ii¢ yil iist tiste hi¢ yakalanmamaistir. Bu
aylarda olgun donemdeki kiraz, kayisi, erik gibi meyve tiirlerinde zarar goriilmemistir. Meyve ve sebze
hallerinde zararli erginlerinin mayis sonu ve haziran basinda yakalanmas1 bolgeye zararlinin enfekteli
meyveler ile gelme olasiligini gliclendirmektedir. Nitekim Israely vd (2004) ve Rivnay (1954)’e gore de
zararlinin kisi geciremedigi bolgelerde yaz aylarinda goriilmesinin nedeni; AMS'nin 1liman iklime sahip
alanlardan go¢ veya bulasik meyvelerin transfer edilmesi nedeniyledir. Zaten, diger tropikal kokenli
meyve sinegi tiirleri gibi, AMS’ de soguga dayanikliik mekanizmasina sahip degildir (Bateman, 1972;
Carey 1984; Christenson ve Foote 1960; Greenberg, 1960).

Akdeniz meyvesineginin konukgulari iilkeden iilkeye ve bolgeden bolgeye degisiklik gosterebilmektedir.
Bu konukgularin bir boliimii ekonomik kayiplara yol agacak sekilde zarar gormekte, bir boliimdii ise sadece
bulasma diizeyinde kalmaktadir. Genellikle ince kabuklu ve olgun meyveleri tercih ettiklerinden pek ¢ok
iilkede ekonomik 6neme haiz bir¢ok meyve tiiriinde zarar olusmaktadir (Anonim, 2008; Bircan vd., 2020;
Ozkan, 1993; Thomas vd., 2007;). Marmara bolgesinde ise seftali, elma, armut, Trabzon hurmasi ve ayvada
zararli saptanmis, zeytin, kiraz, erik, kayisida goriilmemistir. Incirde ise sadece yere dkiilen meyvelerde
ergin ¢ikislar1 goriilmiistiir. Bu zararh bolgede belirli bir zaman diliminde goriilmiis olsa da 6nemli meyve
tiirlerinin konukgusu olmas1 nedeniyle miicadele stratejisinin belirlenmesi agisndan onem tasidig:
gorilmiistiir.

Bulasma kaynagini belirlemek amaciyla meyve depolari ve meyve suyu fabrikalarinda yapilan ¢alismalar
sonucunda gerek tuzaklarda ve gerek meyve kontrollerinde zararlinin herhangi bir biyolojik donemi tespit
edilmemistir. Hallerdeki ¢op alaninda ise sadece 1 - 2 ergin goriilmiistiir. Ayrica Izmir ve Aydin illerinden
getirilen ve kiiltiire alinan ilek incirlerden AMS cikisi olmamis ancak S. adipata erginleri elde edilmistir.
Elma, ayva ve Trabzon hurmasi bahgelerinde hasadin geciktirilmesi, meyvelerin dalda birakilmas: ve yere
diisen meyvelerin toplanmamasi popiilasyon artisina neden olmustur. Nitekim zararli yumurtalarini atik
meyvelere de birakarak popiilasyon olusturmakta ve temiz alanlara enfekteli meyvelerle tasinmaktadir
(Elekgioglu, 2013b; EPPO, 2011; 2018; Zeki vd., 2008).

SONUC

Sonug olarak, Bursa, Kocaeli ve Yalova illeri meyve bahgeleri yaz ve sonbahar aylarinda AMS ile bulagik
bulunmus, meyve sebze hallerinin de bulasma kaynag1 oldugu belirlenmistir. Cop alanlari ile meyve suyu
atik alanlarinda zararlinin ¢ok az (1 - 2 ergin) bulundugu bazi yillar hi¢ bulunmadigi, bolgede kisi
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geciremedigi, [zmir ve Aydin illerinden ilekleme amaciyla bolgeye getirilen incirlerden AMS'nin
bulagsmadig1 ancak S. adipata’nin bulagtig1 goriilmiistiir. I¢ karantina dnlemlerinin alinmasi, meyve-sebze
hallerinde sanitasyonun saglanmasi, hasat sonrasinda yere dokiilen ve hasat edilmeden dalinda birakilan
ticari deger tasimayan meyvelerin imhasi gibi kiiltiirel 6nlemlerin alinmas1 durumunda bolgede zararlinin
sorun olusturamayacagi kanisina varilmigtir.

CIKAR CATISMASI
Yazarlar ¢ikar ¢atismasi bildirmemislerdir.

YAZAR KATKISI
GC: Calismay1 planlamis, arazi ve laboratuvar ¢alismalarini yapmis, makaleyi yazmis; PHG: Arazi ve
laboratuvar ¢alismalarini yapmis; CH: Arazi ¢alismalarini yapmis; MEA: Arazi calismalar1 yapmustir.
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Abstract: Entomopathogenic nematodes (EPNs) (Rhabditida: Heterorhabditidae and Steinernematidae) are effective biocontrol agents for many insect
pests and are generally stored for a period of time prior to their use in the laboratory or field. However, unfavorable storage conditions have a great
impact on the survival and infectivity of EPNs. This study was conducted to determine the optimum storage conditions of infective juveniles (IJs) of four
native EPN species (Heterorhabditis bacteriophora FLH-4H, H. indica 216-H, Steinernema feltiae KCS-S, and S. bicornotum MGZ-4S) under laboratory
conditions. The survival capability of the IJs was tested at different concentrations (500, 1000, 1500, and 2000 IJs), temperatures (9 and 25 °C) and storage
media [double-distilled water (ddH:0), tap water, and sterile Ringer solution]. In general, the survival of IJs of tested EPN species was the highest at the
1st month after treatment (MAT) at the concentrations of 1000 and 1500 IJs and gradually decreased with the increasing storage periods. The survival
rates of the IJs of Steirnematids were generally higher than Heterorhabditid species. The highest survival of IJs was generally obtained after 1-month
storage in Ringer solution at 9°C while tap water led to poor survival for the IJs at both temperatures tested. The IJs that were stored at 9°C induced
higher mortalities on the larvae of Galleria mellonella (L.) (Lepidoptera: Pyralidae). The results showed that the IJs of tested EPN species can remain viable
for a longer period of time in Ringer solution at 1000 and 1500 IJs concentrations at 9°C without losing much of their infectivity.

Keywords: Storage, Beneficial Nematodes, Biological Control, Sustainable Agriculture

&

Oz: Entomopatojen nematodlar (EPN) (Rhabditida: Heterorhabditidae ve Steinernematidae) birgok zararli boceklerin etkili biyokontrol ajanlaridir ve
genellikle laboratuvarda veya arazide kullanilmadan once belirli bir siire depolanirlar. Bununla birlikte, elverigsiz saklama kogullarinin EPN'lerin
hayatta kalmas: ve infektivitesi {izerinde biiyiik bir etkisi vardir. Bu ¢aligma, dort yerel EPN tiirtiintin (Heterorhabditis bacteriophora FLH-4H, H. indica
216-H, Steinernema feltiae KCS-4S ve S. bicornotum MGZ-4S) infektif juvenillerinin (IJ) laboratuvar kosullarinda optimum saklama kogullarini belirlemek
icin gergeklestirilmigtir. IJ'lerin canliliklari, farkli konsantrasyonlarda (500, 1000, 1500 ve 2000 IJ), sicakliklarda (9 ve 25 °C) ve depolama ortaminda
(ddH20, musluk suyu ve steril Ringer soliisyonu) test edilmistir. Genel olarak, test edilen EPN tiirlere ait IJ'lerin canliliklari, 1000 ve 1500 IJ
konsantrasyonlarinda depolamadan sonraki 1. ayda en yiiksek iken artan depolama siireleri ile kademeli olarak azalmigtir. Genel olarak
Steirnematidlerin IJ'lerinin hayatta kalma oranlar1 Heterorhabditid tiirlerinden daha yiiksek oldugu belirlenmistir. IJ'lerin en yiiksek hayatta kalma
orany, genellikle Ringer soliisyonunda 9°C'de 1 aylik depolamadan sonra elde edilirken, musluk suyu, test edilen her iki sicaklikta da IJ'ler canliliklarinda
6nemli bir diistise neden olmustur. Patojenite testlerinde, 9°C'de depolanan IJ'ler, Galleria mellonella (L.) (Lepidoptera: Pyralidae) larvalarinda daha
yiiksek 6liim oranlarina neden olmusgtur. Sonuglar, test edilen EPN tiirlerine ait IJ'lerin, infektivitelerinde ciddi bir diisiis olmadan 9°C'de, 1000 ve 1500
IJs konsantrasyonlarinda, Ringer soliisyonunda daha uzun siire canli kalabildigini gostermistir.

Anahtar Kelimeler: Depolama, Faydal: Nematodlar, Biyolojik Miicadele, Siirdiiriilebilir Tarim
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INTRODUCTION

Entomopathogenic nematodes (EPNs) in the families Heterorhabditidae and Steinernematidae are soil-
borne microscopic worms that are used as a natural and eco-friendly alternative to insecticides (Hazir et
al., 2003). Many studies proved the effectiveness of EPNs against a variety of agricultural pests in both
laboratory and field conditions (Ansari et al., 2006; Susurluk et al., 2009; Kepenekci et al., 2016; Odendaal
et al., 2016; Mokrini et al., 2020). However, the effectiveness of EPNs is closely linked to their ability to
infect and kill pests, which is influenced by a variety of factors, including pre-application storage conditions
(Grewal, 2000; Andal¢ et al., 2010, 2011). Differences in storage conditions and durations lead to a reduction
in the quality of the infective juveniles (IJs) of different EPN species depending on the different storage
factors such as oxygen and optimal temperature requirements of species (Qiu and Bedding, 2000). For
example, high storage temperature can affect the metabolic rate of IJs, reducing stored energy reserves,
which greatly affects the survival and pathogenicity of IJs (Hass et al., 2002; Andal6 et al., 2011).

For research purposes, IJs are usually stored at varying concentrations from 300 to 5000 IJ/mL in tissue
culture flasks as aqueous suspensions of water, distilled water, and Ringer's solutions and can remain alive
for 3-12 months depending on the susceptibility of the EPN species/isolates to the above stressors (Kaya
and Stock, 1997; Giilcli and Hazir, 2012). Therefore, understanding these parameters which affect the
survival and pathogenicity of EPNs in storage is an important aspect to consider and crucial to achieving
successful biological control (Brown and Gaugler, 1997). Hence, the main objective of this study was to
determine the effect of different storage conditions and media on the viability, pathogenicity, and
reproduction of local EPN species.

MATERIAL AND METHOD

Nematode culture

Four native EPN species (Heterorhabditis bacteriophora FLH-4H, H. indica 216-H, Steinernema feltine KCS-S,
and S. bicornotum MGZ-4S) isolated from Kayseri and Nevsehir provinces (Canhilal et al.,, 2017) were
cultured on the last instar of the greater wax moth Galleria mellonella (L.) (Lepidoptera: Pyralidae) which
reared on artificial diet described by Metwally et al., 2012. To obtain new batches of IJs, the stock culture of
IJs was inoculated to Petri dishes containing ten larvae at the concentration of 200 IJs/ml. The freshly
emerged IJs were harvested daily after the dead larvae were transferred to modified White Traps
(Prabhuraj et al., 2000). The harvested IJs were stored in double distilled water (ddH20). Only 1-week-old
IJs were included in experiments as the age of IJs may affect the tested parameters.

Experimental set up

The survival capability of IJs of EPN species were evaluated in three different storage media [ddH20
(Control), tap water, and sterile Ringer solution] at the concentrations of 500, 1000, 1500, and 2000 IJs/mL
(Kaya and Stock, 1997). The experiments were carried out in culture flasks (Medium Volume 15-22.5 ml)
filled up to 20 ml and the flasks were kept horizontally at two different temperatures (9 and 25 °C). Prior
to the experiment, the mobility of IJs was checked under a stereomicroscope to determine the viability of
IJs. The IJs populations having 99% population viability were included in the experiments. The number of
alive IJs was counted using a Zeiss Lumar stereomicroscope (Carl Zeiss, Inc.) by withdrawing 1 mL samples
from each flask and recorded after different storage periods (1, 2, 3, and 6 months) for each test temperature.
During the experiment, IJs were shaken twice daily to avoid sinking to the bottom. In the pathogenicity
bioassays of IJs, 1 mL of samples from flasks were taken and 200 IJs were inoculated to Petri dishes lined
with two filter papers after counting the alive IJs under a stereomicroscope for each storage period. Then,
ten G. mellonella larvae were placed into Petri dishes. The Petri dishes were incubated in the dark at 25 °C
and the mortality of larvae was recorded 2 days after application (DAT). Dead larvae were transferred to
modified White traps to confirm the pathogenicity of IJs. Four replicates were performed for each tested
parameters (Survival and pathogenicity).
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Statistical Analysis

Prior to statistical analyzes, data were subjected to normality tests and analyzed using IBM SPSS software
program [Version 20.0 for Windows (SPSS Inc., Chicago, IL, USA)]. Significant differences among
treatments were determined by Repeated measures ANOVA (RMANOVA) using Tukey's test at P <0:05.

RESULTS AND DISCUSSION

Survival of infective juveniles

The survival of IJs of tested EPN species was strongly influenced by all examined parameters and their
associated interactions. In general, the survival of IJs of tested EPN species was higher at the 1st MAT
(Month after treatment) and gradually decreased with the increasing storage periods. The IJs stored at 1000
and 1500 IJs concentrations generally yielded the highest survival rates among other concentrations tested.
Survival of the IJs of tested EPN species in the Ringer solution was higher than of those stored in tap water
and distilled water. The mortality of IJs was higher at 25 °C than at 9°C in all treatments and concentrations.
The survival of IJs of tested EPN species was generally lower in tap water media than distilled water and
Ringer solution with a few exceptions (Figure 1, 2, 3, 4). No significant mortalities occurred in the IJs of H.
indica at c after 1-month storage among different storage media and concentrations. After 1-month storage,
the survival rates of IJs significantly decreased and the lowest survival (15%) of IJs of H. indica occurred in
tap water at 2000 IJs concentrations at 25 °C after 6-month storage (Figure 1).
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Figure 1. Survival rates (%) of infective juveniles of Heterorhabditis indica 216-H after different storage conditions and
periods.

Sekil 1. Farkli saklama kosullar1 ve siirelerinden sonra Heterorhabditis indica 216-H 'nin infektif juvenillerinin canlilik oranlar1.

Among all tested concentrations, S. feltiae had the greatest survival (81%) in Ringer solution at 1000 IJs at
9°C after 6-month storage (Figure 2). There were no significant chances in the survival rates of IJs of S. feltiae
in distilled water at 500 and 1000 IJs concentrations at 9°C for the 1st, 2nd, and 34 months after treatment.

However, survival rates decreased sharply at 9°C after 6-month storage in distilled and tap water (Figure
2). The survival of IJs of H. bacteriophora was higher in the Ringer solution at all storage periods than in
distilled and tap water at all tested concentrations and temperatures except for 1-month storage at 9°C.
After 6-month storage in tap water, the survival of IJs of H. bacteriophora was the lowest (8%) at 25°C at 2000
IJs concentration compared to other storage conditions. The highest survival rate (43%) of IJs of H.
bacteriophora at 25°C after the 6-month storage period was at 1500 IJs concentration (Figure 3).
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Figure 2. Survival rates (%) of infective juveniles of Steinernema feltine KCS-4S after different storage conditions and
periods.
Sekil 2. Farkl saklama kogsullar: ve siirelerinden sonra Steinernema feltine KCS-4S "nin infektif juvenillerinin canlilik oranlar:.
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Figure 3. Survival rates (%) of infective juveniles of Heterorhabditis bacteriophora FLH-4H after different storage
conditions and periods.
Sekil 3. Farkl saklama kogullar: ve siirelerinden sonra Heterorhabditis bacteriophora FLH-4H nin infektif juvenillerinin canlilik
oranlart.

The survival of IJs of S. bicornotum did not differ significantly at 9°C and 25°C for the 1%t and 2"d-month
storage at all IJs concentrations and storage media. However, after 3rd and 4th-month storage at 9°C and
25°C remarkable decrease occurred in the survival of IJs in tap water at both temperatures tested. The
highest survival rate of IJs of S. bicornotum was recorded in Ringer solution at 9°C at 500 IJs concentration
after 2, 3, and 6-month storage periods (Figure 4).

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

179


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

The Role of Storage Duration and Conditions on the Survival and Pathogenicity of Entomopathogenic Nematodes

) pee E “1 :“\ S O N2
pe ™ v TS0
AR nommsn® s&; m‘?m

g , P o " 8 " 5310 -8 2 SBuems
516 ¢ \-‘ 7 N , T r, 2,1 »
S0 V4 BN & - 3 # o > 5 Se80.6
- ] 7885 S0 790 " A V4 793, ol ———
L N S 5 “ / 76:1 g
= eid R Pttt 2628
< 59u0=69,0 Y . . 693 68,8
5 G0 g ~ 8 67.6 67.8
= PN
S 60 ool \ 6086l  OlomwOD0 Q
2 ol 0,
o $5.0 ) wdlo L —
£ < Stouss2.0 } ; i—
< ~
£ 420 T —
s 9
E 150 4.0 o) 48.0
© 40 S 450
E 36.0
£
z
2 g0
250527
2 220200
S00 IJs 1000 1500 2000 S00IJs 1000 1500 2000 S00IJs 1000 1500 2000 S001IJs 1000 1500 2000 S001IJs 1000 1500 2000 S001Js 1000 1500 2000
s s Us Us s Us s Us Us Us s s s Us Us s s s
Distilled Water (Control) Ringer Solution Tap water Distilled Water (Control) Ringer Solution Tap water
25 o 9 o
S.bicornotum MGZ4S
w— 15t MAT ~— wm2nd MAT 3rd MAT 6th MAT

Figure 4. Survival rates (%) of infective juveniles of Steinernema bicornotum MGZ-4S after different storage conditions
and periods.
Sekil 4. Farkly saklama kogullar1 ve siirelerinden sonra Steinernema bicornotum MGZ-4S"in infektif juvenillerinin canlilik
oranlart.

Pathogenicity of infective juveniles

In general, the IJs that were stored at 25 °C caused lower mortality rates on the G. mellonella larvae except
for the IJs of H. bacteriophora which induced similar mortality at temperatures tested. The pathogenicity of
IJs tended to decrease with the increasing length of storage of IJs (Figure 5, 6, 7, 8). However, there were
several exceptions to this trend. For example, the IJs of H. indica stored for 6 months in the Ringer solution
at 1500 IJs at 9 °C caused slightly higher mortality than those held for 3 months (Figure 5).

Although the pathogenicity of IJs did not vary much according to the storage environment, the highest
efficiencies were generally obtained from the Ringer solution and followed by distilled water and tap water
(Figure 5, 6, 7, 8). For instance, the highest effectiveness of the IJs of H. indica at 25 °C was achieved by the
IJs stored at 1000 IJs concentration in the Ringer solution. The IJs of H. indica after a 6-month storage
duration in Ringer solution were able to induce mortality over 70% (Figure 5).

The lowest pathogenicity (5%) on the larvae of G. mellonella was observed in the IJs of S. feltiae which was
stored in tap water for 6 months at 25 °C at 2000 IJs concentration. The highest mortality (100%) was
achieved by the IJs that were stored in distilled water and Ringer solution at the concentrations of 1000 IJs
(Figure 6). H. bacteriophora was the least affected EPN species from the storage temperature in terms of
pathogenicity. However, the maximum mortalities were achieved only by the IJs that were stored in the
Ringer solution at 500 IJs at 9 °C (Figure 7). The pathogenicity of S. bicornotum on G. mellonella larvae did
not change much for different storage concentrations at 25 °C. In addition, 3 months of stored IJs in tap
water at 25 °C induced higher larval mortality compared to those stored for 1 and 2 months (Figure 8).
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Figure 5. Pathogenicity of infective juveniles of Heterorhabditis indica 216-H on the Galleria mellonella larvae
after different storage conditions and periods (Capital letters show statistically significant differences among
IJs concentrations in the same storage media. Lower letters indicate statistically significant differences for the
same IJs concentrations among different storage media).

Sekil 5. Heterorhabditis indica 216-H infektif juvenillerinin farkli saklama kosullar: ve siirelerinden sonra Galleria
mellonella larvalart tizerindeki patojenitesi (Biiyiik harfler, ayni depolama ortamindaki I] konsantrasyonlar: arasinda
istatistiksel olarak 6nemli farkliliklar: ifade etmektedir. Kiiciik harfler, ayni I konsantrasyonlarinin farkli depolama
ortamlarindaki istatistiksel olarak onemli farkliliklarini ifade etmektedir).
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Figure 6. Pathogenicity of infective juveniles of Steinernema feltine KCS-4S on the Galleria mellonella larvae after
different storage conditions and periods (Capital letters show statistically significant differences among IJs
concentrations in the same storage media. Lower letters indicate statistically significant differences for the

same IJs concentrations among different storage media).

Sekil 6. Steinernema feltine KCS-4S infektif juvenillerinin farkli saklama kosullar: ve siirelerinden sonra Galleria
mellonella larvalar: iizerindeki patojenitesi (Biiyiik harfler, ayni depolama ortamindaki I] konsantrasyonlart arasinda
istatistiksel olarak 6nemli farkliliklar: ifade etmektedir. Kiiciik harfler, aymi 1] konsantrasyonlarinin farkli depolama
ortamlarindaki istatistiksel olarak onemli farkliliklarini ifade etmektedir).
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Sekil 7. Heterorhabditis bacteriophora FLH-4H infektif juvenillerinin farkli saklama kosullart ve siirelerinden sonra
Galleria mellonella larvalar: iizerindeki patojenitesi (Biiyiik harfler, ayni depolama ortamindaki I] konsantrasyonlar
arasinda istatistiksel olarak dnemli farkliliklar: ifade etmektedir. Kiiciik harfler, ayni I] konsantrasyonlarinin farkl
depolama ortamlarmdaki istatistiksel olarak onemli farkliliklarini ifade etmektedir).
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Figure 8. Pathogenicity of infective juveniles of Steinernema bicornotum MGZ-4S on the Galleria mellonella larvae
after different storage conditions and periods (Capital letters show statistically significant differences among
IJs concentrations in the same storage media. Lower letters indicate statistically significant differences for the

same IJs concentrations among different storage media).

Sekil 8. Steinernema bicornotum MGZ-4S infektif juvenillerinin farkli saklama kosullari ve siirelerinden sonra Galleria
mellonella larvalar: iizerindeki patojenitesi (Biiyiik harfler, ayni depolama ortamindaki I] konsantrasyonlar: arasinda
istatistiksel olarak 6nemli farkliliklar: ifade etmektedir. Kiiciik harfler, ayni I] konsantrasyonlarinin farkli depolama
ortamlarindaki istatistiksel olarak onemli farkliliklarini ifade etmektedir).
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The correct storage of IJs, in a specific population, and at the ideal conditions, is one of the key requirements
for success of EPNs. The results of this study showed the survival rate of IJs of the EPN species decreased
drastically depending on the temperature and duration of storage. The highest survival of IJs was obtained
from the 1-month storage duration and showed a gradual decrease with increasing storage durations.
Similar findings have been reported in earlier studies. In a study conducted by Yadav (2016), the survival
rates of IJs of H. indica and S. thermophilum showed a sharp decline after 4 months’ storage at 25 °C and fell
below 30%. However, in the same study, in contrast to these EPN species, the survival rate of IJs of S. glaseri
was 70% at the same period which shows the difference in the adaptation capability of different EPN
species in response to the same storage temperatures. Yadav (2016) also reported that the storage of the IJs
of the same EPN species at a lower temperature (5 °C) led to a high decrease in the survival of IJs and S.
glaseri was the only EPN species that survived after 4 months of storage at 5 °C. Similar to our findings,
Sharmila and Subramanian (2016) reported 50 and 48% survival rates in the IJs of H. indica that were stored
in deionized water for three months at 10 and 25 °C, respectively. However, in the current study, all tested
EPN species survived for 6 months albeit with a notable decrease in survival rates of IJs. Temperature is
one of the crucial factors affecting the mobility, survival and infectivity of EPN species (Glazer, 1996). The
tolerance of IJs to different temperatures (heat or cold) varies greatly among EPN species and isolates
(Grewal et al., 2006). In the present study, Steinernematid species showed higher survival than
heterorhabditid species at 9°C which is in line with the results of Grewal (2000) and Singh et al. (2023) that
reported the poor storage capability of Heterorhabditids compared to Steinernematid species. Steinernema
feltiae is one of the species that is most commonly isolated from cold and continental climate conditions
(Hazir et al., 2001; Canhilal et al., 2016; Yuksel and Canhilal, 2019). In contrast, H. indica and H. bacteriophora
were generally found in tropical and subtropical climatic conditions (Bhat et al., 2020; Kour et al., 2022).
EPN species that were isolated from different geographical locations may be more tolerant to survive at
cool or high temperatures. In addition, EPN species have various kinds of behavioral and physiological
adaptations to withstand unfavorable environmental conditions (Glazer, 1996). For instance, some EPN
species such as S. carpocapsae was reported to be able to conserve energy during storage in water at 5°C by
entering a quiescent phase in a “J” form which increases the survival chance of IJs (Grewal, 2000). The IJs
of most EPN species become inactive at low temperatures to reduce metabolic costs as a survival
mechanism (Griffin, 1993; Fitters and Griffin, 2004). However, there is a great variation in the metabolic
responses of EPN species to different temperatures. Grewal (2000) showed that oxygen and lipid
consumption of the IJs of different EPN species varied remarkably during storage in water at 25°C which
also explains the differences in the survival and infectivity of IJs of different EPN species after long-term
storage periods.

The IJs of EPNs naturally tend to search for a potential host in the soil environment and consume their
stored energy reserves during host-seeking activity (Selvan et al., 1993; Hatab and Gaugler, 199). After
different storage periods, the lipid content of the IJs may also have affected the successful penetration of
the host as suggested by Hass et al. (2002) and Andalo et al. (2011). The microbial or chemical composition
of the storage medium is also an important factor that influences the survival of EPN species. In the present
study, tap water generally led to the lowest survival of the IJs which is similar to the findings of Grewal
(2000) who tested the longevity of IJs of S. carpocapsae in a water-dispersible granular formulation (WG)
and tap water and stated that the survival of the IJs in WG was longer than the IJs in tap water. The chlorine
content of tap water may be partly responsible for the lowest survival rates which could be lethal to IJs. In
addition, tap water may contain contaminants and many infectious microorganisms such as bacteria and
protozoans which decreases oxygen diffusion and releases toxic metabolites (Caylak and Tokar, 2012). This
may also have affected the survival of IJs in longer storage periods. On the other hand, the results indicated
that the Ringer solution generally provided better survival for the IJs which is in agreement with Bai et al.
(2004) who reported an increase in the survival of the IJs of S. carpocapsae and H. bacteriophora in Ringer
solution. Bai et al. (2004) also noted that, up to a point, increasing concentration of IJs resulted in higher
nematode survival that is similar to our findings. In the present study, IJs survival generally was higher at
1000 and 1500 IJs concentrations except for some cases. This might be due to the cryoprotectants such as
trehalose and glycerol produced by the IJs as suggested by Bai et al. (2004) (Qiu and Bedding, 2002).
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However, at high IJs concentrations, survival of IJs decreased remarkably which might be due to the low
oxygen level.

CONCLUSION

The storage conditions of EPNs play a crucial role in the survival and pathogenicity of EPNs. The results
of this study revealed that the survival IJs of tested EPN species were adversely affected by storage
duration, temperature, and media. The survival and infectivity of IJs were greater after 1 month of storage.
The Ringer solution and low storage temperature (9 °C), in most cases, provided a better environment for
the survival of IJs of tested EPN species. However, more studies are needed to uncover the real potential
of EPNs in field conditions after different storage conditions and durations.
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Determining of Some Engineering Properties for Harvest and Post Harvest Applications of Two
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Abstract: In this study, some engineering characteristics (physical properties, colour characteristics, coefficients of static friction and mechanical
behaviours) of the shelled and kernel of Cakildak and Fosa hazelnut cultivars cultivated in Tiirkiye were investigated for harvest and post harvest
applications. The moisture contents of Cakildak and Fosa cultivars for shelled hazelnut 8.69-7.56% (% wet basis) and kernel hazelnut 5.37- 4.64% (% wet
basis), respectively. Statistically significant (p<0.01) differences were observed in fruit mass, hundred fruit mass, fruit volume, bulk density and true
density of hazelnut cultivars in shelled and kernel cultivars. Cakildak cultivar showed the highest L* value in shelled fruits and the Fosa cultivar in
kernel fruit hazelnut. The highest coefficient of static friction values showed on the rubber surface among the two cultivars for both shelled and kernel.
As a result of the mechanical tests, a statistically significant difference was observed in both cultivars at the different loading speeds and axes for rupture
force values. Knowing the engineering characteristics (physical properties, colour characteristics, coefficients of static friction and mechanical behaviours)
of hazelnut cultivars is thought to be an important data source and contributes to the cleaning, transportation, packaging, storage, processing,
classification and engineering studies be developed for harvesting and threshing and post-harvest applications.

Keywords: Hazelnut cultivars, physical and colour characteristics, coefficient of static friction, mechanical behaviours.

&

Oz: Bu ¢ahismada, Cakildak ve Fosa findik cesitlerinin hasat ve hasat sonrasi uygulamalar igin kabuklu ve i¢ meyvelerinin bazi mithendislik 6zellikleri
(fiziksel 6zellikler, renk 6zellikleri, statik siirtiinme katsayilari ve mekanik davranislar) incelenmistir. Cakildak ve Fosa gesidi kabuklu findik meyveleri
igin nem igerikleri sirasiyla %8.69-7.56 (% yas bazda) ve i¢ findik igin %5.37-4.64 (% yas bazda) olarak belirlenmistir. Kabuklu ve i¢ findik meyvelerinde
kiitle, ytiz meyve kiitlesi, meyve hacmi, y1gin yogunlugu ve meyve hacim agirlig: gesitler icin istatistiksel olarak 6nemli (p<0.01) farkliliklar gostermistir.
Cakildak ¢esidi kabuklu meyvelerde en yiiksek L* degerini, i¢ findikta ise Fosa gesidi gostermistir. Hem kabuklu hem de i¢ findik icin gesitler arasinda
en yiiksek statik siirtiinme katsayisi degerleri kauguk yiizeyde goriilmiistiir. Mekanik testler sonucunda her iki gesitte farkl1 yiikleme hizlarinda ve
eksenlerde kopma kuvveti degerlerinde istatistiksel olarak 6nemli bir fark gozlenmistir. Findik gesitlerinin miihendislik 6zelliklerinin (fiziksel 6zellikleri,
renk Ozellikleri, statik siirtiinme katsayilar1 ve mekanik davraniglar) bilinmesinin 6nemli bir veri kaynag: olacagi ve ekim, hasat ve harmanlama ve hasat
sonrast mekanizasyon icin temizleme, tasima, paketleme, depolama, isleme, siniflandirma gibi miihendislik g¢alismalarinin gelistirilmesine katki
saglayacag diisiiniilmektedir.

Anahtar Kelimeler: Findik gesitleri, fiziksel ve renk 6zellikleri, statik siirtiinme katsayis1, mekanik davranislar.
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INTRODUCTION

Hazelnut is the most widely cultivated hard-shelled fruit in the world after almonds. The cultivated
cultivars of hazelnut are grown in Turkey, Italy, Spain, the USA, Chile, China, Iran, France, Azerbaijan,
Russia and Georgia (TEPGE, 2021). In our country, the cultivation of hazelnut was first started in the
Eastern Black Sea Region and spread to the Western Black Sea Region and then to other regions with the
guarantee of the purchase of hazelnuts by the state. Provinces, where hazelnut production is common in
Turkey, are Ordu, Samsun, Giresun, Sakarya, Diizce and Trabzon. In Turkey, 80-85% of hazelnuts
produced are exported and 15-20% of them are consumed in the domestic market (TMO, 2019).

According to the data of FAO (2019), world hazelnut production is 1.125 thousand tons in a 1 million ha
area. Important hazelnut-producing countries in the world are Turkey, Italy, USA, Azerbaijan, Georgia,
France, Iran, China and Chile. Turkey ranks first in hazelnut production and export in the world. According
to TUIK data, hazelnut production in Turkey has changed between 665 and 775 thousand tons in the last
five years. According to the data for 2021, the amount of hazelnut production in Turkey was 684 thousand
tons (TUIK, 2021).

Hazelnut yields in Trabzon, Giresun and Ordu provinces are lower than in Zonguldak, Sakarya and Diizce
provinces. An increase is observed in the planting areas in this region due to the higher farm sizes and
yields of the producers in Kocaeli, Sakarya and Diizce provinces.

The low level of productivity in Turkey, which is the world's largest hazelnut producer, also negatively
affects profitability. To obtain more and quality products from the unit area, competitive and sustainable
hazelnut farming, where productivity is prioritized, should be implemented. To increase the yield and
quality of hazelnut, it is necessary to develop and expand good agricultural practices.

Hazelnut consumption in Turkey is mostly made for a snack, and the consumption of hazelnut oil, hazelnut
chocolate, ground hazelnut and other products remains below the desired level. Internal consumption
cannot be increased to the required extent. To increase the consumption of hazelnut and its products,
consumer-oriented production models should be applied. The biggest problem in the hazelnut production
region is the lack of storage infrastructure. In this context, all institutions and organizations should be
encouraged to activate licensed storage. Quality is very important in the marketing of a product. In this
context, all manufacturers, large and small, throughout Turkey should be encouraged to make quality
production (TMO, 2020).

Obtaining information about both the construction materials and the properties of the stored product is
considered important in the design of storage structures for hazelnuts. Mechanical properties such as
friction depend on the surface structure of the hazelnut and the arrangement of the grains. Deformation of
the hazelnut also makes it increasingly important for estimating loads on storage structures for crops
(Molenda et al., 2004).

Hazelnut fruit is not only consumed as a nut but also widely used in pastry, halvah, dessert and especially
in the chocolate industry. Hazelnut is a rich source of folic acid, vitamins E, K and C, and minerals such as
iron, zinc, copper, protein and fibre. It contains unsaturated fatty acids, then, it is also a therapeutic food
in terms of heart health (Glindiiz et al., 2018).

Knowledge of the engineering characteristics (geometric and volumetric properties, colour properties,
static friction coefficient and mechanical behaviors) of the hazelnut cultivars is necessary to design
hazelnut processing equipment. They are important for the adoption and design of several packaging,
handling, transportation and storage systems. The functioning of many machines used for post-harvest
application and the food industry is influenced by the size, shape and sphericity the most important
properties. The volume and density of the fruits play an important role in post-harvest technological
processes and the evaluation of product quality. Most of the damage occurs in the post harvest application
as well as mechanical conveying and other equipment in the mechanical processing of agricultural
materials especially fruits.
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It is important to determine hazelnut fruit quality in terms of dimensions, colour and mechanical damage.
Knowledge of engineering characteristics is crucial as they are necessary to determine and guarantee the
quality of the product.

In this study, some engineering characteristics (physical properties, colour characteristics, static friction
coefficient and mechanical behaviours) of Cakildak and Fosa hazelnut cultivars were determined in terms
of designing, developing, and projecting the necessary equipment harvesting, and post-harvest
applications.

Many researchers have conducted studies on the physical properties, colour change and mechanical
properties of hazelnuts (Aydin, 2002; Giiner et al., 2003; Ozdemir and Akinc, 2004; Altuntas and Ozkan,
2008; Delprete and Sesana, 2014; Cetin et al., 2020).

MATERIAL AND METHOD

In this study, Cakildak and Fosa hazelnut fruits were harvested from a farmer's garden in Samsun in the
2021 season. Cakildak cultivar, on the other hand, has been used because it is a cultivar that is produced
quite a lot in Turkey and has a high yield. Engineering characteristics of hazelnut vary according to the
cultivar. Fosa hazelnut is one of the first cultivars that comes to mind when it comes to hazelnut cultivars,
as well as a large and flamboyant cultivar in Tiirkiye. While the bark of the Fosa cultivar is darker, on the
contrary, the bark of the Cakildak cultivar is lighter. Hazelnut fruits were brought to Tokat Gaziosmanpasa
University, Faculty of Agriculture, Biosystem Engineering Department as soon as possible. Some
engineering characteristics (geometric and volumetric properties, colour properties, static friction
coefficient and mechanical behaviors) were determined in the Biological Material Laboratory. Damaged
and broken fruits were excluded from the experiments. Fosa and Cakildak hazelnut samples used in this
experiment for shelled and kernel are presented in Figures 1 and 2, respectively.

Figure 1. Samples of the shelled and kernel of the Fosa hazelnut cultivar.
Sekil 1. Fosa findik cesidinin kabuklu ve i¢ drnekleri.

Figure 2. Samples of the shelled and kernel of Cakildak hazelnut cultivar.
Sekil 2. Cakildak findik cesidinin kabuklu ve i¢ drnekleri.

To determine some geometric and volumetric characteristics of shelled and kernel hazelnut fruits, 100 fruits
were used. The size dimensions of hazelnut samples were determined with a digital caliper (with an
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accuracy 0.01 mm) (Figure 3). For geometric mean diameter, sphericity and surface area were used 100
hazelnut samples and they were determined from Equations 1, 2, and 3, respectively (Mohsenin, 1980).

Ga = (LoxWxT)M? 1)
Sp = [(Ga/Lg)]x100 (2)
Sp = 7x(Gg)? 3)
Here;
Lg : length,
Wi: width,

Tt : thickness
G : geometric mean diameter,
Sk : sphericity,

Sr: surface area

Figure 3. Representation of the axial dimensions (FX, FY, FZ) forces and measurement of size dimensions of kernel
hazelnuts sample.
Sekil 3. Eksenel boyutlarimin (FX, FY, FZ) kuvvetlerinin goriiniimii ve i¢ findik rneginin boyut boyutlarimin élgiimii.

Fruit masses (My) were measured with a digital electronic balance (with an accuracy of 0.001 g). For the
measurement of hundred fruit masses (Hwy), the average of 100 fruit masses was taken in 4 replicates. The
liquid displacement method was used to determine the fruit density (Fs, (kg m?) for the shelled and kernel
hazelnut fruits. Pure water was used as a fluid (Sacilik et al., 2003). The hectoliter method was used for the
bulk density (Ba) (kg m?). The porosity value (Pr) was used as a ratio of bulk density and fruit density. The
following equation was used for fruit volume (Fv) (Mohsenin, 1980).

T
F, = 2 X(LgXW;xT, ) (4)

A colorimeter device was used to determine the colour characteristics of shelled and kernel hazelnut
cultivars. For colour characteristics, L*, 2%, b* hue angle and chroma were determined. Hue angle and
chroma were determined by the equations below (McGuire,1992).
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Cr=[(a)*+ ("H*1°° (5)

*

h*=tan"lx — ©)
a

In the measurement of coefficients of friction for hazelnut cultivars, PVC, laminate, galvanized sheet,
rubber and plywood surfaces were used with a friction measurement device (Yilmaz and Altuntas, 2020).
For the measurement friction of the coefficient, the inclination angle was taken into account as tana basis
at the time the fruits start to move from friction surfaces.

In compression tests against the mechanical force for the behaviour of hazelnut cultivars for shelled and
kernel, a Biological Material Test Device (Sundoo HP-500) was used. This device has a dynamometer, a
stand, a motorized motion unit and a computer-connected. In the tests, the force and time curves were also
taken graphically, and the force (Ry) and deformation values (Dy) of the fruits were determined. In the
compression test, three different loading speeds (30 mm min-1, 60 mm min!, 90 mm min) used were used.
The absorbed energy, hardness and power required for rupturing were determined with the following
equations (Mohsenin, 1980).

RexD
a= L2 @)
R
H, = D—; ®)
A, xH;
P,=—- 9
™ 60000xDs )

Here;

Ac: Absorbed energy (N mm),

Ry : Rupture force (N),

Ds: Deformation (mm),

H;s : Hardness (N mm™),

Prr: Power required for rupturing (W),
Lsp: Loading speed (mm min).

SPSS 17 (Statistical Package for Social Sciences) program was used for the statistical evaluations of the
research results. It was determined that the normality tests performed before the analysis of the variance
of the data were suitable for statistical analysis. By using a one-way analysis of variance in the study, the
effect of cultivars on the parameters examined with Duncan's multiple comparison tests was determined.
An analysis of variance was performed for deformation, hardness and rupture force and power parameters
are taken into account with loading speed and axes.

RESULTS AND DISCUSSION

The moisture contents of Cakildak and Fosa hazelnut cultivars were determined as 8.69 and 7.56% wet
basis for shelled fruits and 5.37 - 4.64% w.b, respectively. The results of the engineering characteristics
(geometric, volumetric, colour, static friction properties and mechanical behaviour) of hazelnut cultivars
were examined for both shelled and kernel fruits, respectively.

Geometric Characteristics
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The geometric characteristics of hazelnut fruit are given in Table 1. The highest surface area was
determined as 980.09 mm? in the shelled Fosa cultivar and the lowest as 557.54 mm? in the kernel Cakildak
cultivar. The highest values in terms of size were obtained in the shelled and kernel Fosa cultivars. While
the length and width of the shelled fruits showed very important statistical differences for both cultivars,
they were determined to be nonsignificant in the kernel fruits. In terms of geometric mean diameters, it
was observed that while it was important in shelled for two cultivars, it was insignificant in barkless.
Karaosmanoglu and Ustiin (2007) reported that the width value of the kernel fruit was found to be the
highest value at 14.78 mm in Diizce Fosa and the lowest at 12.16 mm in the Samsun Cakildak fruits (p<0.05),
among the cultivars, respectively. Ozdemir and Akinct (2004) reported that the fruit length, width and
thickness values for the Cakildak cultivar as 18.55 mm, 16.80 mm and 15.67 mm, respectively. When
compared with the studies, it was observed that similar and close values were obtained in this study. Selvi
et al. (2020) reported that the sphericity, geometric mean diameter and surface area mean values found as
0.91, 16.76 mm and 883.92 mm?2 in the shell, and 0.89, 13.0 mm and 533.03 mm?2 in the kernels for Cakildak
hazelnut cultivar, respectively. When compared with the studies, it was observed that similar and close
values were obtained in this study.

Table 1. Geometric characteristics of hazelnut cultivars.
Cizelge 1. Findik cesitlerinin geometrik 6zellikleri.

Cultivars Lg (mm) Wt (mm) T (mm) Ga (mm) Sh (%) Sf (mm?)
Cakildak 19.71+0.19™ 16.97+0.43™ 15.4620.41rs 17.23+0.28™ 87.54+1.44rs 934.95+29.50"
Shelled  Foga 20.29+0.41" 17.65+0.38™ 15.53+0.31ns 17.6620.30™ 87.05+0.661s 980.09+34.25"
F value 16.73 13.98 0.18 11.03 0.97 9.97
Cakildak 15.59+0.50ns 13.01+0.64rs 11.68+0.70b" 13.29+0.57ns 85.11+2.12ns 557.54+47.13ns
Kernel Fosa 15.92+4.36rs 13.40+0.35ns 12.24+0.38a" 13.74+0.35ns 86.14+0.70rs 594.01+29.43ns
F value 2.82 2.81 5.02 4.35 211 4.31

Lg: Length (mm), Wt: Width (mm), Tc: Thickness (mm), Gd: Geometric mean diameter (mm), Sh: Sphericity (%), Sf: Surface area (mm?),
+: standard deviation, **: p<0.01, *: p<0.05; "s: nonsignificant

Mass and Volumetric Characteristics

The mass and volumetric characteristics of hazelnut fruit are given in Table 2. The highest value in terms
of fruit mass was observed in the Fosa cultivar with 2.27 g for shelled and 1.23 kernel fruit, respectively.
The lowest porosity valuee were found as 55.49% and 49.34% for shelled and kernel fruits in the Cakildak
cultivar, respectively. In this study, while the fruit mass, hundred masses, fruit volume, bulk and fruit
densities showed significant differences, the porosity was found to be nonsignificant.

Table 2. Mass and volumetric characteristics of hazelnut cultivars.
Cizelge 2. Findik cesitlerinin kiitle ve hacimsel 6zellikleri.

Cultivars My (g) Hus () Fo mm3) Bu (kg m-3) Fa (kg m3) Pr (%)
Cakildak 2.02+0.12b" 197.67+3.92b™ 391,18+19.94b™ 358.55+11.69b™ 808.72+59.4b™ 55.49+3.38ns
Shelled Fosa 2.27+0.25a" 219.05+6.19a™ 274,90+21.06¢™ 393.06+2.85a™ 966.76+62.06a™  59.21+2.55n
Foalue 8.29 34.02 100.42 41.14 16.92 3.88
Cakildak 1.11+0.88b™ 111.43+2.09b™ 1255.71+156.35b°  436.65+7.32a™ 865.57+60.51ns 49.34+3.90ns
Kernel Fosa 1.23+0.70a™ 122.76+2.11a™ 1379.95+100.11a"  409.98+8.48b™ 865.22+37.65ns 52.55+2.19ns
Foalue 13.10 58.17 448 28.33 0 2.57

Ms: Fruit mass (g), Hwf : Hundred mass (g), Fo: Fruit volume (mm? ), Ba: Bulk density (kg m™ ), Fa: Fruit density (kg m ), Pr: Porosity (%) , +:
standard deviation, **: p<0.01, *: p<0.05; "s: nonsignificant

Karaosmanoglu and Ustiin (2007) reported that the highest kernel fruit mass is 1.37 g in the Diizce Fosa
cultivar, while Ercisli et al. (2011), found that the fruit mass of the Fosa cultivar is 2.37 g shelled and 1.28 g
kernel hazelnut, respectively.

Ozdemir and Akinci (2004) found that the mass of the shelled hazelnut was 1.599 g and the kernel mass
was 0.924 g, respectively. Kibar and Oztiirk (2009) found that the lowest values for bulk and fruit densities
were 417.43 kg m= and 788.00 kg m= in Cakildak cultivars, respectively.

Colour Characteristics
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The colour characteristics of the hazelnut cultivar are given in Table 3. The highest L* colour characteristic
value was observed in the barkless Fosa cultivar with 37.02. Considering the results of variance analysis, it
was found to be statistically insignificant in terms of colour characteristics in shelled hazelnut cultivars.

Table 3. Colour characteristics of hazelnut cultivars.
Cizelge 3. Findik cesitlerinin renk ozellikleri.

Cultivars L* a’ b Cr he
Cakildak 29.20+5.25ns 11.21+4.08ns 9.53+3.59ns 14.74+5.36ns 40.04+3.98ns
Shelled Fosa 25.32+3.15ms 12.18+2.60ns 8.59+1.34ns 14.93+2.78ns 40.98+2.40ns
Foalue 4.00 0.40 0.61 0.01 041
Cakildak 32.63+2.22b" 8.97+1.27ns 7.01+1.19" 11.41+1.62" 37.97+3.18b"
Kernel Fosa 37.02+4.36a" 10.24+2.11ns 9.15+2.34" 13.74+3.10" 41.44+2 44a"
Foalue 8.07 2.63 6.64 4.46 7.53

+: standard deviation, **: p<0.01, *: p<0.05; ": nonsignificant

Cetin et al. (2020) determined the L* brightness value to be 42.14 in shelled hazelnut, 39.10 in kernel
hazelnut in the Cakildak cultivar, and 40.82 in shelled hazelnut, and 41.87 in kernel hazelnut in the Fosa
cultivar. In another study, Ercisli et al. (2011) examined L* a* and b* values of 23.70, 12.01, 18.18 for the
Fosa cultivar in shelled hazelnut and 28.61, 12.16, 22.21 in kernel hazelnut, respectively.

Coefficient of the Friction

The coefficients of friction values were examined on five different surfaces (PVC, galvanized sheet,
laminate, plywood, rubber) for Cakildak and Fosa hazelnut cultivars. The highest values in shelled and
kernel hazelnuts were obtained on the rubber surface. According to the results of variance analysis,
significant differences were observed on the laminated surface of shelled hazelnuts. In contrast, significant
differences were observed in PVC and galvanized surfaces in kernel hazelnuts (Table 4).

Table 4. The coefficient of friction on different surfaces in hazelnut cultivars.
Cizelge 4. Findik cesitlerinde farkl yiizeylerdeki siirtiinme katsayisi.

Cultivars pvC Galvanized steel Laminate Plywood Rubber
Cakildak 0.286+0.0133ns 0.301+0.015ns 0.208+0.015a" 0.290+0.016ns 0.368+0.017ns
Shelled  Fosa 0.267+0.0132xs 0.275+0.021ns 0.175+0.018b" 0.298+0.010ms 0.348+0.016ns
Foalue 5.00 4.89 9.43 0.80 3.58
Cakildak 0.271+0.016b™ 0.232+0.026b™ 0.238+0.016ns 0.309+0.016ns 0.459+0.028ns
Kernel Foga 0.313+0.011a™ 0.317+0.011a™ 0.238+0.010ms 0.317+0.011xs 0.445+0.000ns
Foalue 24.39 43.99 0.00 0.80 1.35

+: standard deviation, **: p<0.01, *: p<0.05; ™: nonsignificant, PVC: Polivinil Kloriir

Ozdemir and Akinci (2004) reported that the coefficient of friction was 0.265 on the plywood surface in the
shell, and 0.221 on the galvanized steel. Statistically, the plywood in the shell showed significant
differences, while the coefficient of friction was insignificant on the galvanized surface of the Cakildak
cultivar.

Mechanical Properties
Different loading speeds of hazelnut cultivars and the rupture force, deformation, absorbed energy,
hardness and rupture power values in the loading axes are given in Table 5 for the shelled and kernel
hazelnuts, respectively.

Table 5. Changes in mechanical behaviours according to loading speeds and axes of shelled and kernel hazelnuts for
two cultivars.
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Cizelge 5. Iki cesit kabuklu ve i¢c findiklarin yiikleme hizlari ve eksenlerine gire mekanik davramglarinin degisimi.

Cultivars Lps Lax R (N) Dy inm) Ae (N mm) Hs (N mm™) P (W)
X- 160.68+14.07" 3.6820.72% 291.88+39.32% 45.75+13.55 0.040:0.0035™
30 Y- 179.22+14.18 4.0120.32% 359.36+43.04% 44.93+84.69" 0.045:0.0035
z- 163.28+6.64™ 4.32+0.68 353.1657.72% 38.66+7.19 0.0410.0017"
F value 341 145 3.10 0.88 341
X- 133.14=16.48b" 4.74+1.02% 312.74+68.08b" 29.4128.04ab" 0.0670.008b™
60 Y- 187.50+10.46a" 5.1240.62% 478.08+38.63a" 37.19+6.11a" 0.094:0.005a"
Cakildak z- 132.32+15.85b" 5.4440.76% 359.39+58.25b" 24.72+4.79b" 0.066+0.007b™
Fovalue 23.72 0.93 11.45 4.77 23.72
X- 167.58+8.34a" 6.70+0.68a" 561.74+69.41a" 25.2122.77% 0.125:0.006a"
90 Y- 174.24+15.26a" 6.18+0.25a" 538.5150.58a" 28.23+2.79n 0.131:0.011a"
z- 138.00+13.52b" 5.130.41b" 353.50+40.37b" 27.08+3.88" 0.104+0.010b™
Shelled Fovalue 11.50 13.72 21.69 1.14 11.50
X- 167.20+28.26b" 3.2120.92% 264.99176.86" 55.98£20.11" 0.0410.007b"
30 Y- 206.72+16.73a" 4.03+1.27% 421.64+152.29% 55.19+15.94% 0.050+0.004a"
z- 197.26+20.36ab’ 420+0.80" 409.83+62.65™ 49.04+14.250 0.049+0.005ab"
F value 428 137 3.46 0.25 428
X- 140.58+21.63b" 4.060.71ns 283.7852.22ns 35.56+8.71b" 0.07:0.011b*
60 a 271.26+79.59a* 4.56+1.43ns 647.64+388.87ns  61.91=17.71a* 0.1420.039a**
Fosa z- 214.86+24.92a* 5.15+1.16ns 546.89+108.90ns  44.58+17.48ab* 0.1120.012a**
F value 1.03 2.73 2.78 1.61 157.91
X- 205.26+26.96b** 5.90+1.28ns 609.01162.57ns 35.81+7.24ns 0.1520.020a**
90 Y- 174.00+30.55b* 6.02+1.47ns 516.92+137.55ns  31.48+15.13ns 0.1320.023a**
z- 256.56:+34.45a%* 5.90+1.95ns 762.06+279.73ns  46.21+11.93ns 0.19+0.026b**
F value 0.51 8.11 3.26 4.28 33.00
X- 77.16+15.02 3.6120.26¢ 137.97+17.72b" 21.665.70a" 0.019:0.0038¢"
30 a 71.98+7.320 7.05£0.52a" 254.50+39.39a" 10.22+0.88b 0.036:0.0037b"
z- 83.60£9.930 5.44+1.21b" 226.17+50.33a" 16.11:+4.86ab" 0.063:0.0075a"
Fvalue 134 24.44 12.60 8.63 86.59
X- 60.4823 447 3.97+0.88% 120.26:+29.52% 15.97+4.29% 0.015:0.0001¢”
60 Y- 56.208.20% 41420.39™ 116.37+21.020 13.68+2.59" 0.028+0.0041b"
Cakildak z- 60.462.64" 5.10+1.07% 154.25+32.09% 12.29+2. 64 0.045:0.0020a"
F value 1.03 2.73 2.78 1.61 157.91
X- 84.1825.84" 4.09+1.31b" 171.72+56.83" 23.25+11.01a" 0.02120.0015¢"
90 Y- 79.26+10.13 5.59+0.88ab" 218.56+17.55% 14.63+3.69ab’ 0.039:0.0051b"
z- 77.34+15.05% 7.07+1.28a" 278.44+98.21% 11.02+1.87b° 0.058:0.0113a"
Kernel Foalue 0.51 8.11 3.26 4.28 33.00
X- 76.76:9.26" 3.2120.19b" 123.67+19.26b" 23.89+2.48ab™ 0.019:0.002¢"
30 Y- 97.16+14.10% 3.1940.57b" 152.56+18.15b" 31.64+8.66a" 0.049+0.007b™
z- 81.48+13.04™ 5.59+1.43a" 223.30+47.80a" 15.80+47.80b" 0.061+0.009a"
F value 3.76 11.88 13.21 7.60 46.07
X- 94.94+14.25~ 4.630.99% 216.51+40.56™ 21.74+7.53% 0.024:0.036¢
60 Y- 80.34:8.81m 4.83+0.85™ 196.56:+56.13" 16.82+1.91% 0.060+0.0066a"
Fosa z- 85.38+13.70% 5.16+1.15% 217.1438.22% 17.30+4.59 0.043:0.0068b"
F value 1.76 0.36 0.33 1.36 48.43
X- 112.62+15.850° 3.1320.67% 173.56+27.30" 37.98+13.02" 0.028:0.004¢"
90 Y- 98.32+16.47ab" 455+1.83 216.9172.46™ 25.61+12.81" 0.074+0.012a"
z- 88.48:6.88b" 3.38+0.39™ 149.92423.230 26.413.64 0.044:0.003b™
F value 3.88 2.20 2.65 2.07 44,50

+: standard deviation, **: p<0.01, *: p<0.05; ™: nonsignificant, Lps: Loading speed (mm min'), Lax: Loadin axes Rf : Rupture force (N),
Ds: Deformation (mm), Ac : Absorbed energy (N mm), Hs : Hardness (N mm-1), Prr : Power required for rupturing (W).

The highest force value for shelled hazelnut was 187.50 N in the Y axis at 60 mm min~ speed in the Cakildak
cultivar and 271.26 N in the 60 mm min'Y axis in the Fosa cultivar. Regarding hardness, the highest value
for the Foca cultivar was 30 mm min! in shelled and kernel hazelnut fruits. The power required for rupture
showed statistically significant differences in the two cultivars at different speeds (except for Cakildak-
shelled, 30 mm min™), in the shelled and kernel hazelnuts, respectively. While significant differences were
observed in the hardness values at 60 mm min for Cakildak and Fosa in shelled they were nonsignificant
at the same speed for kernel hazelnut fruits.

Ercisli et al. (2011) found hardness values were 313.67 N mm-" and 245.44 N mm in the shelled hazelnuts
and 85.22 N mm" and 30.22 N mm in the kernel fruits for the Fosa cultivar. Giiner et al. (2003) found the
force values for rupturing to be 393.86 N and 71.02 N in the shelled and kernel fruits, and the deformation
values to be 6.44 mm and 3.75 mm in the shelled and kernel fruits in Cakildak cultivar, respectively.
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CONCLUSION

Knowing the engineering characteristics (physical, mechanical, colour and coefficient of friction properties)
of hazelnut, which has such an important place in Turkey, is important for the transportation, cleaning,
sorting, classification, processing and storage processes and designs of these shelled and kernel fruits. Some
engineering characteristics of Cakildak and Fosa cultivars determined in this study are as follows:

-The coefficient of friction values were found to be the highest on the rubber surface and the lowest on the
laminate surface in the shelled and kernel fruits of hazelnut cultivars statistically.

-The bulk and fruit densities for the shelled and kernel fruits of the hazelnut were 358.55 and
808.72 kg m=? and 436.65 and 865.57 kg m?, respectively, while the bulk and fruit densities were found as
393.06 and 966.76 kg m- and 409.98 and 865.22 kg m for the Fosa cultivar.

- As a result of the mechanical tests, Fosa was the cultivar that had the highest force in shelled and kernel
hazelnut fruits.

-The power required for rupture in the kernel fruit of the hazelnut was found to be important at all loading
speeds and axes.

- While the geometric mean diameter values showed statistically significant differences of 17.23 and 17.66
mm for kernel fruits for Cakildak and Fosa cultivars, respectively.

-The differences between the engineering characteristics of hazelnut cultivars should be considered in
hazelnut harvest and post-harvest mechanization and food enterprises.

-The differences between the rupture forces of hazelnut cultivars are considered important in the design of
special machines for harvest and post-harvest technologies.
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RT-PCR Analysis of Caucasian and Mugla Honey Bees by SNP Markers of Chalkbrood Disease *
Kafkas ve Mugla Bal Arilarinin Tebesir Hastaliginin SNP Belirtegleri ile RT-PCR Analizi*
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Abstract: Two different honey bee subspecies’” genotypes obtained from Ordu, Apiculture Research Institute were analyzed by SNP markers using
Real-Time PCR-HRM. Genomic DNA samples analysed with 10 SNP primers those were used for identification of chalkbrood disease resistance genes
and two SNP primers those were obtained from honey bee genom sequencing. Result of SNP analyses, four primers (AMB-00858574, AMB-01151447,
AMB00631190, AMB-00686140) amplified in Caucasian honey bee and six (AMB-00858574, AMB-00612262, AMB-01151447, AMB-00631190, AMB-
00674355, AMB-00686140) primers amplified in Mugla honey bee. Four amplicons are similar for this subspecies. Result of electrophoresis analyses,
five primers (AMB00858574, AMB-00612262, AMB-01151447, AMB-00631190, AMB-00686140) form a band in Caucasian honey bee, seven amplicons
(AMB-00858574, AMB00612262, AMB-01151447, AMB-00631190, AMB-00902548, AMB-00674355, AMB-00686140) form a band in Mugla honey bee
and four amplicons (AMB00858574, AMB-01151447, AMB-00631190, AMB-00686140) similar for this subspecies. As a result of this study in Caucasian
and Mugla honeybee for identification of disease resistance and evaluability as a identification key for this subspecies was emerged the capacity of
association of single nucleotide polymorphisms to resistance to chalkbrood in two important honeybee genotypes in country of Apis mellifera using
RT-PCR for HRM analysis.

Keywords: Honey Bee, SNP, Mugla bee, Caucasian bee, Real-Time PCR, HRM, chalkbrood disease

&

Oz: Ordu, Aricilik Aragtirma Enstitiisii'nden saglanan iki farkli bal arisi alt tiiriine ait genotipler Real-Time PCR-HRM kullarlarak SNP markorleri
ile analiz edilmistir. Kireg¢ hastalig1 direng genlerinin tanimlanmasinda kullanilan 10 SNP primeri ve bal aris1 genom dizilemesinden elde edilen iki
SNP primeri ile analiz edilen genomik DNA &rneklerinde; Kafkas bal arisinda amplifiye edilmis dort primer (AMB-00858574, AMB-01151447, AMB
00631190, AMB-00686140) ve alt: (AMB-00858574, AMB-00612262, AMB-01151447, AMB-00631190, AMB-00674355, AMB-00686140) Mugla bal arisinda
amplifiye edilmistir. Bu alt tiir icin dort amplikon benzer olup elektroforez analizleri sonucunda, Kafkas bal arisinda bes primer (AMB 00858574,
AMB-00612262, AMB-01151447, AMB-00631190, AMB-00686140), yedi amplikon (AMB-00858574, AMB 00612262, AMB-01151447, AMB -00631190,
AMB-00902548, AMB-00674355, AMB-00686140) Mugla bal arisinda dért amplikon (AMB 00858574, AMB-01151447, AMB-00631190, AMB-00686140)
bir bant olusturmustur. Bu calisma sonucunda, Kafkas ve Mugla bal aris1 genotiplerinde hastalik direncinin belirlenmesi ve bu alt tiir i¢in bir
tanimlama anahtari olarak degerlendirilebilecegi, HRM analizi i¢cin RT-PCR kullanarak Apis mellifera'nin 6nemli iki bal aris1 genotipinde tek niikleotid
polimorfizmlerinin kireg direnci ile iliskilendirme kapasitesi ortaya gikarilmistir.

Anahtar Kelimeler: Bal aris;, Mugla arisi, Kafkas arisi, SNP, RT-PCR, HRM, kire¢ hastalig

Cite as: Okumus A. & Bilge F. (2023). RT-PCR Analysis of Caucasian and Mugla Honey Bees by SNP Markers of Chalkbrood Disease. International
Journal of Agriculture and Wildlife Science. 9 (2), 196-204. doi: 10.24180/ijaws.1185587

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

! Prof. Dr. Ahmet OKUMUS, Adnan Menderes University, Agricultural Biotechnology Department, e-mail: drzirmuh@gmail.com(Corresponding
author)
2 Fatih BILGE, Ondokuz Mayis University, Agriculture Biotechnology Department, e-mail : fatihbilgi@omu.edu.tr

* This study was produced by MSc Thesis

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


https://orcid.org/0000-0001-5268-801X
https://orcid.org/0000-0002-8239-2217

Ahmet OKUMUS, Fatih BILGE

INTRODUCTION

The honey bee (Apis mellifera) is of great economic, agricultural and environmental importance. For this
reason, honey bee breeding has spread all over the world, but the natural habitat of Apis mellifera is thought
to be Europe, North Africa and the Middle East, and phylogenetic analyzes have shown that the origin of
Apis mellifera is Asia (Han et al., 2012). The honey bee is one of the most important pollinator insect species
the world needs. However, unlike other pollinator species, the honey bee has become a part of human life
and has become the focus of people's attention. Although the complex social structures of honey bees are
of some interest to humans, honey bees are not the only insect that humans have either cultivated or created
a social structure. Honey bees arouse people's curiosity. In the civilizations of South East Asia, creation was
associated with the honey bee, and the honey bee was frequently mentioned in many Ancient civilizations.
The medieval church accepted the honey bee as a symbol of purity. In the Middle Ages, the Holy Roman
Emperor Charlemagne established a tax system on honey (Johnson, 2011). Honey bee is seen as a valuable
biological material by breeders due to its economic value (Tunca, 2009). The turning point for studies on
the honey bee was the sequencing of the genome of Apis mellifera. High A+T content, high C+G content,
low number of immune-determining genes, absence of transposons, and slow evolutionary rate are the
unique features of the honeybee genome. The similarity of daily biological rhythms, RNA interactions and
DNA methylation genes with vertebrates makes the honey bee a promising model organism for important
biological activities (Gupta, 2012).

Single Nucleotide Polymorphism (SNPs) is the replacement of a single nucleotide in the DNA sequence
with one of two different nucleotides. SNPs are generally bi-allelic in practice. This can be explained by the
low frequency of single nucleotide polymorphisms occurring at the origin of SNPs. Moreover, the
probability of independent nucleotide exchange occurring at the same point is very low. Polymorphism
(replacement, deletion, or insertion) of differences at a single nucleotide position occurs. Another reason is
due to an effect that occurs in mutations. This effect causes the emergence of two types of SNPs. Mutations
can occur as a transition or a transversion; transition is the replacement of purine with purine or pyrimidine
with pyrimidine, while transversion is the replacement of purine with pyrimidine or vice versa. SNPs have
an advantage over other types of polymorphism in the genetic study of complex traits and diseases. SNPs
are also very effective in population gene identification studies. The high frequency of SNPs on the genome
gives them a clear advantage in the discovery of trait or disease genes. That is, SNPs can be used in deep
gene mapping in gene cloning efforts, or more importantly, as candidate polymorphisms that have been
tested as functional or normal mutations for trait or disease. SNPs can be found in any region of the genome,
such as exons, introns, intra-gene regions, and promoter regions. SNPs are associated with alleles
associated with traits and diseases rather than with alleles associated with yield, function, and physiology.
A SNP protein in the coding region can affect gene expression, an SNP in the promoter region, and an SNP
in the intron region can affect splice splicing. Due to their simple structure such as base exchange,
microarray and other technology techniques can be developed to provide rapid and efficient genotyping
of hundreds of individuals using SNP markers. SNPs mutate less than other polymorphisms (Iglesias and
Grzelczak, 2020; Komar, 2009). SNPs have been used to scan genetic diversity and resistance to pathogenes
in many organisms (Kongchum et al., 2010; Donalds et al., 2017; Elberts et al., 2018; Kosch et al., 2019).
Schork et al., (2000), emphasizing the utility of SNPs for genetic epidemiology studies offering an overview
of genetic polymorphism and discuss the historical use of polymorphism in the identification of disease-
predisposing genes via meiotic mapping, reported that genotyping of hundreds can be done using SNP
markers.

Han et al. (2012) investigated the origin of the honey bee with approximately 1000 SNP markers. They used
2 methods to construct the phylogenetic tree: allele affinity and Fst matrix. As a result of their studies, they
found that their data was not sufficient to determine the origin of the honey bee. Allelic affinity indicates
that the honey bee is of African origin, but the Fst matrix does not. Their analysis showed that the bees in
Western and Eastern European regions came from different origins. Chapman et al. (2015) conducted a
study of 95 SNP markers to quantify the African honey bee genome that originated in Africa. As a result of
their study, they reported that these 95 SNP markers are effectively useful in African honey bee origin
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studies. Holloway et al. (2011) investigated the genes that provide resistance to lime disease in honey bees.
In their study, they suggested that resistance to lime disease in offspring is almost determined by genes
and environmental influence is minimal. They argued that since lime disease has been seen in honey bees
for a short period of time, approximately 100 years, very few genes are effective in endurance and
chalkbrood infection caused by the fungus Ascosphaera apis currently has a significant impact on Australia's
apicultural industry (Gerdts et al., 2021). They also reported that SNP markers have important roles in the
detection of genes that provide resistance to lime disease. Pinto et al. (2014), in their research; implied that
Apis mellifera mellifera, named Dark European Honey Bee is increasingly threatened in its native range has
led to the establishment of conservation programmes and protected areas throughout western Europe.
They applied 1183 SNP markers to assess genetic diversity and introgression levels in several protected
populations of A. m. mellifera comparing with samples collected from unprotected populations. SNPs
showed different levels of introgression, such as 0% in Norway and 14% in Denmark. Introgression is
higher in unprotected breeds (30%) than in preserved breeds (8%). As a result of their studies, they reported
that despite controlled breeding studies, some populations still need to be adjusted in the management of
breeding studies to clear foreign genes that can be detected by SNPs. Wallberg et al. (2014) investigated 8.3
million SNP regions obtained as a result of sequencing 140 genomes from 14 honey bee populations
worldwide. As a result of their studies, they provided information about the genetic evolution and local
adaptations of honey bees. They reported that population sizes fluctuate to reflect historical climate waves.
In their study, they reported that modern breeds have high genetic diversity and this shows that honey
bees do not form bottle noses during cultivation. They reported that the levels of genetic variation are
highly shaped by natural selection. They identified genomic traces of local adaptation. They reported that
these traces are rich in immune system genes.

Shi et al. (2013), in their study on A. cerana cerana, created the first linkage map 17 for A. cerana cerana using
1535 SNP markers. In their study, they found 19 linkage groups from 16 chromosomes by comparing the
markers with the genome of A. mellifera. They reported that the final map obtained contains 16 anchor
points with 1535 markers. Chavez-Galarza et al. (2013) investigated the traces of selection to represent both
the natural distribution of Apis mellifera iberiensis and a wide variety of climates ranging from the semi-arid
in south-eastern to oceanic in north-western Iberia by performing genome scanning analysis using SNP
markers in their study. They stated that 15 of the 34 results they obtained in total were strongly related to
one or more environmental conditions. Henriques et al. (2013) investigated the amount of crossing between
Italian and carniolan bees with European black honey bees in their study. In their study, they compared
the microsatellite and SNP markers and tried to understand which marker best describes the hybridization
level. They stated that the microsatellite data set they used and 2 of the 3 SNP data sets they used in their
studies with different data sets on samples from different European countries gave similar results, but the
data of 1 SNP data set were different. Shi et al. (2013) performed the first genetic mapping of Apis cerana
cerana. F» worker bees (N=13) were genotyped for 126990 single nucleotide polymorphism. After
eliminating the low-quality ones and those who did not pass the Mendelian test, 3000 SNPs were obtained
and 1535 of them were used in the creation of the linkage map. They reported that the final map contains
16 link groups containing 1535 markers. The total genetic distance was determined as 3,942.7 cM. They
measured the mean marker spacing as 2.6 cM among the 16 linkage groups. They reported that since the
map in question is based on SNP markers, easier and faster genotyping methods would be possible
compared to the RAPD and microsatellite-based maps used in A. mellifera. The study was performed to
establish the capacity of association of single nucleotide polymorphisms to resistance to chalkbrood in two
important honeybee breds of Apis mellifera using RT-PCR for HRM analysis.

MATERIAL AND METHOD

Material

The honeybee samples were enabled from 30 colonies by the experts of Ordu Honeybee Institute which
collected from Artvin territory as Caucasian honeybee subspecies and Mugla territory as Mugla ecotype of
Anatolia subspecies. The samples were preserved carefully in well-labelled specimen bottles containing
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70% alcohol. These samples were transported to the biotechnology laboratory of Ondokuz Mayis
University, Agricultural Faculty, Laboratory of Agricultural Biotechnolgy Department, Samsun in Turkiye.

Methods

Chemicals used DNA master mixes used in the study; Biotium (California, USA), primer sets
Centromere DNA Technologies and chemicals required for all other solutions were obtained from Sigma-
Aldrich (Taufkirchen, Germany). Genomic DNA isolation was performed according to the CTAB
(hexadecyltrimethyl ammonium bromide) isolation method according to Se¢gin (2015). Real-Time PCR
components used in molecular studies Fast EvaGreen qPCR mastermix was used as master mix Primers:
Twelve synthetic oligonucleotide primer pairs were used in SNP analyses. The names and base sequence
(5'-3") of the primers used are given in Table 1. In this study, Holloway et al. (2012) investigated the
relationship between the resistance to lime disease in honey bees and SNPs, ten SNP regions they found
polymorphic and two of the SNP regions on the genome sequence reported in 2011 as a result of the Honey
Bee Genome Project conducted by the Human Genome Sequencing Center were used.

Table 1. Used SNP primers used in this study.
Cizelge 1. Bu ¢aligmada kullamilan SNP primerleri.

No Primer Primer Sequence (5’-3") GC Oran
1 rs21784922F AGCCATTCTATTTTCCGGATCCCGG 52
rs21784922R AACTGGGTTATTCTCATTCCCGTTA 40
2 rs21784921F CTAAGTAAACTTGGGGAAAGATTAG 36
rs21784921R GATTAGAATTATTTCAGCCAATTCT 28

3 AMB-00858574F TCATTGTTCCCACCGATCGAGCAT 50
AMB-00858574R CGCTGTTTGGCATTCGACACTTTC 50

4 AMB-00612262F GAGAGCGCGAAATCACCGATGAAA 50
AMB-00612262R TGGCTACAAACTGTTGCTCCATCT 45,8

5 AMB-01118908F TGTCCTTCGGATTTATCGGGCGAA 50
AMB-01118908R CAGATTGCACTGCCAAGCCTTCAA 50,24

6 AMB-01151447F TGAACCTCAAAGACTACCACGCCA 50
AMB-01151447R ATGATTCGCCTTGAACTTGCGACC 50

7 AMB-00902552F GTTGGTAACGCAAGCTAAATCTACG 47
AMB-00902552R TGCGCCAGAATGGTAAACGGATTG 50

8 AMB-00631190F AACCAGCGTTAAGGGAGGAACAGT 50
AMB-00631190R TGTTCGGTGGTGAAACGAGTGGTA 50

9 AMB-00902548F ACAAGTTGTGTGTACCGGTGGTTG 50
AMB-00902548R TCCATTATTGCGACTGCGCAGGAT 50

10 AMB-00674355F AAGAAAGATCGACGCACGATTGGC 50
AMB-00674355R ATTGAATCGCGCGCGGAAAGAGAT 50

11 AMB-00640650F CCGCGGATTCTTGATAGAGATACCGAA 48,1
AMB-00640650R GTTGAGGAAGATGGAGATGTTGAGG 48

12 AMB-00686140F TCGGTTAATTTACGAACGAAATACATG 35,7
AMB-00686140R GCGATAACGTCCGAAATCGCAAATCC 48

The Real-Time PCR and HRM protocol applied in the study are given below. Amplification of the
prepared samples was carried out in Biorad brand "Real-Time PCR thermal cycler" device. Step
Temperature Time in PCR Cycle ; It was as follows 11 min of initial denaturation at 95 °C, followed by 40
cycles; each consisting of a denaturation segment 15 s at 94 °C, an annealing segment of 15 s at 57 °C, an
extension segment of 20 s 72 °C and the final elongation was applied at 72 °C for 2 minutes. In the Melting
(HRM) Analysis, the results were obtained with 65 °C > 95 °C and + 0.2 °C / s increments.
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RESULTS AND DISCUSSION

Comparison of Caucasian bee and Mugla bee using SNP markers was analysed in terms of melting
temperature value by RT-PCR. Real-Time PCR and HRM analyses, bee genotypes obtained from ORDU,
Apiculture Research Institute were subjected to Real-Time PCR and HRM processes using twelve SNP
primers. As a result of Real-Time PCR analysis, six primers did not amplify in either genotypes which
performed four primary amplifications in the Caucasian bee genotype and six in the Mugla bee genotype.
As a result of the HRM analysis, the temperature of the environment in which the samples were located
was increased from 65 °C to 95 °C, with an increase of 0.2 °C per second. Amplicons deteriorated at different
temperatures according to their A-T and G-C contents. As a result of this deterioration, the fluorescent dye
contained in the amplicons was released and the machine detected the melting temperature of 29 °C when
this dye irradiated.

Analysis results are shown in Table 2. The band size of 300 bp at primer 4 (Halloway et al., 2013) is
displayed in Figure 1. The band size was similar to primer 9 and primer 10, but the results were not equal
to the RT-PCR findings. In Figure 2 and Figure 3, the peaks formed as a result of the HRM analysis of the
samples are seen. In the study, two honey bee breeds (Caucasian bee and Mugla bee) were analyzed using
Real-Time PCR with twelve SNP primers that were previously evaluated for disease resistance in different
breeds. This analysis was evaluated by the presence of both point mutations and electrophoretic bands.

Table 2. HRM value of amplificated primers by RT-PCR analysis.
Cizelge 2. RT-PCR analizi ile ¢ogaltilan primerlere ait HRM degerleri.

Caucasian Honeybee Mugla Honeybee

No Amplificated Primers Peak Value Melting Peak Value Melting
Temperature °C Temperature °C

1 AMB-00858574 1892,97 79,20 2048,56 79,60

2 AMB-00612262 1436,55 81,20

3 AMB-01151447 592,37 75,00 653,74 75,40

4 AMB-00631190 463,03 73,80 478,87 74,20

5 AMB-00674355 1046,80 75,40

6 AMB-00686140 783,86 71,20 514,82 71,00

-
- -
.-
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Markor

Figure 1. The band sizes of Mugla and Caucasian honeybees runned by twelve SNP primers
Sekil 1. Oniki SNP markorii ile test edilen Mugla ve Kafkas arisinda band biiytikliikleri

As a result of Real-Time PCR-HRM analysis, four (AMB-00858574, AMB-01151447, AMB-00631190, AMB-
00686140) genotypes in Caucasian bees and six (AMB-00858574, AMB-00612262, AMB-01151447, AMB)
bees in Mugla AMB-00631190, AMB-00674355, AMB-00686140) generated the primary amplicon. Six of the
twelve primers (rs21784922, rs21784921, AMB-01118908, AMB-00902552, AMB-0064 0650, AMB-00902548)
did not generate amplicons in either genotype. The peaks formed by the amplicons formed by four primers
(AMB-00858574, AMB-01151447, AMB-00631190, AMB-00686140) in Caucasian and Mugla bees were
similar, while two amplicons (AMB-00612262, AMB-00674355) were seen only in Mugla bees. This result is
also supported by the electrophoresis analysis. In the analysis, twelve PCR products of both genotypes
were carried out in 2% gel electrophoresis and results close to Real-Time PCR-HRM analysis were obtained.
As aresult of the analysis, five amplicons (AMB-00858574, AMB-00612262, AMB-01151447, AMB-00631190,
AMB-00686140) formed bands in the Caucasian bee genotype. Seven amplicons (AMB-00858574, AMB-
00612262, AMB-01151447, AMB-00631190, AMB-00902548, AMB-00674355, AMB-00686140) formed bands

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

200



Ahmet OKUMUS, Fatih BILGE

in Mugla bee genotype. Four of these bands (AMB-00858574, AMB-01151447, AMB-00631190, AMB-
00686140) are similar to the Caucasian bee genotype. The three bands (AMB-00612262, AMB-00902548,
AMB-00674355) are different. According to the results of HRM performed with AMB-00612262 primer, its
absence in Caucasian bees makes Mugla bee advantageous in terms of carrying the chalkbrood disease
gene. Aronstein et al (2015) revealed a codominant relationship in the RFLP analysis of bands that appeared
with the same primer. Accordingly, while only a single 300 bp RR-dominant genotype was seen in the
DNA fragment cut with the EcorV restriction enzyme, the SS and RS genotypes gave 300 bp, 213 bp and 87
bp bands, respectively. Mugla bee genotype strengthens that it carries genes in dominant structure with a
single band, and the absence of codominant melting structure also supports this.

Melt Peak
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Figure 2a. HRM analysis of Caucasian Bee genotype by RT-PCR
Sekil 2a. RT-PCR ile Kafkas ar: genotiplerinin HRM analizi
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Figure 2b. HRM analysis of Mugla Bee Genotype by RT-PCR
Sekil 2b. RT-PCR ile Mugla ar1 genotipinin HRM analizi
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Figure 3a. HRM analysis for AMB-00612262 primers for Caucasian Bee Genotype.
Sekil 3a. Kafkas ar1 genotipinin AMB-00612262 primerine ait HRM analizi
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Figure 3b. HRM analysis for AMB-00612262 primers for Mugla bee genotype.
Figure 3b. Mugla ar1 genotipine ait AMB-00612262 primerine ait HRM analizi

In the study, no point mutations that would create an allele were found with the HRM analysis using the
SNP marker. Holloway et al. (2012) investigated the relationship of SNP markers with genes providing
resistance to lime disease in their study on various commercial bee populations, and as a result of their
study, they found that ten SNPs were associated with these 40 genes and were informative about these
genes. In this study; Five of the ten SNP sites were detected in Caucasian bees and seven in Mugla bees.
Possibly occurring differences can be considered as deletion or deletion unless proven otherwise.

Chalkbrood disease in honey beee which is created by fungal patogene Ascosphaera apis is an economially
damaging larval disease. Although SNP have been used to scan genetic diversity, resistance to pathogenes
in many organisms there is no enough study on honey bee (Kongchum et al., 2010; Donalds et al., 2017;
Elberts et al., 2018; Kosch et al., 2019). For genotyping immune genes in honeybee, Henriques et al., (2021)
developed 91 quality-proved functional SNPs working 89 innate immune genes using the high-sample-
thoughput IPLEX MassARRAY system but there was no chalkbrood disease genes.

Schork et al. (2000), as a result of their studies, reported that genotyping of hundreds of individuals can be
done using SNP markers. It has been revealed that the SNP markers used in the study are an effective tool
in the molecular identification of honey bee breeds. Han (2012) identified 15 honey bee breeds with SNP
markers which used 1136 SNP markers in his study and reported that 1029 of these markers showed
variation among all races and 40% of SNPs were polymorphic in each race. Pinto et al. (2014) investigated
the variation in conserved European populations of Apis mellifera mellifera using 1183 SNP markers in their
study. As a result of their study, they reported that the variation in protected populations was lower than
that in unconserved populations. As a result of this study, it was revealed that three of the twelve primers
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used (AMB-00612262, AMB-00902548, AMB-00674355) differ between races. With Real-Time PCR-HRM
analysis, without the need for electrophoresis, molecular identification could be made with the help of
graphics formed as a result of the analysis. In the light of these results, it was revealed that Real-Time PCR-
HRM analysis should be studied in more detail in point mutations in such studies. With this type of
differentiation technique, it can be suggested not only to distinguish between races, but also to understand
how genetic contamination is from different races in the genetic structure of a population belonging to any
honey bee race. Henriques et al. (2013) investigated the amount of crossing between Apis mellifera luigustica
and Apis mellifera carnica honey bee breeds with Apis mellifera mellifera honey bee breed.

CONCLUSION

As aresult of this study, it was suggested that SNP markers are the ideal marker method for similar studies.
These markers can be used for a difference or similarity in the genotypebut their effect may not always
manifest itself in the phenotype. However, molecular discrimination is absolutely necessary for the
complete differentiation of two different populations or races. High Resolution Melting (HRM) analysis
has been used as an accurate tool in disease diagnostics, species identification and SNP genotyping. It may
be necessary to increase the number of character-specific SNP markers by sequencing for HRM analysis. In
order to develop an effective identification analysis. By increasing the number of SNP markers, race-
specific marker sets can be created to make this differentiation much more effective. SNP markers are also
used as efficient markers in studies investigating the origin of Apis mellifera. Chapman et al. (2015)
conducted a study of 95 SNP markers to quantify the African honey bee genome that originated in Africa.
As a result of their studies, they reported that these 95 SNP markers can be used effectively in African
honey bee origin studies . In this study, the association of single nucleotide polymorphisms to resistance
to chalkbrood disease using RT-PCR for HRM analysis was conducted as two important honeybee breds
that are Caucasian and Mugla bees. The results of SNP analysis using RT-PCR and HRM values reveals
that there is to carry an potantial for detection of resistance to diseases as well as racial discrimination.

CONFLICT OF INTEREST
The author (s) declarated that there are no conflicts of interest under this title.

DECLARATION OF AUTHOR CONTRIBUTION
The authors declarated that there are no conflicts of interest under this title.

ACKNOWLEDGMENT
The authors thanks to Tarbio Biotechnology Company for financial support of this study.

REFERENCES

Aronstein, K., Colby, D., & Holloway., B. (2015).Validation of genetic markers associated with chalkbrood resistance.
Trends Entomology, 11, 47-53.

Chapman, N. C,, Harpur, B. A, Lim, ], Rinderer, T. E., Allsopp, M. H., Zayed, A., & Oldroyd, B. P. (2015). A SNP test to
identify Africanized honeybees via proportion of african ancestry. Molecular Ecology Resources, 15, 1346-1355.
https://doi.org/10.1111/1755-0998.12411.

Chavez-galarza, J., Henriques, D., Johnstone, J. S., Azevedo, J. C., Patton, J. C., Mufioz, I, De la rta, P., & Pinto, M. A.
(2013). Signatures of selection in the Iberian honey bee (Apis mellifera iberiensis) revealed by a genome scan analysis
of single nucleotide polymorphisms (SNPs). Molecular Ecology, 22, 5890-5907. https://doi.org/10.1111/mec.12537.

Donaldson, M. E., Christina M. Davy, Craig K. R. Willis, Scott McBurney, Allysia Park, Christopher J. Kyle. (2017)
Profling the immunome of little brown myotis provides a yardstick for measuring the genetic response to white-nose
syndrome. Evol. Appl. 10, 1076-1090.

Elbers, ]J. P., Brown, M. B. & Taylor, S. S. (2018) Identifying genome-wide immune gene variation underlying infectious
disease in wildlife populations: A next generation sequencing approach in the gopher tortoise. BMC Genom. 19, 64.

Gerdsts, J. R., Roberts, J. M. K., Simone-Finstrom, M., Ogbourne, S. M, & Tucci, J. (2021). Genetic variation of Ascosphaera
apis and colony attributes do not explain chalkbrood disease outbreaks in Australian honey bees. Journal of Invertebra
Pathology. 180, 107540. https://doi.org/10.1016/j.jip.2021.107540.

Gupta, P, Conrad, T., Spotter, A., Reinsch, N., & Bienefeld, K. (2012). Simulating a base population in the honey bee for
molecular genetic studies. Genetics Selection Evolution, 44(14). https://doi.org/10.1186/1297-9686-44-14

Han, F. (2012). Genome wide analysis of genetic variation in honeybee, Apis mellifera [Degree project]. Biology Education
Centre and Department of Medical Bio chemistry and Microbiology Uppsala University, Uppsala.

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

203


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

RT-PCR Analysis of Caucasian and Mugla Honey Bees by SNP Markers of Chalkbrood Disease

Han, F., Wallberg, A., & Webster, M. T. (2012). From where did the Western honeybee (Apis mellifera) originate?. Ecology
and Evolution, 2(8), 1949-1957. https://doi.org/10.1002%2Fece3.312.

Henriques, D., Jara, L., Chavez-Galarza, J., Rufino Amaro, J., De la Rua, P., & Pinto, M. A. (2013). Introgression levels of
the Italian and carniolan honey bee subspecies into the black honey bee: a comparison between microsatellite and single nucleotide
polymorphism (SNP) markers. Instituto Politécnico de Braganga Biblioteka Digital.

Henriques D, Lopes AR, Chejanovsky N, Dalmon A, Higes M, Jabal-Uriel C, Le Conte Y, Reyes-Carrefio M, Soroker V,
Martin-Hernandez R, Pinto MA. (2021) A SNP assay for assessing diversity in immune genes in the honey bee (Apis
mellifera L.). Sci Rep. 28;11(1):15317. doi: 10.1038/s41598-021-94833-x. PMID: 34321557; PMCID: PMC8319136.

Holloway, B., Tarver, M. R., & Rinderer, T. (2013). Fine mapping identifies significantly associating markers for resistance
to the honey bee brood fungal disease, Chalkbrood. Journal of Apicultural Research 52(3), 134-140.
https://doi.org/10.3896/IBRA.1.52.3.04.

Holloway, B., Sylvester, H. A., Bourgeois, L., & Rinderer, T. (2015). Association of single nucleotide polymorphisms to
resistance to chalkbrood in Apis mellifera.  Journal of  Apicultural — Research, 51(2), 154-163.
https://doi.org/10.3896/IBRA.1.51.2.02.

Holloway, Beth, Sylvester, H, Bourgeois, L., Rinderer, T. (2012). Association of single nucleotide polymorphisms to
resistance to chalkbrood in Apis mellifera. Journal of Apicultural  Research, 51, 154-163.
https://doi.org/10.3896/IBRA.1.51.2.02.

Iglesias, M. S., & Grzelczak, M. (2020). Using gold nanoparticles to detect single-nucleotide polymorphisms: toward
liquid biopsy. Beilstein Journal of Nanotechnology. 11, 263-284. https://doi.org/10.3762%2Fbjnano.11.20

Johnson, L. S. (2011). Apis mellifera (Honey Bee) a teacher’s companion [MEd Prodject]. Antioch University New England,
Antioch.

Komar, A. A. (2009). Single Nucleotide Polymorphisms; Methods in Molecular Biology; Humana Press: New York City, NY,
U.S.A. https://doi.org/10.1007/978-1-60327-411-1.

Kongchum, P., Palti, Y., Hallerman, E. M., Hulata, G. & David, L. (2010) SNP discovery and development of genetic
markers for mapping innate immune response genes in common carp (Cyprinus carpio). Fish Shellfsh Immunol. 29,
356-361.

Kosch, T.A., C. N. S. Silva, L. A. Brannelly, A. A. Roberts, Q. Lau, G. Marantelli, L. Berger, L. F. Skerratt. (2019) Genetic
potential for disease resistance in critically endangered amphibians decimated by chytridiomycosis. Anim. Conserv.
22, 238-250.

Kwak, M. M., Velterop, O., & Boerigter, E. ]. M. (1996). Insect diversity and the pollination of rare plant species. In: A.
Matheson, S. L. Buchmann, C. O'Toole, P. Westrich, & I. H. Williams (eds), The conservation of bees. Academic Press.

Liu, Yuanzhen, Yan, L. Li, Zhiguo, Huang, Wei-Fone, Liu, X, Su, Songkun. (2016). Larva-mediated chalkbrood resistance-
associated single nucleotide polymorphism markers in the honey bee Apis mellifera. Insect molecular biology. 25.
10.1111/imb.12216.

Pinto, M. A., Henriques, D., Chévez-Galarza, ]., Kryger, P., Garnery, L., van der Zee, R., Dahlee, B., Soland-Reckeweg,
G., delaRua, P, Dall' Olio, R., Carreckj, N. L., & Johnston, ]. S. (2014). Genetic integrity of the dark european honeybee
(Apis mellifera mellifera) from protected populations: a genomewide assessment using SNPsand mtDNA sequence
data, Journal of Apicultural Research, 53(2), 269-27. https://doi.org/10.3896/IBRA.1.53.2.08.

Rehner, Steve & Evans, Jay. (2009). Microsatellite loci for the fungus Ascosphaera apis: Cause of honey bee chalkbrood
disease. Molecular Ecology Resources. 9.10.1111/j.1755-0998.2008.02455.x.

Schork, N. ], Fallin, D., & Lanchbury., S. (2000). Single nucleotide polymorphisms and the future of genetic
epidemiology, Clinical Genetics, 58, 250-264. https://doi.org/10.1034/j.1399-0004.2000.580402.x

Secgin, Z. (2015). Domates genotiplerinde farkli besi ortamlarimda kallus gelisimi ve genetik farklili§in RAPD markdrleri ile
belirlenmesi, [Yiksek Lisans Tezi], Ondokuz Mayis Universitesi, Fen Bilimleri Enstitiisii, Samsun.
https://tez.yok.gov.tr/UlusalTezMerkezi/.

Shi, Y. Y., Sun, L. X, Huang, Z. Y., Wu, X. B., Zhu, Y. Q., Zheng, H. ., & Zeng, Z. ]. (2013). A SNP based high-density
linkage map of Apis cerana reveals a high recombination rate similar to Apis mellifera. PLoS ONE, 8(10), e76459.
https://doi.org/10.1371/journal.pone.0076459.

Tunca, I. R. (2009). Determination and comparison of genetic variation in honeybee (Apis mellifera 1.) populations of turkey by
random amplified polymorphic dna and microsatellite analyses, [Doktora Tezi], Orta Dogu Teknik Universitesi, Fen
Bilimleri Enstitiisii, ANKARA. https://tez.yok.gov.tr/UlusalTezMerkezi/.

Wallberg, A., Wellhagen, G., Dahle, B., Kawata, M., Haddad, N., Simdes, Z. L. P., Allsopp, M. H., Kandemir, I., De la
Raa, P., Pirk, C. W., & Webster, T. W. (2014). A worldwide survey of genome sequence variation provides insight
into the evolutionary history of the honeybee Apis mellifera. Nature Genetics, 46, 1081-1088.
https://doi.org/10.138/ng.3077.

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

204



Research Article

1 BA) :
4 s . S’% ~ International Journal of Agriculture and Wildlife Science Dyfune
s e Z =
N =
Z u _5 Uluslararasi Tarim ve Yaban Hayat1 Bilimleri Dergisi
Vg >
g1 2023, 9(2): 205 — 217, doi: 10.24180/ijaws. 1255958

Physical and Physiological Properties and Mineral Content of Curly Lettuce Grown by Applying
Different Rates of Biochar to the Soil with Varying Irrigation Water Levels

Degisen Sulama Suyu Seviyeleriyle Topraga Farkli Oranlarda Biyocar Uygulanarak Yetistirilen Kivircik
Marulun Fiziksel ve Fizyolojik Ozellikleri ile Mineral Madde igerigi
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Abstract: The crisis experienced from the water supply causes food production to be adversely affected in the agriculture sector, which is the biggest
consumer of water. The deficit irrigation strategy ensures the continuity of food production as well as using water effectively. However, since the plant
grown in this strategy is exposed to abiotic stress, it experiences significant yield and quality losses. For this reason, it is necessary to develop approaches
to improve yield and quality losses of the plant grown with deficit irrigation. In this study, the physical and physiological properties and mineral content
of curly lettuce (Lactuca sativa L. var. Crispa) grown by applying different rates of biochar to the soil (0%, 1%, 2%, 3%) with varying irrigation water levels
(100%, 67%, 33%) researched. The study determined that decreasing irrigation water level decreased plant height, stem diameter, number of leaves, root
wet and dry weights, plant weight, chlorophyll and leaf relative water contents, stomatal conductivity and N, P, K, Ca, Mg, Na, Fe, Cu, Mn and Zn
contents of curly lettuce, while increasing the membrane damage index, but the physical and physiological properties and mineral content affecting the
yield and quality of curly lettuce improved with increasing biochar rates. In the study, as a result of the emergence of the highest stress factor in irrigation
at 33% level, it was observed that physical and physiological properties and mineral content of curly lettuce were affected at the highest level, and the
dose of biochar, which managed the stress most effectively, was 3%. As a result, considering that biochar has an important potential to improve yield
and quality losses of curly lettuce grown under deficit irrigation conditions, the use of biochar in the deficit irrigation regime were found to be
recommendable.

Keywords: Biochar, curly lettuce, deficit irrigation, irrigation water level, mineral content

&

Oz: Su arzindan yasanan kriz suyun en biiyiik tiiketicisi olan tarim sektdriinde gida iiretiminin olumsuz etkilenmesine neden olmaktadir. Kismtil
sulama stratejisi suyu etkin kullanmanin yan sira gida tiretiminin stirekliligini de saglamaktadir. Ancak bu stratejide yetisen bitki abiyotik strese maruz
kaldig1 igin 6nemli verim ve kalite kayiplar1 yasamaktadir. Bu nedenle kisintili sulamayla yetistirilen bitkinin verim ve kalite kayiplarini iyilestirmeye
yonelik yaklagimlarin gelistirilmesi gerekmektedir. Bu ¢alismada degisen sulama suyu seviyeleriyle (% 100, % 67 ve % 33) topraga farkli oranlarda
biyocar uygulanarak (% 0, % 1, % 2 ve % 3) kivircik marulun (Lactuca sativa L. var. Crispa) fiziksel ve fizyolojik ozellikleri ile mineral madde igerigi
arastirilmistir. Calisma azalan sulama suyu seviyesinin kivircik marulun bitki boyunu, gévde ¢apini, yaprak sayisini, kok yas ve kuru agirliklarim ve
bitki agirhgini, klorofil ve yaprak bagil su igeriklerini, stoma iletkenligini ve N, P, K, Ca, Mg, Na, Fe, Cu, Mn ve Zn igeriklerini azaltirken membran
zararlanma indeksini artirdigini ancak kivircik marulun verim ve kalitesini etkileyen fiziksel ve fizyolojik 6zellikleri ile mineral madde igeriginin artan
biyocar oranlariyla gelisim gosterdigini belirlemistir. Calismada % 33 seviyesinde sulamada en yiiksek stres faktoriiniin ortaya ¢tkmasi sonucunda
kivircik marulun fiziksel ve fizyolojik 6zellikleri ile mineral madde igeriginin en yiiksek seviyede etkilendigi ve stresi en etkili yoneten biyogar dozunun
ise % 3 oraninda gergeklestigi goriilmiistiir. Sonug olarak kisintili sulama kosullarinda yetistirilen kivirckk marulun verim ve kalite kayiplarini
iyilestirmeye yonelik biyocarn &nemli bir potansiyelinin oldugu dikkate alinarak kisintili sulama rejiminde biyocarin kullanimi 6nerilebilir olarak
bulunmustur.
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INTRODUCTION

Agriculture, which is the largest consumer of the world's freshwater use, is struggling to meet its food
needs in the face of increasing population and global warming (Chai et al., 2016). While more food
production is required to meet the demand of the increasing population, the increase in plant water
consumption with the increasing severity of global warming reveals the need for more water. However,
although water has a renewable character, it is actually a limited natural resource. While it is not possible
to increase the amount of freshwater, the increasing population and global warming also lead to a
significant reduction in the amount of existing freshwater resources by polluting them. It is predicted that
the world population will increase by 30% in 2050 year (Godfray et al., 2010), and it is stated that water
resources and agricultural areas should be increased by 53% and 38%, respectively, to meet the food
demand of this increasing population (Mancosu et al., 2015). Currently, 2.5 billion people have problems
accessing water of suitable water quality (Schiermeier, 2014), and it is estimated that more than 20% of the
world's population may face water scarcity in the near future (Girones et al., 2010).

It is certain that the crisis in water supply has affected the agricultural sector on the largest scale. Imbalances
in food production in the agricultural sector, which is affected by insufficient water resources, cause food
security and food crisis risks to accelerate (Kang et al., 2017). For this reason, irrigation in agricultural
production should be managed more effectively and food production should be continued with less water
input. Deficit irrigation, in which less than the amount of water needed by the plant is supplied to the plant,
ensures continuity in production, especially in regions where water resources are insufficient. In addition,
deficit irrigation, which reveals the possibility of opening more areas to irrigation with the amount of water
that is restricted from here, is considered as a food production model that provides significant water
savings in agricultural production (Chai et al., 2014). However, it is inevitable that the cellular and
physiological functions of the plant, which is experiencing water stress, are negatively affected by deficit
irrigation, resulting in a decrease in yield and quality (Chai et al., 2016). For this reason, it is necessary to
make improvements with practical approaches to compensate for the yield and quality losses in plants
grown with the deficit irrigation regime.

The biochar material with a coaly structure, which is formed as a result of the thermal decomposition of
the biomass by pyrolysis at high temperatures under limited oxygen conditions, is a good soil conditioner.
Biochar, an environmentally friendly material, increases the carbon stocks in the soil with its rich organic
carbon content, both regulating soil fertility and saving water by improving the water holding capacity of
the soil (Yang et al., 2020). In addition, the porous structure and spongy nature of the biochar reveal the
effective management of irrigation water by storing more water within it (Ahmad et al., 2014). Biochar
makes important contributions to the improvement of soil fertility by providing nutrients to the soil and
increasing the availability of nutrients (Zhu et al., 2017). Biochar, which increases the surface area of the
soil and improves the cation exchange capacity, supports the improvement of plant yield and quality by
retaining nutrients and water in the soil (Egamberdieva et al., 2017). Plants that face various biotic and
abiotic stresses can overcome these stress conditions more easily with biochar (Semida et al., 2019). All
these superior characteristics of biochar have brought it to the forefront as a practical organic material that
regulates soil water and increases water use efficiency in arid conditions.

Since vegetables are very sensitive to drought stress, they experience significant decreases in yield and
quality under water stress conditions, especially in arid and semi-arid regions. However, this decrease in
yield and quality can be improved by mitigating the water stress experienced with biochar applied to the
soil (Yildirim et al., 2021). To our best knowledge, although there were some studies in the literature
investigating the effectiveness of biochar on the yield and quality of some vegetables grown under water
deficit conditions, no studies were found examining the effects of biochar under drought stress conditions
on curly lettuce, which has an important potential among leafy green vegetables and makes up about half
(252 thousand tons) of the 562 thousand tons of lettuce produced in Turkey (TUIK, 2023). Therefore, this
study focusing on the effects on the physical and physiological properties and mineral content of the plant
when irrigated with varying irrigation water levels of curly lettuce grown in soil treated with biochar at
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different rates, hypothesized that increasing rates of biochar would reduce the adverse effects of curly
lettuce exposed to drought stress.

MATERIAL AND METHOD

The experiment was carried out in a plastic covered greenhouse and during the experiment, daily mean
temperature and humidity were 23+4°C and 48+6%. The experiment, which was created with a completely
randomized design with 3 replications, was carried out by irrigating curly lettuce soil in which biochar was
mixed on the basis of dry weight at 4 different rates [B0: 0% (no biochar), B1: 1%, B2: 2%, B3: 3% biochar]
at 3 varying irrigation levels [I100: irrigation at 100% (full irrigation), 167: 67%, 133: 33% levels]. Thus, the
total number of pots (volume: 4 liters, diameter: 19 c¢cm, height: 18 cm) in the experiment was 36 (3
replications x 4 biochars x 3 irrigation water levels).

Before the experiment, the pH and EC of the soil and biochar were determined by pH meter and conductive
meter (McLean, 1982; Corwin and Rhoades, 1984), while the organic matter and total N content were
determined according to the Walkley-Black and Kjeldahl methods (Nelson and Sommers, 1982; Bremner
and Mulvaney, 1982). According to the soil texture determined by the Bouyoucos hydrometer method (Gee
and Bauder, 1986), pH, EC, organic matter and total N values of the sandy loam soil (sand: 66%, silt: 16%,
clay: 18%) were 7.17, 0.62 dS m', 0.81% and 0.04, respectively. The same values of biochar were 9.65, 4.26
dS m, 56.11% and 1.80%, in the same order. In the experiment, pyrolyzed oak biochar material at 400°C
was used as the biochar material.

The sieved and homogenized biochar was mixed with the sieved air-dried soil and transferred to pots. The
seedlings of the Campania variety of curly lettuce (Lactuca sativa L. var. Crispa) obtained from a commercial
company, planted in two per pot, were diluted in the next period and the experiment was continued with
one seedling in each pot. After planting, the current soil moisture was completed to the field (pot) capacity
by irrigating, and irrigations were continued at three-day intervals until the harvest period. After the
seedlings were planted, the first three irrigations were carried out by weighing the weight of the current
moisture in the control treatment that did not apply biochar [0% (no biochar)] and completing to the pot
capacity according to this determined soil moisture, with full irrigation at the same level for all treatments.
In subsequent irrigations, deficit irrigations were started and irrigations at varying irrigation water levels
[irrigation at 100% (full irrigation), 67%, 33% levels] were continued until the harvest period, taking into
account the weight of the current moisture in the control treatment.

At the end of approximately three month experiment, plant height was determined by measuring with the
help of a ruler. The stem diameter was measured with a digital caliper. The number of leaves was obtained
by counting the leaves of each plant by peeling them off. Root wet weight was determined by weighing the
root sample after cleaning with distilled water, and then the same sample was dried in an oven at 65°C
until it reached a constant weight and thus root dry weight was obtained. Plant weight was determined by
weighing each harvested plant on a scale.

To determine the chlorophyll content, measurements were taken from ten different points of each plant
with the SPAD-502 chlorophyllmeter device and the mean of these measurements was recorded. Leaf
relative water content was calculated according to Smart and Barss (1973) by determining the weights of
fresh leaf samples, leaf samples kept in distilled water for 4 hours and the same leaf samples kept in an
oven at 65°C for 48 hours. Disc samples taken from leaves were kept in ionized water for 24 hours and their
electrical conductivity was measured, and then the same samples were kept in a water bath at 95°C for 20
minutes and their electrical conductivity was measured again, and finally, the membrane damage index by
using these two electrical conductivity values was determined by measuring the electrolyte coming out of
the leaf cells (Jamei et al., 2009). To measure pore activity, stomatal conductivity was measured from five
different points of each plant with the Decagon SC-1 diffusion leaf porometer device (Kiran et al., 2014;
Camoglu and Demirel, 2015).

For the mineral content (N, P, K, Ca, Mg, Na, Fe, Cu, Mn, Zn) of plant samples, the samples were dried and
ground and subjected to wet burning. While the Kjeldahl method was used for the N content of plant
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samples (AOAC, 2005), the other mineral content was obtained by readings with an Inductively Coupled
Plasma spectrophotometer (Kalra, 1997).

SPSS program was used in the statistical evaluation of the obtained data. The significant means of the data
evaluated with the General Linear Model were classified with the Duncan multiple range test at the 5%
probability level.

RESULTS AND DISCUSSION

The physical properties of curly lettuce (plant height, stem diameter, number of leaves, root wet and dry
weight, plant weight) were significantly (p < 0.01) affected by varying irrigation water levels and biochar
treatments at different rates (Table 1). While the physical properties of curly lettuce decreased with
decreasing irrigation water levels, these physical properties improved with increasing rates of biochar
(Figure 1).

The decrease in the physical properties of curly lettuce with the decreasing irrigation water level can be
explained by the decreasing moisture in the soil and the exposure of the plant to drought stress. The
weakening of the plant's nutrient uptake from the soil due to the decrease in soil water storage with deficit
irrigation can be expressed as the reason for lower physical development. The decrease in the mineral
content of curly lettuce under the conditions of decreasing irrigation water level supports this situation
(Figure 3). Lettuce is a plant that is highly dependent on water for its potential to improve its physical
properties and increase its yield (Montenegro et al.,, 2011). There is a linear relationship between the
physical properties affecting the lettuce yield and the water consumption of the lettuce (Karipcin and Satir,
2016). Water stress adversely affects the organs involved in cell functions and photosynthesis, and causes
the plant's physical properties to weaken (Muller et al., 2011). Increasing drought stress reduces the
chlorophyll content of lettuce (Figure 2), which is the reason why the plant displays a lower level of physical
characteristics as a result of decreased metabolic functions (Yazgan et al., 2008). In line with the findings of
this study, the results of different studies also stated that the decreasing irrigation water level reduces the
physical properties of lettuce (Senyigit and Kaplan, 2013; Karipcin and Satir, 2016; Al-Bayati and Sahin,
2018).

The increase in the physical properties of curly lettuce with increasing biochar rates can be explained by
the plant's more effective management of nutrients in the root profile under biochar conditions and the
addition of nutrients to the soil by biochar. The increase in the mineral content of curly lettuce under the
conditions of increasing biochar rates supports this situation (Figure 3). Depending on its porous structure
and surface load holding capacity, biochar improves the nutrient holding capacity of the soil and increases
the physical properties of the plant (Hossain et al., 2020). Biochar makes soil suitable for nutrient mobility
as a nutrient pool and for increasing the bioavailability of nutrients (Gul and Whalen, 2016). The biochar
creates a better environment for soil microorganisms also supports the conversion of nutrients into useful
forms by plants and ensures the improvement of plant yield (Li et al., 2017). The fertilizer characteristic of
biochar as a soil conditioner transforms the soil into an environment where the plant can increase
productivity in terms of macro and micro nutrients (Purakayastha et al., 2019). In addition, biochar may
have kept the soil water in its body for a longer period time and increased the use of soil moisture by the
plant, resulting in the better physical development of the plant. Thanks to its porous structure, hydrophilic
and large surface area, biochar can able to preserve the water in the soil for a longer period of time without
being exposed to evaporation, so biochar uses soil moisture effectively, improves the conditions for plant
growth and increases plant productivity (Razzaghi et al, 2020). The improvement of soil physical
properties of biochar also contributes to more effective management of soil moisture. The decrease in the
bulk density of the soil applied with biochar and the increase in its porosity provide the development of
the soil water reservoir (Laghari et al., 2016). Mandal et al. (2021) reported that the water holding capacity
of biochar treated sandy, loamy and clayey soils increased with the contribution of biochar. All these
favorable conditions of the biochar improved soil provide a better development of the plant and increase
the physical properties of the plant. Sabatino et al. (2020) stated that the improvement of the physical
properties of curly lettuce grown in biochar treated soil is reflected in the yield of curly lettuce.
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Table 1. The variance analysis results.
Cizelge 1. Varyans analizleri sonuclar1.

Source df Mean square F P Mean square F P

Plant height Stem diameter
Irrigation 2 323.531 318.575 0.000 99.194 66.130 0.000
Biochar 3 16.472 16.220 0.000 18.324 12.216 0.000
Interaction 6 1.386 1.365 0.269 0.380 0.523 0.953
Error 24 1.016 1.500

Number of leaves Root wet weight
Irrigation 2 247.861 114.397 0.000 124.059 305.479 0.000
Biochar 3 27.778 12.821 0.000 14.541 35.806 0.000
Interaction 6 0.306 0.141 0.989 0.120 0.297 0.933
Error 24 2167 0.406

Root dry weight Plant weight
Irrigation 2 4751 42.651 0.000 102 747.250 433.889 0.000
Biochar 3 2.501 22.453 0.000 6 424.037 27.128 0.000
Interaction 6 0.008 0.074 0.998 93.843 0.396 0.874
Error 24  0.111 236.806

Chlorophyll Leaf relative water content
Irrigation 2 670.110 420.718 0.000 554.937 478.509 0.000
Biochar 3 30.799 19.337 0.000 63.670 54.901 0.000
Interaction 6 0.367 0.230 0.963 0.425 0.367 0.893
Error 24 1593 1.160

Membrane damage index Stomatal conductivity
Irrigation 2 1149.211 1428577  0.000 7 209.694 118.787 0.000
Biochar 3 28.453 35.370 0.000 1168.769 19.257 0.000
Interaction 6 0.653 0.812 0.571 27.102 0.447 0.840
Error 24 0.804 60.694

N P
Irrigation 2 5.094 268.760 0.000 1.342 108.266 0.000
Biochar 3 1.371 72.351 0.000 0.475 38.340 0.000
Interaction 6 0.009 0.497 0.804 0.004 0.338 0.910
Error 24  0.019 0.012

K Ca
Irrigation 2 3.526 199.763 0.000 1.639 130.950 0.000
Biochar 3 0.339 19.211 0.000 0.243 19.448 0.000
Interaction 6 0.002 0.124 0.992 0.004 0.283 0.939
Error 24  0.018 0.013

Mg Na
Irrigation 2 0.331 224.303 0.000 1.065 128.913 0.000
Biochar 3 0.032 21.661 0.000 0.200 24.258 0.000
Interaction 6 0.000 0.323 0.919 0.002 0.184 0.979
Error 24 0.001 0.008

Fe Cu
Irrigation 2 34 435.845 615.425 0.000 87.879 3193.657  0.000
Biochar 3 7 515.483 130.524 0.000 0.242 8.798 0.000
Interaction 6 155.450 2.700 0.038 0.002 0.074 0.998
Error 24 57.579 0.028

Mn Zn
Irrigation 2 12.593 1707.539 0.000 235.436 357.000 0.000
Biochar 3 0.201 27.250 0.000 23.953 36.321 0.000
Interaction 6 0.005 0.637 0.699 0.648 0.983 0.458
Error 24 0.007 0.659
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Figure 1. Physical properties of curly lettuce in varying irrigation water levels and biochar treatments at different
rates.

Sekil 1. Degisen sulama suyu seviyelerinde ve farkli oranlarda biyokomiir uygulamalarinda kivircik marulun fiziksel ozellikleri.

The physiological properties of curly lettuce (chlorophyll content, leaf relative water content, membrane
damage index, stomatal conductivity) were significantly (p < 0.01) affected by varying irrigation water
levels and biochar treatments at different rates (Table 1). While the chlorophyll content, leaf relative water
content and stomatal conductivity of curly lettuce decreased and the membrane damage index increased
with decreasing irrigation water levels, the chlorophyll content, leaf relative water content and stomatal
conductivity of curly lettuce increased and membrane damage index decreased with increasing rates of
biochar (Figure 2).

The decrease in the chlorophyll content of curly lettuce with the decreasing irrigation water level can be
explained by insufficient soil moisture due to drought conditions. Chlorophyll, which is a clear indicator
of water stress, decreases with the inhibition of chlorophyll functions in increasingly deficit irrigation
conditions (Bauerle et al., 2004). The decrease in the water potential of the leaves of the plant exposed to
drought with the decreasing irrigation water level can be expressed as the reason for the decreased leaf
relative water content under deficit irrigation conditions. Since there is a linear relationship between plant
water consumption and leaf relative water content, increased moisture conditions in the soil explain more
leaf relative water content (Yazdic and Degirmenci, 2018). Insufficient soil moisture causes significant
damage to membrane systems by negatively affecting the membrane structure of the cell (Yildirim et al,,
2022). Increasing drought stress may cause damage to cell membrane systems by decreasing the leaf
relative water content of lettuce (Figure 2) with increasing leaf temperature. In addition, decreasing
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chlorophyll content in arid conditions (Figure 2) may increase the damage to cell membrane systems as a
result of damage to mesophyll cells (Marcinska et al., 2013). Thus, the increase in the membrane damage
index of curly lettuce with the decreasing irrigation water level can be explained in this way. In addition,
drought due to decreasing irrigation water levels also causes a decrease in the stomatal conductivity of the
plant (Oukaltouma et al., 2022). In this study also, it was observed that the stomatal conductivity of curly
lettuce decreased under increasing drought conditions. Similarly, Camoglu et al. (2019) also stated that
increasing deficit irrigation significantly reduced the stomatal conductivity of tomatoes. While decreasing
moisture in the soil decreases the chlorophyll content, the leaf relative water content and the stomatal
conductivity of the plant, it causes an increase in the membrane damage index (Ors and Ekinci, 2015). With
increasing drought stress, the decrease in stomatal conductivity and leaf relative water content, and then
the closure of stomata and the decrease in chlorophyll content and the increase in membrane damage index
as a result of increasing leaf temperature can be listed as the chain effects of decreasing soil moisture on
plant physiology.

The increase in chlorophyll content of curly lettuce with increasing biochar rates can be explained that
biochar increases the plant's nutrient uptake from the soil. The increase in the mineral content of curly
lettuce under increasing biochar rates also supports this situation (Figure 3). While Fe is involved in
chlorophyll formation and protein development (Pushnik et al., 1984), decreasing N weakens chlorophyll
growth since N is a building block of chlorophyll (Bojovi¢ and Markovi¢, 2009). In addition, the presence
of micronutrients in the soil supports the formation of chlorophyll by being carried to the plant leaves, and
this results in an increase in the chlorophyll content of the plant (Bolat and Kara, 2017). Qianqgian et al.
(2022) stated that biochar increased the chlorophyll content of lettuce. Considering the water retention
supporting property of biochar in the soil (Ahmad et al., 2014), the reason for the increase in the leaf relative
water content and the decrease in the membrane damage index of curly lettuce under increasing rates of
biochar can be explained. Cornelissen et al. (2013) stated that improving the water holding capacity of the
soil increases the water storage of the plant, while it was reported as a result of a different study that the
leaf relative water content of the plant increased with this improvement provided by the biochar. Karabay
etal. (2021) stated that the membrane damage index of peas decreased in conditions where increasing doses
of biochar were applied to the soil compared to the control treatment, and they explained this decrease
with the longer protective effect of biochar on soil moisture. In addition, the decrease in the membrane
damage index of curly lettuce with increasing biochar rates can also be explained by the increase in the
protective enzyme activity of biochar. Biochar treatment to the soil prevents the increase of membrane
damage by improving the active oxygen capacity and membrane lipid peroxidation, as well as protective
enzymes such as superoxide dismutase, catalase and guaiacol peroxidase (Lyu et al., 2016). Biochar reduces
the membrane damage index by providing the processing of enzymes that improve the yield of the plant
and increase the defense system (Yildirim et al., 2021). In addition, the effect of biochar on soil moisture
retention also leads to an improvement in the stomatal conductivity of the plant (Tanure et al., 2019). In
this study also, it was observed that the stomatal conductivity of curly lettuce increased with increasing
biochar rates. Biochar manages soil moisture more effectively due to its special surface area and spongy
structure (Ahmad et al. 2014) and increases the plant's use of soil water (Hossain et al., 2020). Thus, the
stomatal conductivity of the plant that uses water more effectively is likely to increase. Similarly, Yildirim
et al. (2021) also stated that the stomatal conductivity of cabbage grown in biochar treated soil increased
and this increase was due to the effect of biochar on soil moisture management and drought reducing effect.

The mineral content of curly lettuce (N, P, K, Ca, Mg, Na, Fe, Cu, Mn, Zn) was significantly (p < 0.01)
affected by varying irrigation water levels and biochar treatments at different rates (Table 1). While the
mineral content of curly lettuce decreased with decreasing irrigation water levels, mineral content other
than Na in curly lettuce increased with increasing rates of biochar, but the increase in Cu was at a lower
level and Na decreased (Figure 3).
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Figure 2. Physiological properties of curly lettuce in varying irrigation water levels and biochar treatments at
different rates.
Sekil 2. Degisen sulama suyu seviyelerinde ve farkli oranlarda biyokomiir uygulamalarinda kivircik marulun fizyolojik
ozellikleri.

The decrease in the mineral content of curly lettuce with the decreasing irrigation water level can be
explained by the limitation of nutrient intake as a result of the plant's limited water intake from the soil
due to insufficient soil moisture. The plant performs less transpiration due to the decrease in soil water
storage with deficit irrigation can be expressed as the reason for the decrease in the mineral content of curly
lettuce in drought conditions. Similarly, Karipcin and Satir (2016) and Demir et al. (2022) also stated that
the mineral content of lettuce decreased under deficit irrigation conditions and that the highest mineral
content was obtained from full irrigation conditions.

The increase in the mineral matter content of curly lettuce with increasing biochar rates can be explained
by the nutrient content of biochar to the soil and the increase of biochar's nutrient uptake by the plant.
Biochar may have supported the plant's uptake of more nutrients from the soil by improving the nutrient
holding capacity of the soil (Hossain et al., 2020) and increasing the nutrient content of the soil with its
content (Purakayastha et al., 2019). Biochar absorbs and preserves soil nutrients, preventing their loss and
increasing their uptake and use by plants (Nguyen et al., 2017). Thus, this situation can be expressed as the
reason for the increase in the mineral content of curly lettuce with increasing rates of biochar. Yildirim et
al. (2021) also stated that the mineral content of the plant increased with increasing rates of biochar due to
the nutrient retaining and soil nutrient content increasing effects of biochar.

High accumulation of Na in the plant causes the plant to be exposed to toxicity by negatively affecting the
osmotic balance of the plant and disrupting the nutrient distribution (Katerji et al., 2004). However, Na
uptake of the plant grown in biochar treated soil is limited due to the increased demand for K, Ca and Mg
from the plant (Chaganti et al., 2015). In particular, the competition between K and Na significantly affects
the nutrient uptake of the plant through the roots. Biochar is an organic material that not only minimizes
Na uptake by improving the K stock of the soil and increasing the K uptake of the plant, but also regulates
the uptake of K and other nutrients from the soil (Akhtar et al., 2015). Thus, this situation explains the
decrease in Na content of curly lettuce with increasing biochar rates. Similarly, Yue et al. (2016) also stated
that biochar treatment increased the mineral matter uptake of the plant by reducing the Na uptake of the
plant.

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

212



Physical and Physiological Properties and Mineral Content of Curly Lettuce Grown by Applying Different Rates of Biochar to the Soil with
Varying Irrigation Water Levels

40 - 14 -

3.5 1 1,2 4

;(5) 1,0 DC
o7 50,8 4 B

=20 2\506 A
Z1,5- z

1,0 - 0.4 1

N1

0,0 0,0 ﬂ
S|l—= || S|IS]|—|N|n| = Q=0 S| [—||] S|S]|—|N|m]| E|S]|— ||
a|m|x|m gmlm|m‘m‘g§ mmm‘m|gmm|m|m‘gm|m‘m{m|g:nr:amm

= = = = >
1100 167 1100 167 133 Mean

1.8 - 300 -

1.6 = i A

1.4 0 B
12 22009 D¢
sLb 20150
08 E

0.6 - 2 100 1

0,4 - 50 -

02 4 e C|

0,0 0
(= Rl ] K32) =1 =1 Rl k5] Ksn] BB = [l Rl 0] Ksn] =1 E=1 Ranl L] K32] =1 E=0 Band L35 ] Ksn] =1 K= Bl ko] Ksn)
a|m|x|m| §|2|(n|z|a| § mmmmgm‘m‘mmﬁmmmmgmmmm

= = = = =
1100 167 1100 167 133 Mean
25 - 9 -
_ 8 dm MMM
2,0 - i
cBA =] C BCABA
/-\15_ D ;Pduﬁ'
B w2 ]
21,0 - E 41
331
0,5 - 2 1
].

0,0 0
(=] Bl IS0 Ean] =1 =2 Bl L8] Es2] =1 k=1 Bl [9:] Ksa] =1 =31 Rl L9\ ] Kan) (=1 Bl k01 Ean] B = — e f=l Fanl Rk LU0 Ksal =1 =3 Eand k58] K]
Alm|m|m| §l2|a|m|m| §|@|a|m|a| §|2|xn|xa|xa B|x(m|m ggm’m‘m’m‘gm‘m’m‘m’gmmmm

= = = = = =
1100 167 133 Mean 1100 167 133 Mean
2.5 4 35 -
3.0 - [
2,0 ;
DCBA 25 1 pcB2

= 1.5 1 Y] 1
S o 20
S 1,0 A E1s A

[=]

S 1,0 4
0.5 -

0,5 -

0,0 0,0
O—Nm:o—Nfﬂgc—ngc—Nm O~Nm=o—mmgo—mm=o—mm
S E I B R B G E B R R R E S Y I B EE R EE G R B E B R

= = = = = =
1100 167 133 Mean 1100 167 133 Mean

0,7 7 25 -

0,6 A BA 20 A A
A0,5‘ C ~~ CB
£04 - 215 - D

=11)
2103 A E10 A

0,2 ﬁ

il 5

0,0 0
D—'Nr"ll:o—‘r\l :O—'Nr":CO—'NM (=) Bl [ ] Ksal =1 k=1 E==d kS 1 Ksa] B =1 k=1 K==l K 1 Ksnl =1 =1 k==l K5 ] Kaa)
m|m1m‘m‘gmmmmgmmmmgmmmm mmmmgmm‘mmgmmmmgmmmm

= = = = = =
1100 167 133 Mean 1100 167 133 Mean

Figure 3. Mineral content of curly lettuce in varying irrigation water levels and biochar treatments at different rates.
Sekil 3. Degisen sulama suyu seviyelerinde ve farkli oranlarda biyokémiir uygulamalarinda kivircik marulun mineral madde
icerigi.
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CONCLUSION

This study, which examines the effects of irrigation with varying irrigation water levels of curly lettuce
grown in soil treated with biochar at different rates on the physical and physiological properties and
mineral content of the plant, determined that decreasing irrigation water level negatively affected the
physical and physiological properties and mineral content of curly lettuce, but these negative effects that
affect the yield and quality of curly lettuce improved with increasing biochar rates. In the study, the highest
abiotic stress was obtained in the irrigation of curly lettuce at 33% level and the dose of biochar, which
manages the stress most effectively, was 3%. As a result, considering the decrease in freshwater resources
and the increase in drought in today's conditions, it was found that it can be suggested to use biochar to
improve the physical and physiological properties and mineral content of curly lettuce irrigated with deficit
irrigation, and to focus on integrated managements to improve yield in the deficit irrigation strategy for
future studies.
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Rainwater Harvesting and System Design in Livestock Farms
Hayvancilik Isletmelerinde Yagmur Suyu Hasad1 ve Sistem Tasarimi
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Abstract: The most critical threat that global warming poses is undoubtedly water scarcity. Especially in the agricultural sector, water is an indispensable
component. Therefore, it is essential to develop alternative water resources and methods against water scarcity that threatens our future. In this study,
rainwater harvesting potentials on the roofs of livestock barns were determined, and system designs were made. The study was carried out at Bursa
Uludag University Faculty of Veterinary Medicine Animal Health and Animal Production, Research and Application Center. According to the study
results, the most rainwater was harvested in December, and the least was harvested in August. While the required water requirement in the examined
poultry farms can be supplied at 71.5% in December, 13.3% can be completed in August. In the sheep farms, 90.4% of the need can be supplied with
216.9 m® of water collected in December, while water can be transferred to other months. While it is possible to supply 57.4% of the cattle in the winter
months, this rate drops to 16.4% in the summer months. In dairy cattle farms, on the other hand, while the need can be supplied in winter with rainwater
harvesting, the requirement can be supplied by storing the existing water and transferring it to different periods. Rainwater harvesting systems designed
for livestock farms can pay for themselves in 7 years at the latest.

Keywords: Bursa, depreciation period, livestock, storage design, rainwater

&

Oz: Kiiresel ismmanin diinyamizda olusturdugu en 6nemli tehdit siiphesiz ki su kithgidir. Ozellikle tarim sektoriinde su vazgecilemez bir
bilesendir. Bundan dolay1 gelecegimizi tehdit altina alan su kithgna kars: alternatif su kaynaklari ve yontemleri gelistirmek ¢ok dnemlidir. Bu
¢alismada, hayvan barinaklarinin catilarindan yagmur suyu hasadi potansiyelleri belirlenmis ve sistem tasarimlari yapilmistir. Calisma Bursa
Uludag Universitesi Veterinerlik Fakiiltesi Hayvan Saghgi ve Hayvansal Uretim, Aragtirma ve Uygulama Merkezinde yiiriitiilmiistiir. Calisma
sonucuna gore, isletmelerin genelinde Aralik ayinda en fazla, Agustos ayinda ise en az yagmur suyu hasadi yapilmistir. incelenen kiimes
isletmelerinde Aralik ayinda gerekli su ihtiyact %71.5 oraninda karsilanabiliyorken, Agustos aymnda %13.3’ii karsilanabilmektedir. Koyun
isletmesinde ise Aralik ayinda toplanan 216.9 m® su ile ihtiyacin %90.4'ii kargilanabiliyorken diger aylara da su transferi yapilabilmektedir. Besi
sigir1 isletmesinde kis aylarinda %57.4'{inii kargilamak miimkiin iken yaz aylarinda bu oran %16.4’e kadar diismektedir. Siit sigir1 isletmelerinde
ise yagmur suyu hasadi ile kis aylarinda ihtiyacin tamamu karsilanabilirken var olan suyun depolanarak diger donemlere de aktarilmasiyla ihtiyaci
giderebilmektedir. Isletmeler igin tasarlanan yagmur suyu hasadu sistemleri ise en geg 7 yilda kendini amorti edebilmektedir.
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INTRODUCTION

In recent years, global warming's severity has increased considerably and seriously threatens our future.
It is seen that this situation increases the need for water in factors such as increasing population,
industrialization, and food supply, but it gradually decreases the power to provide it. Water is the most
essential need for living things to survive. It constitutes 2/3 of the human body and is vital for physical and
psychological health. Although the human body can survive for a long time without food, it can only
survive 3-5 days without water (Akin and Akin, 2005). The importance of water for people is not only a
necessity for their health, but it is also vital for them to continue their lives in daily life. Although water is
used in many different areas such as cleaning, food, textile, and energy production in daily life, besides
industry, the most consumer of water in our country is the agriculture sector, with a rate of 70% (Aydin,
2019).

While water is essential for all living things, it also has particular importance for animals. The hardness,
quality, and amount of water to be used in the care of animals must be in the appropriate ratio. In addition,
the animal's environmental conditions and physical and physiological characteristics should be considered
in water consumption. In cases where the animals are not given water of sufficient quality and quantity, it
causes them to become ill, reduces their feed consumption, and decreases the yield. For this reason,
inadequate water and faulty methods cause health problems in animals, and they also cause economic
damage to the enterprise.

Only 3.5% of the total water in the world is usable. The fact that resources are depleted or become unusable
daily poses a severe threat to the next generation. The increasing human population, damages caused by
domestic and industrial wastes in existing water resources, and current political and environmental
problems cause rapid depletion and pollution of water resources. One of the methods that can be applied
to prevent water shortages and water scarcity problems that may occur in the future is to reuse the used,
dirty water by treating it. However, this creates very high costs. Because of this situation, it becomes
necessary to turn to alternative water recovery methods.

Rainwater harvesting as an alternative water recovery method has become more important recently. While
only 30% of the precipitation in the world is mixed with groundwater, the remaining significant amount of
rainfall cannot be used and is lost. Thanks to the rainwater harvesting method applied in buildings, a
significant amount of lost rainwater can be stored. The stored water can be used as drinking water and
using water in houses and operations and water savings can be achieved. To obtain maximum efficiency
from rainwater harvesting, it is necessary to pay attention to the precipitation characteristics of the place
where the system will be installed, how much water the system can provide, and the initial costs (Ustiin et
al., 2020). At the same time, the warehouse selection should be made according to the seasonal precipitation
scale of the region where the system will be installed. It should have the capacity to store rainwater during
the periods when the precipitation is the highest, and it should be able to be used during periods when the
rainfall is low (Cayli, 2021).

This study determined the rainwater harvesting capacity of the livestock farms in Bursa Uludag University
Faculty of Veterinary Medicine, Animal Health and Animal Production, Research and Application Center,
and the system design was created. The payback period of this system and the possible water savings are
evaluated.

MATERIAL AND METHOD

Study Area

The study was carried out at Bursa Uludag University Faculty of Veterinary Medicine Animal Health and
Animal Production, Research and Application Center. The study aims to determine the amount of water
that can be saved by selecting the ratio of the water obtained by rainwater harvesting method in the beef
cattle, dairy cattle, sheep barn, and poultry roofs in the application center to supply the water needed in
the livestock farms. Since the livestock farms examined in the study are far from each other, all the farms
were evaluated, and a separate calculation and design were carried out for each.
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Figure 1. Top view of the research center where the study was conducted.
Sekil 1. Calismanin yiiriitiildiigii arastirma merkezinin iist goriiniigii.

The dimensions of the barns examined in the study were obtained by visiting the farms and making
measurements in the barns with the help of a laser meter (Extech DT300, USA) (Figure 2). In the dimensions,
the areas of the roofs were calculated by measuring the barns' length, width, and ridge height. The
calculated roof areas are 3359 m?, 1145 m?, 1336 m? and 2720 m? for poultry, sheep, beef, and dairy cattle
processing, respectively. Since five houses belong to the poultry farm, the maximum roof area is calculated
for the poultry farm. The sheep barn is the farm with the smallest roof area.

Figure 2. Extech DT300 Laser meter.
Sekil 2. Extech DT300 Lazermetre.

Rainwater Harvest Calculation

In the study, Equation (1) was used for rainwater harvest calculations of livestock farms (TEMA, 2017; Yalili
Kili¢ and Abus, 2018; Temizkan and Kayili, 2021; Cakar, 2022).

Rainwater Harvest=AxPxRCxFEC (1)

A: Roof area of buildings to be harvested (m?)
P: Precipitation (L m-)

RC: It is the roof coefficient that indicates that all precipitation reaching the roof cannot be reused. It is the
coefficient specified by German standards as 0.8 in DIN1989.

FEC: It is the efficiency coefficient of the first filter passed to separate the rainwater collected from the roof
from the visible solids. It is a coefficient given by calculating that not all water can pass through here. It is
specified as 0.9 in DIN1989.
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Monthly precipitation amounts (P) for Bursa were obtained from the official website of the General
Directorate of Meteorology (MGM, 2021). Rainfall averages of the last thirty years of precipitation are taken
into account.

In the study, the amount of water that can be harvested with the rainwater harvesting system to be installed
on the roofs of the barns was compared with the water requirement of the enterprise. The daily drinking
and potable water needs of livestock are given in Table 1 (Chapagain and Hoekstra, 2003). According to
the rate of meeting the water requirement, the financial gain and water savings provided by the system
were calculated using the Bursa Metropolitan Municipality's water charge tariff. Appropriate rain
harvesting system designs were made for the livestock enterprises examined in the study.

Table 1. Daily water consumption required for livestock.
Cizelge 1. Hayvanlar icin gerekli giinliik su tiiketimleri.

Livestock Drinking water consumption of livestock Amount of water used for livestock
(liter head' day™) (liter head' day™)

Beef cattle 38 11
Calf (5-23) 14 0
Dairy cattle 70 22
Goat 3.79 5
Sheep 7.57 5

Poultry 0.3 0.15*

* It is half of the daily water consumption requirement of chickens.

RESULTS AND DISCUSSION

Water Consumption in Livestock Farms

According to the species of animals, their need for water and their sensitivity may differ. Cows' body
consists of 56% water; they need 3-4 liters of water to produce 1 liter of milk. Therefore, water consumption
in cows is high. Otherwise, lack of water in cows causes health and mental problems such as decreased
feed consumption, reduced productivity, and more nervous behavior of livestock (Goncii et al., 2008).
Poultry, on the other hand, consists of 70% of their body water, and they consume twice as much water as
the feed they consume. Water facilitates the digestion of poultry, the work of their joints, and their blood
circulation (Anonymous, 2019). In addition to using drinking water in animal breeding, domestic water for
animal care and the barn constitute an essential part of water consumption. The livestock's daily total water
consumption needs are given in Table 2, considering the number of farm animals and the everyday
drinking and domestic water needs of the livestock.

Table 2. Daily water consumption of the livestock in the monitored farms.
Cizelge 2. Incelenen isletmelerdeki hayvanlarmn giinliik su tiiketimi.

Daily Consumption of

Livestock Daily Drinking Water Water Used for Total Wat.er
. Co'nsumptlon Animals Co.nsumptlon
Species Number (liter day™) (liter day-1) (liter day!)
Beef cattle 100 3800 1100 4900
Calf 12 168 0 168
Dairy cattle 52 3640 1144 4784
Goat 65 246.35 325 571.35
Sheep 125 946.25 625 1571.25
Poultry 25000 7500 3750 11250
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Rainwater Harvest Amount of Monitored Farms

There are five poultry hens, three beef and dairy cattle barns and three sheep barns in the farm yard where
the study was carried out. In the study, calculations related to rainwater harvesting of the roof areas of all
barns were made.

There are 25 thousand chickens in total, 5000 in each of the five chicken coops in the farm. Since each house
has a large roof area, there is the potential to harvest a significant amount of water from five house roofs.
The highest amount of water gathered in the henhouses was calculated as 241.3 m?3 in December when the
rainfall was the most, while the lowest water harvest was realized with 44.9 m? in August when the rain
was the least (Table 3).

There are three barns in the sheep farm where rainwater harvesting can be done. According to the rainwater
harvest calculation made in the barns, the highest water harvest will be realized in December with 82.2 m3,
and the minor water harvest will be recognised in August with 15.3 m3 (Table 3).

Rainwater harvesting is planned in seven barns on the dairy cattle farm. Due to the high number of
buildings in the enterprise and the data obtained from the General Directorate of Meteorology, a high
amount of rainwater can be collected in the Bursa region due to the high average precipitation in winter.
While the most water is collected in December, with 195.4 m3, the least is collected, with 30.4 m3 in summer
(Table 4).

Table 3. Amount of water to be collected monthly and seasonally in poultry houses and sheep farms.
Cizelge 3. Tavuk ve koyun igletmelerinde aylik ve mevsimsel toplanacak su miktarlari.

Poultry Sheep Poultry Sheep
Amount of Amount of Seasons Amount of Amount of
Months rainwater collected  rainwater collected rainwater collected rainwater collected
on the roof (m?%) on the roof (m?) on the roof (m?) on the roof (m?)
December 241.3 82.2
January 212.3 72.3 636.9 216.9
February 183.3 62.4 Winter
March 168.3 57.3
April 149.7 51 441.5 150.4
May 123,5 42.1 Spring
June 83.1 28.3
July 53.9 18.3 181.9 61.9
August 44.9 15.3 Summer
September 106.6 36.3
October 161.3 54.9 Autumn 453.1 154.3
November 185.2 63.1

Due to the high number of chickens in the poultry houses, monthly water consumption is high (337.5 m3).
However, since the amount of harvested water is high, most needs can be supplied, especially in winter.
While 71.5% of the required water need can be supplied with the rainwater harvested in December, 13.3%
of the necessary condition can be provided in August, when the little water is collected (Table 5-6).

The monthly water requirement for the animals in the sheep farm is 64.4 m3. More water can be harvested
than the amount of water needed, especially in winter. While the required water need can be supplied with
216.9 m? in winter, water transfer can be provided in the following months. Thus, even though water is
harvested much lower than the need in the spring months, 90.4% of the total market can be supplied. In
summer, there is a potential to supply 32% of the required need (Table 5-6).
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Table 4. Amounts of water to be collected monthly and seasonally in dairy cattle and beef cattle farms.
Cizelge 4. Siit sig1r1 ve besi sigir1 isletmelerinde aylik ve mevsimsel toplanacak su miktarlari.

Dairy Cattle Beef Cattle Dairy Cattle Beef Cattle
Amount of Amount of Amount of Amount of
Months rainwater rainwater Seasons rainwater rainwater
collected on the collected on the collected on the collected on the
roof (m?) roof (m?) roof (m3) roof (m?)
December 195.4 96
January 171.9 84.5 515.8 253.4
February 148.4 72.9 Winter
March 136.3 66.9
April 121.2 59.5 357.6 175.5
May 100 49.1 Spring
June 67.3 331
July 36.4 21.4 134.1 72.4
August 30.4 17.9 Summer
September 72 42.4
October 109 64.2 Autumn 306.2 180.3
November 125.2 73.7

The average water requirement for the animals in the beef cattle farm is 147 m? per month. The water
consumption in beef cattle is high. However, less water can be harvested due to the small number of barns
with closed areas on the farm and the small roof areas of the closed barns. For this reason, while it is possible
to supply 57.4% of the average water need in winter, this rate drops to 16.4% in summer (Table 5-6).

Table 5. The rate of supplying the monthly water needs of the livestock farms with rainwater harvesting.
Cizelge 5. Isletmelerde aylik su ihtiyaclarinin yagmur suyu hasad ile karsilanma oran.

Poultry Sheep Beef cattle Dairy cattle
Amount Amount Amount Amount
Months rainwater Absorption rainwater Absorption rainwater Absorption rainwater ~ Absorption
collected rate (%) collected rate (%) collected rate (%) collected rate (%)
(m?) (m?) (m?) (m?)
December 241.3 71.5 82.2 100 96 65.3 195.4 100
January 212.3 62.9 72.3 100 84.5 57.5 171.9 100
February 183.3 54.3 62.4 100 72.9 49.6 148.4 100
March 168.3 49.8 57.3 100 66.9 455 136.3 100
April 149.7 443 51 100 59.5 40.5 121.2 100
May 123.5 36.5 421 72 49.1 334 100 88
June 83.1 24.6 28.3 44 33.1 22.5 67.3 45.3
July 53.9 15.9 18.3 28.5 21.4 15.6 36.4 24.5
August 449 13.3 15.3 23.8 17.9 12.2 304 20.5
September 106.6 31.5 36.3 56.5 424 28.9 72 48.5
October 161.3 47.8 54.9 85.4 64.2 43.7 109 73.4
November 185.2 54.9 63.1 98.1 73.7 50.1 125.2 84.3

In dairy cattle farms the monthly average water requirement is 147.5 m? and the seasonal average is 445.5
m?3. The fact that there are many closed barns in the farm ensures a high rate of water harvesting. This
situation can supply all the average water needs in the spring months due to providing all the requirements
for the operation in the winter months and transferring the excess water to be stored in the following
months. The water harvest to be carried out on the farm is very important in terms of cost and in terms of
providing water savings (Table 5-6).

—

Uluslararas: Tarim ve Yaban Hayat Bilimleri https://dergipark.org.tr/tr/pub/ijaws
223


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

Rainwater Harvesting and System Design in Livestock Farms

Table 6. Rates of supplying seasonal water needs with rainwater harvesting in farms.
Cizelge 6. Isletmelerde mevsimsel su ihtiyaclarinm yagmur suyu hasadi ile kargilanma orani.

Poultry Sheep Beef cattle Dairy cattle
Amount Amount Amount Amount
Seasons rainwater Absorption rainwater Absorption rainwater Absorption rainwater Absorption
collected rate (%) collected rate (%) collected rate (%) collected rate (%)
(m3) (m?) (m3) (m3)
Winter 636.9 62.9 216.9 100 253.4 57.4 515.7 100
Spring 441.5 43.6 150.4 90.4 1755 36.8 357.6 96
Summer 181.9 17.9 61.9 32 724 16.4 134.1 30
Autumn 453.1 44.7 154.3 80 180.3 40.9 306.2 68.7

Design of Rainwater Harvesting System in Monitored Livestock Farms

A rainwater collection system has been designed for the farms examined to save both water and the
economy at the maximum level and to collect and benefit from the precipitation falling in the region at the
top level.

The galvanized steel water tank with a total capacity of 250 tons supplies the amount of rain in the poultry
farm examined in the study (Figure 3). In case of more precipitation than expected in the water tank used
in the system or claim of a systemic problem, two discharge pipes from the pipeline and the tank are added
to the system to drain the excess water. In the system, it is planned that the rainwater collection line will
pass above the ground surface, and the tanks will be buried under the surface. The preference for
underground buried tanks was planned as underground storage systems due to the advantages such as
space-saving, water can be filled into the tank by its gravity, the possibility of mossiness is reduced due to
low light transmittance, maintenance is easy, and the case of damage is lower.

S “ ' Y ~

Rainwater

Collection

Line

2.7
Ground o _—‘:T
Level - =W
Filter System DrainPipe

Figure 3. Rainwater harvesting system design of poultry houses.
Sekil 3. Tavuk isletmesi yagmur suyu hasad: sistem tasartmi.

It is planned to use a galvanized steel water tank with a capacity of 85 tons for the systematic design to
supply the amount of rain that will fall in the examined sheep farm. The system design is given in Figure
4.
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Figure 4. Sheep farm rainwater harvest design.
Sekil 4. Koyun isletmesi yagmur hasad: tasarima.

Considering the amount of water that can be harvested in the farm, the cost, and the required water
requirement while designing the rainwater harvesting system and choosing the tank for the beef cattle
farms, the use of a galvanized steel water tank with a capacity of 100 tons in both farms supplies they need
(Figure 5).

x I oy o Rainwater
,-:"i, Collection Line
Ground g [l R | I -
Level
| —————————————
Filter System
Drain Pipe

Figure 5. Beef cattle farm rainwater harvest design.
Sekil 5. Besi sig1r1 isletmesi yagmur hasadi tasarima.

The dairy cattle farm decided to use a galvanized steel water tank with a total capacity of 200 tons due to
the high potential of water to be harvested (Figure 6).

—_—
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Figure 6. Dairy farm rainwater harvest design.
Sekil 6. Siit sigir1 isletmesi yagmur hasadi tasarim.
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The costs of the material list required for installing the rainwater harvesting system in the farms are given
in Table 7 in detail.

Table 7. List of materials required for the installation of rainwater harvesting system in farms.
Cizelge 7. Isletmelerde yagmur suyu hasad sisteminin kurulumu icin gerekli malzeme listesi.

1 2 3 4 5 6 7
Galvanized steel Transport and . Three
. . . . . Pipe 119 . . .
Material warehouse with a installation T Pipe bend pi Filter directional
en ipe
Poultry volume of 250 tons costs P Valve
houses -
Piece 1 1 9 2 150 m 1 1
Price 142500 b 71485 b 360 b 505 2443 b 18450 b 2500 b
Galvanized steel Transport and . Three
. . . . . Pipe 119 . . .
Material warehouse with a installation T Pipe . Filter directional
Sh bend Pipe
eep volume of 85 tons costs Valve
farms Piece 1 1 4 2 75 m 1 1
Price 48450 b 24250 b 160 b 50b  1221.5H  9340b 2500 b
Galvanized steel Transport and . Three
. . . X . Pipe 119 . . .
Material warehouse with a installation T Pipe . Filter directional
Cattle bend Pipe
volume of 100 tons costs Valve
farms Piece 1 1 5 3 75m 1 1
Price 57000 b 28500 b 200 b 75b 122150 9340 b 2500 b
. Transport and . Three
. 200 tons galvanized ) . . Pipe 119 . o
. Material installation T Pipe . Filter directional
Dairy steel warehouse bend Pipe
costs Valve
cattle
farms Piece 1 1 10 8 120 m 1 1
Price 114000 b 57000 b 400b  200b  19544b 18450 b 2500 b

Savings Rate with Rainwater Harvesting

With the application of the rainwater harvesting system in the henhouses, an economic saving of 5047.6 TL
was achieved in December, when the most water harvest was carried out, and 939.2 TL in August, when
the minor water harvest was performed (Table 8). Due to the many buildings and the large roof areas, the
chicken farm has the highest annual water harvest, with a total of 636.9 m? and the most financial savings,
with a yearly average of 37 846 TL.

—_————
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Table 8. Monthly and annual profit rates (TL) obtained by rainwater harvesting systems in the monitored farms.
Cizelge 8. Incelenen isletmelerde yagmur suyu hasad sistemi ile elde edilen aylik ve yillik kar oranlart (TL).

Month Poultry Sheep Dairy cattle Beef cattle
December 5047.6 1350 3334.1 2007.9
January 4441 1350 3334.1 1767.5
February 3834 1350 3334.1 1524.8
March 3525.7 1350 3334.1 1399.3
April 3131.5 1350 3334.1 1244
May 2583.4 974.8 2956.7 1027
June 1738 592 1630.4 692.3
July 1127.5 382 14229 447
August 939.2 320 858.5 374.3
September 2229.9 759 1728.5 886
October 3374.1 1153 2502.6 1342.9
November 3874 1319.7 2841.4 1541.5
Total Profit 37846 12250.5 30611.5 14254.5

While the absolute average water requirement for the livestock can be supplied for five months with the
rainwater system in the sheep farm, a monthly average of 1350 TL is saved (Table 8). Even though most of
the year's water needs are supplied on the farm, lower financial gain is achieved compared to other farms

due to the low amount of water used and harvested. The average annual income in the sheep farm is
12250.5 TL.

In the beef cattle farms, the highest savings were achieved with 2007.9 TL in December, while 374.3 TL was
saved in August (Table 8). The average annual income is 14254.5 TL.

In dairy cattle farms, on the other hand, 3334.1 TL savings were achieved in the months when the need
was fully supplied, while 374.3 TL savings were provided in August when the least amount of water was
harvested (Table 8). In total, an average of 30611.5 TL is saved throughout the year.

With the implementation of the rainwater harvesting system in all farms located in the Animal Health and
Animal Production, Research and Application Center of Bursa Uludag University Faculty of Veterinary
Medicine, an annual average of 94962.5 TL financial savings is achieved. When a general evaluation is
made, the system can amortize itself in 7 years at the latest (Table 9).

Table 9. Cost of rainwater harvesting system and payback period of the system.
Cizelge 9. Yagmur suyu hasadi sisteminin maliyeti ve sistemin amorti siiresi.

Poultry Sheep Dairy cattle Beef cattle
System Cost (b) 237788 85971.5 98839 197000
Annual Earnings (b) 37846 12250.5 14254.5 30611.5
Depreciation Period (years) 6.2 7 6.9 6.4

Yalili Kili¢ and Abus, (2018) carried out a rainwater system design for a house with a garden in their study.
The study planned to use a 14.5 m? tank for gardening and other works, and 47% of the total water need
was met by saving 102 m? of water annually. Thus, an average of 335 TL was held annually.

Temizkan and Kayil1 (2021), in their study, planned to provide some of the university's landscape irrigation
needs by using the rainwater harvesting system, making use of the roof of the Karabiik University Social
Life Center. They calculated the cost of four different storage options for harvesting the water. As a result
of the study, they stated that 2 766 m? and 4% of the total water needed for rainwater harvesting and
landscape irrigation were supplied and they provided an annual average of 11 644 TL financial savings.

CONCLUSION

As a result of the study carried out in the sheep, poultry, beef, and dairy cattle farms in the Animal Health
and Animal Production, Research and Application Center of Bursa Uludag University Faculty of
Veterinary Medicine, the roof areas of the buildings where rainwater harvesting is planned and the average
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precipitation for Bursa province, using the average precipitation information the total rainwater to be
stored amount has been calculated. As a result of the calculation, it has been seen that the water needs of
the sheep and dairy cattle farms are supplied in the other months of the year, except for the summer months
when the average water requirement is completed in the winter months when the precipitation is deficient.
On the other hand, although the water harvest in the beef cattle farm is not at a high level the amount of
water needed is not high because the number of animals is not very high, and most of the need can be
supplied. The result of the study shows that the monitored livestock farms save half of their annual average
water costs and save a significant amount of water. It has been revealed that the most savings in all farms
can be realized in December, which has the highest precipitation. Considering that the world's water
scarcity is increasing daily and the importance of water is increasing, it is seen that the amount of savings
will contribute to the benefit of people and the environment.
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Kuru ve Sulu Kosullarda Baz1 Aspir (Carthamus tinctorius L.) Cesitlerinin Yag Asidi

Kompozisyonlarinin Belirlenmesi*

Determination of Fatty Acid Compositions of Some Safflower (Carthamus tinctorius L.) Cultivars in
Dry and Wet Conditions
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Oz: Bu aragtirma, baz1 aspir gesitlerinin sulu ve kuru kosullarda yag asidi kompozisyonunu belirlemek amactyla 2019-2020, 2020-2021 yillar1 yetistirme
sezonlarinda yiiriitiilmiigtiir. Calisma, Harran Universitesi Ziraat Fakiiltesi Tarla Bitkileri Boliimii deneme alaninda tesadiif bloklarinda bliinmiis
parseller deneme desenine gore {ig tekerriirlii olarak kurulmustur. Arastirmada, ana parselleri sulu-kuru, alt parselleri ise gesitler (Goktiirk, Kog, Dinger,
Safir ve Balc1) olusturmustur. Calisma sonucunda, doymus ve doymamis yag asitlerinden miristik asit (c14:0), palmitik asit (c16:0), palmitoleik asit
(c16:1), stearik asit (c18:0), oleik asit (c18:1), linoleik asit (c18:2) ve arasidik asit (c20:0) oranlar1 (%) olarak saptanmistir. Calisma sonucunda, sulama
yapilan gesitlerden kuru sartlarda yetistirilen gesitlere gore linoleik asit (c18:2) ve palmitik asit (c16:0) oranin daha fazla oldugu, ayrica ¢alismanin ikinci
yilinda linoleik asid’in birinci yila gore daha fazla yag asidi olusturdugu saptanmigtir. Calismanin ikinci yilinda doymamis yag asidi toplam orani
(linoleik asit c18:2 + oleik asit c18:1) birinci yila gore daha yiiksek bulunmustur. Sonug olarak, yagh bitkilerin yetistirilmesinde, en 6nemli unsurlardan
birisi olan yag asitleri kompozisyonunun bilinmesi yagin kalite ve standardinin belirlenmesine gore tiretim yapilmasi uygun olacaktir.

&

Abstract: This research was carried out to determine the fatty acid composition of some safflower cultivars in wet and dry conditions in the growing
seasons of 2019-2020, 2020-2021. The study was established in the experimental area of Harran University Faculty of Agriculture, Field Crops, in
randomized blocks, in a split trial design with three replications. In the research, the main plots were wet-dry, and the sub-plots were varieties (Goktiirk,
Kog, Dinger, Safir and Balci). As a result of the study, myristic acid (c14:0), palmitic acid (c16:0), palmitoleic acid (c16:1) stearic acid (c18:0), oleic acid
(c18:1), linoleic acid ( ¢18:2) and arachidic acid (c20:0) ratios were determined. As a result of the study, it was determined that the linoleic acid (c18:2) and
palmitic acid (c16:0) ratios were higher in the irrigated varieties than the varieties grown in dry conditions, and in the second year of the study, linoleic
acid formed more fatty acids than in the first year. In the second year of the study, the total ratio of unsaturated fatty acids (linoleic acid c18:2 + oleic acid
c18:1) was found to be higher than in the first year. As a result, it would be appropriate to know the composition of fatty acids, which is one of the most
important elements in the cultivation of oily plants, and to produce according to the determination of the quality and standard of the oil.
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Kis doneminde yetistirilebilen dnemli yag bitkilerden biri olan aspir (Carthamus tinctorius L.) tek yillik bir
bitkidir (Eslam vd., 2010; Giirsoy vd., 2018). Aspir bitkisinin biitiin kisimlar1 Hindistan ve Pakistan gibi
iilkelerde degisik hastaliklarin tedavisinde yaygin olarak kullanilmaktadir (Nimbkar, 2002; Han vd., 2009).
Cicekleri gida, kozmetik, boya ve ilag gibi farkli endiistriyel alanlarda degerlendirilmektedir (Dajue ve
Mundel, 1996; Abd El-Mohsen ve Mahmoud, 2013).

Diinyadaki aspir ekilis alan1 816 bin ha, tiretim miktar1 653 bin ton, verimi ise 800 kg ha’dir. Kazakistan,
Rusya, ABD, Meksika, Tiirkiye ve Hindistan gibi iilkeler diinyanin en Snemli aspir {ireticileri olarak
bilinmektedir. Bu {ilkeler diinyadaki aspir iiretiminin %95’i kadarim karsilamaktadirlar (FAO, 2022). Bu
bitkinin Tiirkiye’deki ekilis alan1 14.59 bin ha olup tiretim miktar1 16.20 bin ton, verimi ise 1.110 kg ha™dir
(TUIK, 2022).

Aspir tohumlarinda %13-46 arasinda yag bulunmakta (Dogan, 2021; Beyyavas ve Haliloglu, 2021), bu yagin
yaklasik %901 doymamais yag asitlerinden (oleik ve linoleik asit) olusmaktadir (Johnson vd., 1993; Belgin
vd., 2007). Ayrica antioksidan etkisi ve E vitamini degeri yiiksek olan tokoferoller bulunmaktadir
(Matthaus vd., 2015). Yiiksek linoleik igerigine sahip aspir yag1 viicuttaki yag1 ve iltihab1 azaltmak, kotii
kolesterolii diistirmek, kas saghigim gelistirmek ve kalp saghgin iyilestirmek igin besin takviyesi olarak
insan beslenmesinde kullanilir. Yiiksek linoleik aspir yag1 ayrica cildi nemlendirmek, iltihaplanmay:
azaltmak ve iyilesmeyi hizlandirmak i¢in sabun, giines kremleri, losyonlar, nemlendiriciler ve kozmetik
iiriinlerinde bir bilesen olarak kullanilir (Bergman ve Kandel, 2019).

Aspir gesitlerinde yaklasik olarak %6-8 palmitik asit, %2-3 stearik asit, %16-20 oleik asit ve %71-75 linoleik
asit bulunmaktadir (Velasco ve Fernandez-Martinez, 2001). Bu oranlarin genotip cevre interaksiyonundan
etkilendikleri bir¢ok arastirici tarafindan bildirilmistir (Robertson vd., 1978; Matthaus vd., 2015; Cosge vd.,
2016). Ayrica giceklenme ve olgunlasma arasinda gegen siirede sicakligin yag asitlerini etkileyen en 6nemli
faktor oldugunu belirtmislerdir (Lajara vd., 1990; Samanci ve Ozkaynak, 2003). Yetisme istekleri
bakimindan segici olmayan, diger yagli tohumlara gore kuraga ve diisiik sicakliklara daha dayanikli olup,
Ozellikle kurak bolgelerde nadas alanlarinda kullanilabilecek bitkilerden birisidir (Hussain vd., 2015;
Emongor vd., 2015; Yeilaghi vd., 2015). Bu 6zelliklerinden dolay1 kira¢ alanlarda yetisen bugday, arpa,
mercimek ve tiitlin gibi bitkilerle ekim nobetine girerek {ilkelerin bitkisel yag agigmmin kapatilmasinda
oldukga 6nemli bir potansiyele sahip alternatif bir bitkidir (Eryigit vd., 2015; Kose, 2017). Aspir bitkisinin
sulama ile birlikte verim artisina sebep oldugu birgok ¢alismada vurgulanmistir (Dogan, 2021; Beyyavas
ve Dogan, 2022).

Aspirden elde edilecek birim alandaki verim ve dolayisiyla yag verimlerini artirmak igin sulama biiyiik
Oonem arz etmektedir. Genel olarak, yagl tohumlar da dahil olmak iizere bir¢ok mahsuliin verimini ve
kalitesini olumsuz etkileyen kuraklik stresi, bitki biiyiimesinde, fizyolojisinde ve metabolik aktivitelerinde
degisiklikler yoluyla bitkileri etkilemektedir (Alqudah vd., 2011). Sulama rejimi, ekim zamani, biiyiime
sicakliklar1 ve abiyotik streslerin de bitkisel yagin yag icerigini ve bilesimini degistirebilmektedir (Bagheri
vd., 2012). Genel olarak, generatif donemde bitkiler vejetatif asamaya gore kurakliga daha duyarlidir ve
generatif donemdeki kuraklik bitkilerdeki gigek ve tabla sayisini azaltir, bu da tohum sayisinda azalmaya
yol agar (Pushpavalli vd., 2015). Bu da dollenmeyi, tohumun biiyiime ve gelismesini, dolayisiyla verimin
azalmasma neden olmaktadir. Baz1 arastiricilar, farkli aspir genotiplerinde yag icerigi disindaki diger
ozelliklerden daha fazla tohum ve yag veriminin kuraklik stresinden etkilendigini belirtmislerdir (Nazari
vd., 2017). Yapilan bir calismada, %50 ¢iceklenme doneminde artan su kitlig: stresiyle (%85 tarla kapasitesi
nemi titkendikten sonra sulama) yag igerigi ve palmitoleik asidin azaldigini gostermistir (Akbari vd., 2020).

Yaghh tohumlarin yag asitleri kompozisyonu genetik, ekolojik, morfolojik, fizyolojik ve Kkiiltiirel
uygulamalarin farkliligindan dolay1 degisiklik gostermektedir. Bu nedenle kurak sartlarda ve sulanan
farkli aspir gesitlerindeki yag kalitesi ve yag asidi kompozisyonlarinin belirlenmesi 6nem tagimaktadir.

Bu calisma kuru ve sulu kosullardaki bazi aspir cesitlerinin yag kalitesini belirleyen yag asitlerinin
degiskenligini belirlemek amaciyla yiiriitiilmiigtiir.
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MATERYAL VE METOT

Materyal

Bu arastirma; Harran Universitesi Ziraat Fakiiltesi Tarla Bitkileri Boliimii deneme alaninda 2019-2020 ve
2020-2021 yetistirme sezonlarinda yiiriitiilmiistiir. Materyal olarak Safir, Goktiirk, Kog, Balc1 ve Dinger

cesitleri kullanilmigtir.

Metot

Deneme tesadiif bloklarinda boliinmiis parseller deneme desenine gore 3 tekrarlamali olarak
yurtitiilmistiir. Ana faktor olarak sulu-kuru, alt parselleri ise gesitler olusturmustur. Denemede parseller 6
m boyunda 5 siradan olusturulmus, sira arasi1 30 cm, sira {izeri mesafesi ise 10 cm olarak tutulmustur.
Pullukla islenen deneme alani, ekim Oncesi (ekimden 15 giin Once) piilverizator ile yabanci ot ilact
(Pendimethalin) uygulanip, arkasindan kiiltivator ve tapan cekilerek ekime hazir hale getirilmistir.

Ekim islemi denemenin ilk yilinda 5 Kasim 2020 tarihinde, ikinci yilda ise 7 Kasim 2021 tarihinde
yapilmistir. Cikistan sonra bitkiler 3-4 yaprakli donemdeyken seyreltilmistir. Bitkinin fosfor gereksinimi
igin taban giibresi olarak DAP (diamonyum fosfat %18N-%46P) giibresi uygulanmustir. Giibre
uygulamasinda saf giibre olarak; azot (3 N kg da) ve fosfor (8 N kg da'') taban giibresi uygulanmistir. Ust
gilibrelemede azot kaynag: olarak iire (%46 N) giibresinden saf olarak 7 kg da” uygulanmistir. Kuru
kosullarda yetistiriciligi yapilan parsellerde sulama yapilmayip, bitkiler dogal yagis kosullarinda
yetistirilmistir. Sulama konusu olan parsellerde ise iklim sartlar1 dikkate alinarak sulama yapilmistir.
Denemenin ilk yilinda toplam 3 kez (toplam 225 mm), ikinci yilinda ise 4 kez sulama (300 mm) yapilmis
olup, yagmurlama sulama ile parsellere homojen bir sekilde su verilmistir. Calismanin iki yilinda da
denemede goriilen yaprak kurdu (Spodoptera littoralis) ve yaprak biti (Aphidoidea) zararhlarina kars: etkili
20 g I'' Acetamiprid etken maddeli toz preparatli ilag ile miicadele yapilmustir.

Toprak ve Iklim Ozellikleri

Aragtirmanin yapildigi Harran Universitesi Ziraat Fakiiltesi Osmanbey Yerlegkesine bagli Tarimsal
Arastirma ve Uygulama Alanindan 30 cm derinliginden alinan toprak érneginin analiz sonuglar1 Cizelge
1’de yer almaktadir.

Cizelge 1. Deneme yerine ait topraklarin bazi kimyasal 6zellikler.
Table 1. Some chemical properties of the soils of the experimental area.

X X . - S
Derinlik . Of:;lcllt Kire Makro ve mikro besin elementleri (mg kg)
(em) P % (%) P K Mg  Fe Zn  Cu  Mn
o
0-30 7.92 1.12 29.6 4.70 18.0 30.3 3.46 0.72 4.64 0.44

Elde edilen analiz sonuglarina gore organik madde yoniinden diisiik (%1.12), hafif alkalin, ¢ok kirecli, hafif
tuzlu, killi-tinli biinyeye sahip, fosfor icerigi az ve potasyum igerigi bakimindan orta oldugu belirlenmistir
(Ramazanoglu, 2019).

Deneme yiiriitiildiigii Sanhurfa ilinde iklim olarak karasal gecis ikliminde ve bolgede yazlar sicak ve kurak
gecmekte, kislar ise soguk gegmektedir. Sanliurfa iline ait 2019-2020, 2020-2021 yetistirme dénemleri ve
uzun yillar ortalama sicaklik ve yagis verileri Cizelge 2’de verilmistir.

Denemenin ilk yilina ait ortalama sicaklik degeri 14.99 °C iken, ikinci yil 15.97 °C olmustur. Uzun yillar
ortalama sicaklik degeri ise 13.65 °C olarak olgiilmiistiir. Denemenin ilk yilinda yagislar 584 kg m-2, ikinci
yilinda 249 kg m2 ve uzun yillar yagis miktar: ise 425.8 kg m=2 olmustur. Denemenin ilk yili yetistirme
doéneminde uzun yillar ortalamasindan yiiksek, ikinci yil ise uzun yillar ortalamasimndan oldukga diisiik
degerler oOlclilmiistiir (Cizelge 2). Bu veriler dikkate alindiginda denemenin ikinci yil yetistirme dénemi
oldukga kurak ge¢mistir.
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Cizelge 1. 2019-2020 ile 2020-2021 ve uzun yillar ortalamalarina ait bazi iklim verileri.
Table 2. Some climate data for 2019-2020 and 2020-2021 and long-year averages.

Aylar 2019-2020 2020-2021 1929-2020 Uzun yillar ort.
Ortalama Toplam yagis Ortalama sicaklik Toplam yagis ~ Ortalama Toplam yagis
sicaklik (kg m?) °C) (kg m?) sicaklik (kg m2)

WY Y]

Kasim 14.8 6.7 13.5 60.9 122 44.9

Aralik 9.0 277.7 9.4 61.5 7.5 80.1

Ocak 6.6 76.9 8.1 76.4 5.5 87.6

Subat 7.0 241 10.4 13.4 7.0 69.5

Mart 13.3 90.8 11.7 33.7 10.8 62.8

Nisan 17.1 68.3 19.1 0.4 16.1 49.8

Mayis 23.2 39.1 26.6 2.7 221 26.7

Haziran 28.9 0.4 29.0 0.0 28.0 4.4

Toplam - 584 - 249 - 425.8

Ortalama 14.99 15.97 13.65

(Anonim 2021, Sanhurfa Meteoroloji Miidiirliigii kayatlar:).

Ham yag oraninin belirlenmesi: Her parselden alinan 10 g kabuklu tohum havanda ezilmis ve bundan 5’er
gram numune alinmus ve kartuslara konulduktan sonra yag oranlar1 soxhlet metodu ile n-hexzan
extraksiyonunda 6 saat kaynatilmis ve n-hexzandan ¢ikan numuneler 72 saat siireyle 70 °C’de etiivde
bekletilmis, daha sonra tartilarak kuru agirlik tizerinden ham yag oranlar1 % olarak saptanmuistir.

Yag asitleri iceriginin belirlenmesi: Soxhlet ile elde edilen ham yag Ornekleri esterlestirildikten sonra, FID
donanimli HRGC Mega 2 tip FISONS marka gaz kromatografisinde yag asitlerine ayristirilmistir.
Ayristirmada kolon olarak Permabond FFAP-DF-25 m x 0.25 mm ID tip kilcal kolon kullanilmistir. Doymus
ve doymamis yag asitlerinden miristik asit (C14:0), palmitik asit (C16:0), palmitoleik asit (C16:1) ve stearik
asit (Ciso), oleikasit (C18:1), linoleik (C18:2) asit ve arasidik asit (C20:0) oranlar1 (%) olarak saptanmistir.
Yag ve yag asitleri analizleri Baydar (1997) tarafindan belirlenen yontemlere goére yapilmistir.

Verilerin Analizi
Elde edilen veriler Minitab (18.3) istatistik programinda tesadiif bloklarinda béliinmiis parseller deneme
desenine gore analiz edilmis, ortalamalar Tukey testine gore (0.05) gruplandirilmistir.

BULGULAR ve TARTISMA
Yapilan birlestirilmis yillar varyans analizine gore incelenen o0zellikler bakimindan yillar arasinda
farkliliklar bulundugundan her yilin verileri ayr1 ayr1 analiz edilmistir (Cizelge 3).

Cizelge 3. Incelenen 6zelliklere ait F degerleri
Table 3. F values of the investigated properties

F Degeri F Degeri F Degeri F Degeri
2019-20 2020-21 2019-20 2020-21 2019-20 2020-21 2019-20 2020-21
Uygulamalar Miristik asit (c:14:0) Palmitik asit (c16:0) Palmitoleik asit (c16:1) Stearik asit (c18:0)
Tekerriir 0,75 1,52 0,13 1,51 3,40 2,54 1,40 3,27
Kuru-Sulu 184,76** 4,3104. 5,82% 46,94** 707,53** 0,038 13,48** 4,3204d.
Cesitler 164,82** 3,30* 10,37** 31,17** 7244,09**  4,79** 17,08** 10,69**
Kuru-SuluxCesitler ~ 186,78** 3,97* 5,22%* 3,80* 453,05** 1,008d- 5,20** 2,699-d.
Oleik asit (c18:1) | Linoleik asit (c18:2) I Arasidik asit (c20:0) |
Tekerriir 0,05 1,91 1,51 0,16 0,25 0,11
Kuru-Sulu 15,01** 60,68** 14,31** 78,95%  56,94** 237,76**
Cesitler 70,85** 861,48*  19,47** 395,27** 9,41** 549,82**
Kuru-SuluxCesitler | 12,22** 118,59**  11,31** 74,9954 16,38** 450,35**

**: P<0.01; *: P<0.05 diizeyinde 6nemlidir. 6.d: 6nemli degil
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Miristik Asit (c14:0)

Tetradekanoik asit olarak da adlandirilan miristik asit, hindistan cevizi yagi ve palmiye yag1 da dahil olmak
lizere bazi kat1 ve siv1 yaglarda dogal olarak bulunan bir parcalanmis doymus yag asididir. (Anonim,
2022a).

Denemenin her iki yilinda da istatiksel olarak (P<0.01 ve P<0.05) farkli gruplar olusmustur. Calismada
miristik asit oranlar1 %0.09-0.82 arasinda degisim gostermistir. Denemenin ilk yilinda kuru kosullarda
Goktiirk cesidi (%0.82), ikinci yilda ise sulu kosullarda yetistirilen Goktiirk cesidi (%0.65) daha fazla
miristik asidi olusturmustur (Cizelge 4). Calismada 2019-20 yetistirme sezonunda kuru sartlarda yetisen
cesitler sulu sartlarda yetisen cesitlere nazaran daha yiiksek degerler olusturmustur.

Calismada kullanulan gesitlerin farkli degerlerde bulunmasi, gesitlerin ¢evre interaksiyonundan ve farkl
genotipik yapiya sahip olmalarindan kaynaklandigi tahmin edilmektedir. Calismadan elde edilen
sonuglar, Baydar (2000)'1n miristik asit degerinin (%0.24) oldugunu; Cosge vd. (2007) gesitlerin cevre
kosullarindan etkilendigini belirtmeleri sonuglarimiz ile uyum igerisindedir. Aspir bitkisinin, yag asidi
bilesiminde degiskenlik gosteren bir bitki oldugu, tohum olgunlasmasi sirasinda sicaklik arttiginda bazi
yag asitlerinin degisime ugradigini belirtmeleri (Samanci ve Ozkaynak, 2003) calismamizla uyum
icerisindedir.

Cizelge 4. Kuru ve sulu kosullarda yetistirilen baz1 aspir ¢esitlerinin miristik asit (c14:0), palmitik asit
(c16:0) ve palmitoleik asit (c16:1) yag asitleri oranlar1 ile %CV degerleri.

Table 3. Myristic acid (c14:0), palmitic acid (c16:0) and palmitoleic acid (c16:1) fatty acids ratios and %CV values of
some safflower cultivars grown in dry and irrigated conditions.

Miristik asit (c14:0) (%) Palmitik asit (c16:0) (%) Palmitoleik asit (c16:1) (%)
Uygulamalar (Interaksiyonlar) 2019-2020 2020-2021 2019-2020 2020-2021 2019-2020 2020-2021
Safir 0.11b 0.11b 7.00 cd 6.17 cd 0.111 0.07
Kog 0.12b 0.12b 7.45 bed 6.28 cd 0.15 1 0.07
Kuru Kogullar x  Goktiirk 0.82a 0.09b 6.56 d 597d 1.05d 0.06
Bala 0.18b 0.11b 9.36 a 6.82 ab 111c 0.08
Dinger 0.13b 0.12b 6.84 cd 6.49 bc 1.66 a 0.07
Safir 0.12b 0.10b 8.76 ab 6.38 c 023g 0.07
Kog 0.11b 0.12b 7.23 bed 6.49 be 0.18 gh 0.07
Sulu Kosullar x  Goktiirk 0.11b 0.65a 7.71 abced 6.49 bc 0.40 f 0.07
Bala 0.17b 0.13b 8.47 abc 691 a 098 e 0.07
Dinger 0.14b 0.13b 7.53 bed 7.03a 145b 0.07
Ortalama 0.20 0.17 7.69 6.50 0.73 0.07
%CV 14.17 8.96 7.38 1.96 2.33 11.69

**: P<0.01; *: P<0.05 diizeyinde 6nemlidir. 6.d: 6nemli degil

Palmitik Asit (c16:0)

Palmitik asit (hexadekanoic asit) bitkiler ve hayvanlarda en yaygin bulunan doymus yag asididir. Karbon
sayis1 16’dir, baz haline palmitat denir. Ergime sicakligi 63.1 °C’dir. Doymus yag asitleri grubundan olan
palmitik yag asidi oraninin diisiik olmasi istenmektedir (Anonim, 2022b).

Denemenin iki yilinda da istatiksel olarak (P<0.01 ve P<0.05) farkli gruplar olusmustur. Calismada palmitik
asit oran1 %5.97-9.36 arasinda degisim gostermistir. Denemenin ilk yilinda kuru kosullarda Balc1 gesidi
(%9.36), ikinci yilda ise sulu kosullarda yetistirilen Balc1 (%6.91) ve Dinger (%7.03) cesitleri daha fazla
palmitik yag asidi olusturmuslardir (Cizelge 4). Calismada, sulu kosullarda yetistirilen gesitlerin kuru
kosullara gore daha fazla palmitik asit olusturdugu; ayrica denemenin ilk yilinin ikinci yila gore daha fazla
palmitik asit olusturdugu izlenmektedir.

Knowles (1988) aspir cesitlerinin %6-8 arasinda; Sabzaliyan vd. (2008) %5.48-8.78 arasinda; Matthaus vd.
(2015), aspir gesitlerinin %>5.7-6.81 arasinda palmitik asit olusturdugunu belirtmeleri ¢alismamizla uyum
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icerisindedir. Ashrafi ve Razmjoo (2010), calismalarinda sulama seviyesinin artmasi ile gesitlerin palmitik
asit oraninin diistiigiinii belirtmesi ¢calismamizla geliski icerisindedir.

Palmitoleik Asit (c16:1)
Palmitoleik asit, 16 karbonlu, 7.C atomunda cift bag iceren bir tekli doymamais yag asididir. Palmitoleik
asit, farmasotik uygulamalar i¢in 6nemli bir yag asididir (Abraham vd., 1989).

Denemenin ilk yilinda istatiksel olarak (P<0.01) farkl gruplar olusmus,ancak ikinci yilda istatistiki olarak
herhangi bir farklilik bulunamamistir. Calismada palmitoleik asit orani %0.06-1.66 arasinda degisim
gostermistir. Denemenin ilk yilinda kuru kosullarda Dinger gesidi (%1.66), ikinci yilda ise sulu kosullarda
yetistirilen Balc1 (% 0.08) ¢esidi daha fazla palmitoleik yag asidini olusturmustur (Cizelge 4). Calismada
yillar arasinda uygulamalar yoniinden farkliliklar oldugu izlenmektedir. Bunun nedeni olarak gevre
interaksiyonu ve ¢esitlerin genotipinden kaynaklandig1 tahmin edilmektedir. Nagaraj ve Reddy (1997),
iklim kosullar1 ve biiylime sezonunda sicaklik degisimlerinin tohumdaki yag asitlerinin degisime
ugradigini belirtmeleri ve Arslan (2007), palmitoleik asit oraminin cesitlere gore %0.0-0.3 arasinda
degistigini bildirmeleri ¢calismamizla uyum igerisindedir.

Stearik Asit (c18:0)

Saf stearik asit, beyaz kristaller halindedir. Yogunlugu 0.847, ergime noktas: 69-70 °C, kaynama noktas1 383
°C’dir. Stearik asit en yaygin uzun zincirli (18 C) yag asididir. Ayrica gida, elektronik, deterjan, sabun ve
kozmetik tiretiminde kullanilmaktadir (Anonim, 2022c).

Denemenin ilk yilinda istatiksel olarak (P<0.01) farkli gruplar olusmus, ancak ikinci yilda istatistiki olarak
herhangi bir farkliik bulunamamistir. Calismada stearik asit orani %1.09-3.25 arasinda degisim
gostermistir. Denemenin ilk yilinda sulu kosullarda Safir ¢esidi (3.25) ve Balc1 ¢esidi (%3.19), ikinci yilda
ise kuru ve sulu kosullarda yetistirilen Kog (%1.47 ve 1.49) ¢esidi daha fazla stearik yag asidi olusturmustur
(Cizelge 2). Calismada denemenin ilk yilinda sulama yapilan aspir cesitlerinin kuru kosullarda
yetistirilenlere gore daha fazla stearik asit (c18:0) olusturdugu izlenmektedir (Cizelge 5). Cosge vd. (2007)
ile Matthaus vd. (2015)'nin ¢calismalarinda buldugu degerlerin calismamizla ortiistiigii; Ashrafi ve Razmjoo
(2010) ise calismalarinda sulama seviyesinin artmasi ile gesitlerin stearik asit (c18:0) oranmin distigiinii
belirtmesi ¢alismamaizla celiski igerisindedir.

Oleik Asit (cis-Cisa1 n-9)

Oleik asit (cis-C18:1 n-9) ve elaidik asit (transCis1 n-9) geometrik izomerlerdir. Denemenin iki yilinda da
istatiksel olarak (P<0.01) farkli gruplar olusmustur. Calismada oleik asit orami %12.20-24.03 arasinda
degisim gostermistir. Denemenin ilk yilinda kuru ve sulu kosullarda Safir ¢esidi (%22.77 ve %23.54), ikinci
yilda ise sulu kosullarda yetistirilen Safir (%24.03) ve Kog¢ (%23.11) gesitleri daha fazla oleik asiti
olusturmustur (Cizelge 4). Calismada denemenin ilk yilinda sulama yapilan aspir gesitlerin kuru
kosullarda yetistirilenlere gore; ikinci yilda ise kuru kosullarin sulu kosullara gore daha fazla oleik asit
olusturdugu ve yillar arasinda fark oldugu izlenmektedir (Cizelge 5). Calismada buldugumuz cesitler
arasindaki oleik asit degerleri Cosge vd. (2007), Ashrafi ve Razmjoo (2010), Matthaus vd. (2015)'nin
calismalarinda buldugu degerlerle uyum igerisindedir. Ayrica Ashrafi ve Razmjoo (2010) calismalarinda
sulama seviyesinin artmasi ile gesitlerin oleik asit oraninin diistiigiinii belirtmesi ¢alismamizin ilk yili ile
uyumlu ikinci yili ile geligki igerisindedir.

Linoleik Asit (c18:2)

Linoleik asit, coklu doymamaisg bir omega-6 yag asididir. Suda hemen hemen ¢6ziinmeyen ancak birgok
organik ¢oziiciide ¢oziinebilen renksiz veya beyaz bir yagdir. Insanlar igin diyet yoluyla elde edilmesi
gereken {i¢ esansiyel yag asidinden biridir (Simopoulos, 2008).

Denemenin ilk yilinda istatiksel olarak (P<0.01) farkli gruplar olusmus, ancak ikinci yilda istatistiki olarak
herhangi bir farklilik bulunamamistir. Calismada linoleik asit oranlar1 %59.72-79.26 arasinda degisim
gostermistir. Denemenin iki yilinda da sulu kosullarda yetistirilen Dinger ¢esidi (%73.39 ve %79.26) en
yiiksek linoleik asidi degerini olusturmustur (Cizelge 5).
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Cizelge 5. Kuru ve sulu kosullarda yetistirilen bazi aspir ¢esitlerinin stearik asit (c18:0), oleik asit
(c18:1) ve linoleik asit (c18:2) yag asitleri oranlari ile %CV degerleri.

Table 4. Stearic acid (c18:0), oleic acid (c18:1) and linoleic acid (c18:2) fatty acid ratios and %CV values of some
safflower cultivars grown in dry and irrigated conditions.

Stearik asit (c18:0) (%) Oleik asit (c18:1) (%) Linoleik asit (c18:2) (%)
Uygulamalar (1nteraksiy0nlar) 2019-2020  2020-2021 2019-2020 2020-2021 2019-2020 2020-2021
Safir 2.37 bc** 1.19 22.77 a 17.56 d 64.05 be 75.28
Kog 2.89 ab 1.47 17.59 be 20.78 be 68.49 ab 71.23
Kuru Kogullar x Goktiirk 2.77 ab 1.39 19.97 ab 21.83b 60.32 ¢ 70.47
Bala 291 ab 1.26 21.30 a 1298 e 61.14 ¢ 78.80
Dinger 1.90 ¢ 1.33 12.29d 13.15¢ 63.28 bc 78.81
Safir 325a 1.28 2354 a 24.03 a 61.35¢ 67.92
Kog 2.77 ab 1.49 17.63 be 23.11a 68.39 ab 67.67
Sulu Kosullar x  Goktiirk 2.74 ab 1.27 21.13 ab 19.66 c 59.72¢ 72.59
Bala 319a 1.09 14.53 cd 12.77 ¢ 68.37 ab 78.80
Dinger 2.30 bc 1.17 1244 d 1220 e 73.39 a 79.26
Ortalama 2.71 1.29 17.92 17.81 64.85 74.14
%CV 7.85 6.84 6.82 2.16 3.12 0.74

**: P<0.01; *: P<0.05 diizeyinde 6nemlidir. 6.d: 6nemli degil.

Denemenin ikinci y1l1 uygulama ve cesitler bakimindan ilk yila gore daha fazla linoleik asit olusturmustur.
Ikinci yili deneme sonuglarinin yiiksek ¢ikmasi iklim kosullarina baglanabilir. Nitekim iklim kosulari
incelendiginde denemenin ikinci yili ilk yila gore kurak ve sicak gecmistir (Cizelge 2). Denemede elde
edilen bulgular degerlendirildiginde, yillara gore degiskenligin gevresel faktorlerin etkili olabilecegi
sonucuna varimistir. Cevre kosullarimin yag asitlerini etkilediklerini (Matthaus vd., 2015), Lajara vd.
(1990)'nin ¢igeklenme ve olgunlasma arasinda gegen siirede sicakligin yag asitlerini etkileyen en 6nemli
faktor oldugunu belirtmeleri ¢calismamizla uyum igerisindedir. Calismamizda linoleik asit oran1 %79.26’ya
kadar ¢ikmustir ki, bu da istenen bir durumdur. Velasco ve Fernandez-Martinez (2001), linoleik asit
oraninin %71-75 arasinda, Guan vd. (2008) ise linoleik asit oraninin %71-75 arasinda oldugunu belirtmeleri
¢alismamaizla uyum igerisindedir.

Arasidik Asit (c20:0)

Tkosanoik asit olarak da bilinen arasidik asit, 20 karbonlu bir doymus yag asididir. Balik ve bitkisel yaglarda
dogal olarak bulunan doymus bir yag asididir. Arasidik asit gibi doymus yag asitleri bakimindan zengin
diyetlerin, diisiik yogunluklu lipoproteinleri arttirdigi (LDL) ve yiiksek kan kolesterol seviyelerine neden
oldugu bilinmektedir.

Denemenin iki yilinda da istatiksel olarak (P<0.01) farkh gruplar olusmustur. Calismada arasidik asit orani
%0.10-0.34 arasinda degisim gostermistir. Denemenin ilk yilinda sulu kosullarda Goktiirk gesidi (%0.24),
ikinci yilda ise kuru kosullarda yetistirilen Safir (%0.34) cesidi daha fazla arasidik asidi olusturmustur

(Cizelge 6).

Cosge vd. (2007) calismalarinda arasidik asit oranmmin %0.22-0.33 arasinda oldugunu belirtmeleri
¢alismamizla uyumlu oldugunu gostermektedir. Yillar arasinda degiskenlik oldugu izlenmektedir (Cizelge
5). Bunun nedenin yillar arasinda degisen iklim kosullari oldugu tahmin edilmektedir. Nitekim Nagaraj ve
Reddy (1997), iklim kosullari ve biiylime sezonunda sicaklik degisimleri tohumdaki yag asitlerinin
degisime ugradigin belirtmeleri calismamizla uyum igerisindedir.
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Cizelge 6. Kuru ve sulu kosullarda yetistirilen baz1 aspir gesitlerinin arasidik asit (c20:0) yag asidi ve CV
degerleri tizerine etkileri.

Table 5. Effects of some safflower cultivars grown in dry and irrigated conditions on aracidic acid (c20:0) fatty acid
and %CV values.

Arasidik asit (c20:0) (%)
Uygulamalar (Interaksiyonlar) 2019-2020 2020-2021
Safir 0.12 de** 0.34a
Kog 0.11 de 0.11e
Kuru Kogullar x Goktiirk 0.13 cde 0.13 de
Bala 0.12 de 0.13 de
Dinger 0.15 bed 0.16 cde
Safir 0.21 ab 0.21 be
Kog 0.16 bed 0.17 cd
Sulu Kosullar =  Goktiirk 024 a 0.24Db
Bala 0.18 be 0.15de
Dinger 0.10e 0.12 de
Ortalama 0.15 0.24
%CV 13.13 8.41

**: P<0.01; *: P<0.05 diizeyinde 6nemlidir. 6.d: 6nemli degil

SONUC
Yag bitkilerinin icerdikleri yag asitleri bilesimleri siirekli sabit olmayip; genetik, ekolojik, morfolojik,
fizyolojik ve kiiltiirel uygulamalarin kontrolii altinda oldugu birgok ¢alismada belirlenmistir.

Calismadan elde edilen sonuglara gore; calismada kullanilan gesitlerin ve uygulamalarmin yag asitleri
degerlerinin farkli degerlerde bulunmasi, cevre interaksiyonundan ve farkli genotip yapiya sahip
olmalarindan kaynaklandig: tahmin edilmektedir. Sulama yapilan cesitlerde kuru sartlarda yetistirilen
cesitlere gore daha fazla linoleik asit (C18:2) ve palmitik asit (C16:0) oraninin olustugu, ayrica ¢alismanin
ikinci yilinda linoleik asidin birinci yila gore daha fazla yag asidi olusturdugu saptanmistir. Calismanin
ikinci y1linda doymamis yag asidi toplam orani (linoleik asit (C18:2) + oleik asit (C18:1)) birinci yila gore
daha yiiksek bulunmustur. Bunun nedeni olarak, ¢alismanin ikinci yilindaki sicaklik degerlerinin ilk yila
gore daha yiiksek ¢ikmast oldugunu sdyleyebiliriz. Sonug olarak, bitkisel yaglarin, yag asitleri
kompozisyonunun bilinmesi yagin kalite ve standardinin belirlenmesi ile amaca gore iiretim yapilmasini
saglayacaktir.

EKLER

Calismanin bazi parametreleri bagka dergilerde yayimnlanmis olup, ¢alismanin birinci yili Harran
Universitesi Bilimsel Aragtirma Projeleri (HUBAP proje no: 20093) Koordinatorliigii tarafindan
desteklenmistir.

CIKAR CATISMASI
Makale yazarlar: aralarinda herhangi bir ¢ikar catismasi olmadigini beyan ederler.

YAZAR KATKISI
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Seed Priming with Ascorbic Acid to Ameliorate the Effects of Salinity Stress on Germination and
Growth Traits of Rapeseed (Brassica napus L.)

Tuzluluk Stresinin Kolza Tohumunun (Brassica napus L.) Cimlenme ve Biiyiime Ozellikleri Uzerindeki

Etkilerini lyilestirmek i¢in Askorbik Asit ile Tohum Hazirlama
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Abstract: This study was conducted to determine the effects of seed priming with ascorbic acid (AsA) on germination and seedling characteristics of
rapeseed (Brassica napus L.) under different salinity levels. To this end, the study examined five salinity levels (0.20, 5.0, 10.0, 15.0, and 20.0 dS m™ NaCl)
and four priming doses (control, 0.5, 1.0, and 2.0 mM ascorbic acid). Salt stress negatively affected germination and some plant growth traits, such as
radicle length (RL), plumule length (PL), radicle fresh weight (RFW) and plumule fresh weight (PFW), finally germination percentage (FGP), germination
index (GI), mean germination time (MGT) and seedling vigor index (SVI). On the other hand, priming with AsA positively affected all parameters except
FGP, PFW and salt tolerance index (STI). According to the interaction of salinity stress and priming, the highest values for GI (125.3), MGT (1.63 days),
PFW (0.35 g), and STI (139.3%) were obtained at 5.0 dS m salinity stress and 1.0 mM AsA dose. However, the highest value was obtained for RL (10.6
cm) and SVI (1170.7) at the control treatment and 0.5 mM AsA dose, whereas the highest value was obtained for PL (1.7 cm) at the control treatment and
1.0 mM AsA dose. Ascorbic acid at low doses (0.5 and 1.0 mM) had a positive effect on seedling germination and growth traits, while higher
concentrations had a toxic effect on germination. Thus, it was concluded that priming rapeseed seeds with an AsA dose of 0.5 mM could reduce the
restrictive impact of salinity stress on seed germination and seedling improvement. Further studies on the yield and growth parameters of rapeseed
under salt stress by AsA application are recommended.

Keywords: Ascorbic acid, germination traits, rapeseed, salinity

&

Oz: Bu calisma, farkli tuzluluk seviyeleri altinda askorbik asit (AsA) ile tohum hazirlamanin kolza tohumlarinin (Brassica napus L.) ¢imlenme ve fide
ozellikleri {izerine etkilerini belirlemek amaciyla yapilmigtir. Bu amagla, calismada bes tuzluluk seviyesi (0.20, 5.0, 10.0, 15.0 ve 20.0 dS m™ NaCl) ve dort
priming dozu (kontrol, 0.5, 1.0 ve 2.0 mM askorbik asit) incelenmistir. Tuz stresi ¢imlenmeyi ve kokeiik uzunlugu (RL), sapgik uzunlugu (PL), kokgiik
taze agirhgr (RFW), sapgik taze agirlign (PFW), nihai ¢cimlenme yiizdesi (FGP), ¢cimlenme indeksi (GI), ortalama ¢imlenme siiresi (MGT) ve vigor indeksi
(SVI) gibi baz1 ¢imlenme ve fide biiyiime 6zelliklerini olumsuz etkilemistir. AsA ile yapilan priming ise FGP, PEW ve tuz tolerans indeksi (STI) disindaki
tiim parametreleri olumlu etkilemistir. Tuzluluk stresi ve priming etkilesimine gore en yiiksek GI (125.3), MGT (1.63 giin), PFW (0.35 g) ve STI (%139.3)
degerleri 5.0 dS m™ tuzluluk stresi ve 1.0 mM AsA’de elde edilmistir. Bununla birlikte, RL (10.6 cm) ve SVI (1170.7) igin en ytiiksek degerler kontrol
konusu ve 0.5 mM AsA dozunda elde edilirken, PL (1.7 cm) igin en yiiksek deger kontrol konusu ve 1.0 mM AsA dozunda elde edilmistir. Diigiik
dozlarda (0.5 ve 1.0 mM) askorbik asit, ¢imlenme ve fide biiylime &zellikleri {izerinde olumlu bir etkiye sahipken, daha yiiksek konsantrasyonlar
¢imlenme tizerine toksik etki yapmugtir. Bu nedenle kolza tohumlarimin 0.5 mM AsA dozu ile 6n uygulamaya tabi tutulmasimn tuz stresinin tohum
¢imlenmesi ve fide gelisimi tizerindeki kisitlayici etkisini azaltabilecegi sonucuna varilmistir. Tuz stresi altinda AsA uygulamasinin kolzanin verim ve
gelisme parametrelerine etkileri ile ilgili ileri aragtirmalarin yapilmasi onerilmektedir.
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INTRODUCTION

Rapeseed (Brassica napus L.) belongs to the Brassicaceae family and is the third-largest oil crop worldwide,
which plays an essential role in oilseed production (Wang et al., 2023). Recently, the multifunctional use
of canola, including as a vegetable, landscaping, and forage, has developed rapidly (Batool et al., 2022).
Brassica crops are frequently cultivated in dry and semi-arid environments, where the build-up of
significant salt concentrations has a detrimental effect on germination, early seedling development, and
yield (Shah et al., 2018). Rapeseed is a moderately salt-tolerant species (Batool et al., 2021). Moreover, early
development stage osmotic stress and ionic imbalance caused by salinity stress negatively impacted
rapeseed growth, photosynthesis, and nutrient absorption, significantly reducing production.

Salinity is an important abiotic stress factor affecting plant productivity in both irrigated and non-irrigated
agricultural lands all over the world (Cirka et al, 2021). Salinity has a negative impact on plant
development at all stages. The seed germination phase is the first and most crucial phase of a plant's
development. The germination stage of a seed is one of the most responsive to salinity (Wan et al., 2018).
For this reason, the salinity tolerance of seeds at the germination stage is critical for growth in saline soils
(Ajmal Khan and Gulzar, 2003). Due to an external osmotic potential that limits water uptake, or the
deleterious effects of Na* and Cl- ions, or both, on germinating seeds, seed germination and emergence are
reduced under saline conditions (Mahdavi and Rahimi, 2013). With the use of new research techniques, the
deleterious effects of salt on plants are being attempted to be improved. Seed priming is one of the methods
to promote the germination of seeds in the face of environmental challenges (Fujikura et al., 1993). Priming
seeds is an extremely efficient method of increasing germination rates. According to Tanur and Yorgancilar
(2020), canola seeds primed with ascorbic acid showed higher germination rates when exposed to
increasing doses of salt. Several studies have confirmed the positive effects of seed priming on germination
under salt stress (Perveen and Hussain, 2021; Azeem et al., 2023).

To accelerate and improve the uniformity of germination and emergence, seed priming is a popular
practise nowadays (Moreno et al., 2018). Seed priming can be defined as the controlled hydration of seeds
immersed in a low osmotic potential solution to initiate germination metabolism without prolonging
radicals. Seed priming is an inexpensive and easy-to-use method that helps increase germination by
regulating enzymatic reactions and water uptake (Ceritoglu and Erman, 2020). There are many techniques
for seed priming, such as hydropriming, halopriming, and Osmo-priming. Many seed priming methods
and strategies have been developed with different solutions to improve seed germination under different
stress conditions (Mahdy et al., 2020; Ali et al., 2020; Bahrabadi et al., 2022).

When plants are exposed to stress, the production and accumulation of toxic reactive oxygen species,
including Oz, H202, and OH, increases (Mittler, 2002). Plants have evolved various protective mechanisms
to prevent oxidative damage caused by salt stress. The increased activity of antioxidant enzymes
contributes to the prevention of stress-induced damage by plants (Ahmad et al., 2015). Both enzymatic
(catalase (CAT), peroxidases (POD), etc.) and non-enzymatic (ascorbic acid, etc.) antioxidants play an
important role in scavenging toxic ROS. Ascorbic acid (AsA) is an important water-soluble compound and
a non-enzymatic antioxidant that stimulates plant growth and ameliorates and adequately reduces the
harmful effects of excess salt (Azeem et al., 2023). AsA can increase a plant's growth and its ability to
withstand stress (Bilska et al., 2019). Numerous studies have reported that plant growth under salt stress
improves with the use of AsA (Niu et al., 2022). Ghoohestani et al. (2012) reported that seed preparation
with ascorbic acid reduced the negative effects of salinity in tomato seeds, and this was achieved with an
ascorbic acid dose of 150 mg L. AsA seed priming at different concentrations improved seed germination
under saline conditions in rapeseed (Molndr et al., 2020), wheat (Baig et al., 2021), barley (Hozayn and
Ahmed, 2019), bean (Azooz et al., 2013).

Rapeseed is an important source of vegetable oil worldwide and is moderately salinity tolerant. Therefore,
it is very important to determine different applications and dosages that help to improve salt tolerance to
increase the yield of rapeseed. However, there are few studies in the literature on the effects of interactions
between salt and ascorbic acid on germination and growth characteristics of rapeseed. Therefore, this study

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

240



Seed priming with ascorbic acid to ameliorate the effects of salinity stress on germination and growth traits of rapeseed (Brassica napusL.)

was conducted to investigate the effects of seed treatment with ascorbic acid on germination of rapeseed
under salt stress conditions.

MATERIAL AND METHOD

To evaluate the effect of seed priming with ascorbic acid on the germination of rapeseed under salt stress,
laboratory experiments were conducted in February 2023 at Ondokuz Mayis University, Faculty of
Agriculture, Department of Agricultural Structures and Irrigation, Turkey. The winter rapeseed cultivar
United Genetic-Es Neptune was used as material.

Treatments and Experimental Design

The experiments were carried out in sterilized petri dishes under controlled laboratory conditions. The
experiment was arranged in a completely randomized design with a factorial arrangement with three
replications. In this study, 0.20 (control), 5.0, 10.0, 15.0 and 20.0 dS m™ NaCl solution and 0 (control), 0.5,
1.0 and 2.0 mM ascorbic acid (AsA) concentrations were used.

The seeds of rapeseed (Brassica napus L.) were surface sterilized in a 5% NaOCI (sodium hypochlorite)
solution for 10 min and then washed five times with distilled water. The surface-sterilized seeds were
placed in AsA solutions of various concentrations for 10 hours for priming and then dried on filter paper
at room temperature for 24 hours until they regained their original moisture content. Twenty seed samples
primed with different concentrations of each ascorbic acid were placed in sterile 9-cm standard glass petri
dishes on filter paper, and 10 ml of five different salt concentrations were added. Petri dishes were covered
and incubated at 20°C with a 16-hour photoperiod in an incubator. The filter papers were changed every
two days, and 10 ml of saline solutions was added. The seeds were considered germinated when the radicle
emerged. The number of germinated seeds in each petri dish was counted for seven days, starting on the
second day at every 24 h.

Calculated Germination Indices

After the 7th day, germinated seeds were taken out from the petri dishes, and final germination percentage
and some other primary germination and seedling growth properties such as germination index, mean
germination time, radicle length, plumule length, radicle fresh weight and plumule fresh weight were
determined. 10 random seedlings were used to measure radicle length, plumule length, radicle fresh
weight and plumule fresh weight. The vigor index was calculated using the obtained radicle and plumule
lengths. (Abdul-Baki and Anderson, 1970).

The finally germination percentage, germination index and mean germination time were calculated by the
following equations;

. L Number of germinated seeds
Finally Germination percentage (FGP) = Total mumber of seed x100 1

L Germination % in each treatment
Germination Index (GI) = Germination % in the control *100 2)

X(N;T;

Mean germination time (MGT) =

Where Ni is the number of germinated seeds on day Ti, and T: is the number of days counted from the
beginning of the germination test.

Using the equation from Fathi and Gaafar (2015), the salt tolerance index (STI) was calculated.
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TFW at S,

Salt tol ind 9 =(—
alt tolerance index (%) TFW at 5,

>x100 4)

Where TFW, total fresh weight, So; control, S; a given concentration out of four concentration.

To calculate germination indices, germinated seeds were counted daily. Measurements were conducted on
ten randomly selected seedlings in each petri dish. A millimeter ruler was used to measure the radicle and
plumule lengths accurately. Then, these two pieces were weighed to determine fresh weight. Following
that, they were carefully weighed using a sensitive balance of 0.001.

Statistical Analysis

All statistical analyses were performed using the JMP (SAS institute). For each group classification, the
mean value, the standard deviation (SD), the minimum, and the maximum were calculated. Two-way
analysis of variance (two-way ANOVA) and least significant difference (LSD) tests for pair-wise multiple
comparisons was used for statistical analysis of the data. The statistical significance was defined at (p <.05).

RESULTS AND DISCUSSION

The results of the analysis of the variance of germination traits of rapeseed under salinity stress and ascorbic
acid priming treatments are shown in Table 1, and the results of seedling growth traits are shown in Table
2. The germination index (GI) and mean germination time (MGT) were significantly affected by both
salinity and priming treatments. However, finally germination percentage (FGP) was significantly affected
only by salinity treatments but not by priming treatments (Table 1). The interaction between priming and
salinity was significant for GI (p<.01) and MGT (p<.001).

Table 1. Analysis of variance on the impact of salinity and ascorbic acid on germination properties of rapeseed.
Cizelge 1. Tuzluluk ve askorbik asidin kolza'nin cimlenme 6zellikleri iizerindeki etkisine iliskin varyans analizi.

FGP (%) GI MGT (day)
Treatment df

Mean Square LSDO0.05 Mean Square LSDO0.05 Mean Square LSDO0.05
Salinity 4 515.625%** 3.283 3596.933*** 3.847 4,151 0.013
Priming 3  33.889ns. 2.937 122.728** 3.440 0.092* 0.115
Salinity * Priming 12 25.903 n.s. 6.566 80.978** 7.693 0.1717%*** 0.257
Error 40 15.83 21.73 0.02
CV (%) 4.381 4.562 6.487

***:p <.0001, **: p <.01, *:p <.05, n.s.: non-significance.

Table 2 shows that salinity significantly affected all growth traits (p<.001). In addition, RL, PL, RFW and
SVI were significantly affected by the priming treatments. Finally, the interaction between priming and

salinity was significant for all seedling growth traits studied (p<.001).

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

242



Seed priming with ascorbic acid to ameliorate the effects of salinity stress on germination and growth traits of rapeseed (Brassica napusL.)

Table 2. Analysis of variance on the impact of salinity and ascorbic acid on seedling growth of rapeseed.
Cizelge 2. Tuzluluk ve askorbik asidin kolza'nin fide biiyiimesi iizerindeki etkisine iliskin varyans analizi.

RL PL RFW PFW

Treatment df  Mean LSD Mean LSD Mean Mean

Square 0.05 Square 0.05 Square LSDO0.05 Square LSDO0.05
Salinity 4 250.009***  0.100 6.741%** 0.031 0.015%** 0.002 0.076*** 0.006
Priming 3 0.397%** 0.100 0.011** 0.028 0.000017** 0.002 0.00002n.s.  0.005
Salinity*
Priming 12 0.363** 0.199 0.015%** 0.062 0.00007%** 0.004 0.0008*** 0.011
Error 40  0.015 0.001 0.000001 0.00005
CV (%) 2.152 3.331 4.076 2.788

***:p <.0001, **: p <.01, *:p <.05, n.s.: non-significance.

Table 2. (cont.) Analysis of variance on the impact of salinity and ascorbic acid on seedling growth of rapeseed.
Cizelge 2. (devami) Tuzluluk ve askorbik asidin kolza’nin fide biiyiimesi iizerindeki etkisine iliskin varyans analizi.

SVI STI
Treatment df

Mean Square LSDO0.05 Mean Square LSDO0.05
Salinity 4 3267844*** 24.035 13984.2%** 1.623
Priming 3 4963** 21.498 2.97 n.s. 1.451
Salinity * Priming 12 5151 48.071 86.46%** 3.245
Error 40 33943 3.87
CV (%) 4.564 2.143

**:p <.0001, **: p <.01, *:p <.05, n.s.: non-significance.

The comparison of mean values of germination and seedling growth traits of rapeseed under five different
salinity stress levels and priming treatment with four different levels of ascorbic acid (AsA) is presented in
Table 3.

Table 3. Effects of salinity and ascorbic acid treatments on germination properties and seedling growth of rapeseed.
Cizelge 3. Tuzluluk ve askorbik asit uygulamalarinin kolza tohumunun cimlenme 6zellikleri ve fide biiyiimesi iizerine etkileri.

Treatment FGP (%) GI MGT (day) RL(cm) PL(cm) RFW(g) PFW (g) SVI STI (%)
Salinity (dS m1)

0.20 97.92a 120.50a 1.85d 10.258a 2.22a 0.084b 0.245¢ 1221.96a  100.00c
5.0 96.67a 118.00a 1.90d 9.897b 1.58b 0.098a 0.325a 1110.33b  130.74a
10.0 90.83b 102.17b  2.37c 5.875¢ 0.74c 0.055¢ 0.300b 601.12c  109.49b
15.0 82.92¢ 89.08c  2.63b 1.642d 0.56d 0.032d 0.209d 182.33d  74.74d
20.0 85.83¢ 81.17d  3.28a 0.363e 0.52e 0.014e 0.124e 75.70e 42.59%
AsA (mM)

0 89.00 98.40b  2.51a 5.473c 1.09¢ 0.057a 0.242 616.69¢ 92.41
0.5 91.00 102.73a  2.38b 5.835a  1.14ab  0.057a 0.239 660.00a  91.54
1.0 90.67 102.27a  2.4ab 5.611b 1.15a 0.055b 0.240 643.45ab  91.28
2.0 92.67 105.33a  2.33b 5.509¢ 1.11bc  0.057a 0.241 633.00bc  92.28

Different letters within a column indicate significant differences.

FGP decreased significantly with increasing salinity, decreasing by 15.32% at 15.0 dS m-! compared with
the control (Table 3). A relative increase was also observed for FGP at 20.0 dS m"'. However, no statistically
significant difference was observed for FGP between 0.20 and 5.0 dS m! and between 15.0 and 20.0 dS m-'.
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The decrease in germination percentage with increasing salinity was due to the negative effects of salinity
on physiological processes (Shahzad et al., 2019). However, the effects of priming with AsA and the
interactions between salinity and priming on the FGP trait were not statistically significant (Figure 1a).

Increasing salinity significantly reduced GI (Table 1). At GI, no statistically significant difference was found
between 0.20 and 5.0 dS m. At 20.0 dS m", a decrease of up to 33% was observed compared with the
control. When the salinity x AsA interaction was examined, GI values of plants under salinity stress were
significantly affected by AsA (Figure 1b). The highest GI value (125.33) was observed at 5.0 dS m and 1.0
mM AsA interaction, while the lowest GI value (70.0) was observed at 20.0 dS m salinity and 0 mM AsA
interaction (Figure 1b). At 5.0 dS m! salinity level, the application of 1.0 mM AsA resulted in a 9% increase
in GI value compared to the control. However, when 2.0 mM AsA doses were applied at the highest
salinity, the value of Gl increased by 25% compared with the control. These results indicated that priming
with AsA could reduce the negative effects of salinity stress in relation to GI. Baig et al. (2021) found that
the GI value of wheat seeds significantly increased with AsA treatments under salinity conditions. These
results agree well with those of Tanur and Yorganclar (2020). A high GI indicates that the strength of the
seed is high (Maguire, 1962). This result means that treatments with AsA showed earlier and more
synchronized germination than non-primed seeds (Baig et al., 2021).
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Figure 1. Impact of different salinity levels on primed rapeseed GI and FGP (** p <.01, *p<.05).
Sekil 1. Farkl: tuzluluk seviyelerinin astarlanmig kolza tohumunun GI ve FGP iizerindeki etkisi (** p < .01, *p<.05).
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GI'was more affected by salinity than FGP. GI decreased by almost 42% at 20.0 dS m"!, while FGP decreased
by only 19% (Figure 1). An important reason for the higher sensitivity of GI to salinity than FGP could be
the damage caused by salinity stress to the enzymes involved in germination (Feghhenabi et al., 2020).
Flowers (1972) reported that 0.33 m NaCl inhibited malate and glucose-6-phosphate dehydrogenase
activities by up to 66% and 60%, respectively. On the other hand, El-Hawary et al. (2023) reported that
treatment of seeds with AsA improved dehydrogenase and a-amylase activities compared with the control.

The enzyme amylase in seeds mainly serves to initiate seed germination and activate seedling growth (Li
etal., 2017).

Increasing salinity stress resulted in a significant prolongation of MGT (Table 3). Compared to the control
(0.20 dS m), an increase in salinity stress to 20.0 dS m™ prolonged the germination time by 77%. Gulzar
and Khan, (2001) reported that increases in salinity generally delayed seed germination. Priming
treatments also contributed to the shortening of germination time compared to the control. Considering
the salinity x AsA interaction, at low salinity levels (0.2 and 5.0 dS m), the average germination time of the
treatments with 1.0 mM AsA dose was shorter than the control, while at other salinity levels, 2.0 mM dose
significantly shortened the average germination time. The shortest MGT was 1.63 days at 5.0 dS m! salinity
and 1.0 mM AsA dose, whereas the longest MGT was obtained at 20.0 dS m™ salinity and 0 mM AsA dose
(Figure 2). These results indicated that priming treatments applied under salinity conditions contributed
significantly to reducing germination time. Seeds primed with different doses of AsA improved
germination rate and uniformity with significantly higher GI and shorter MGT without affecting FGP
compared to non-primed seeds.

4.0 y =0.0802x + 1.7082
3.5 - R>=0.8614*
3.0 A
s v = 0.0866x + 1.5308
<) 2o R>=0.9168**
H .
g 15 $ ®0mM
- y =0.0539x + 1.7869
1.0 4 R? = 0.9368** 0.5 mM
05 - ®1.0mM
0.0 ® 2 0 mM
0 5 10 15 20 25

Salinity levels (dS m)

Figure 2. Impact of different salinity levels on primed rapeseed MGT (** p <.01, * p<.05).
Sekil 2. Farklr tuzluluk seviyelerinin astarlanms kolza tohumunun MGT iizerindeki etkisi (** p < .01, * p<.05).

In the study, the values of RL, PL, REW, PFW, SVI, and STI decreased significantly with increasing salinity.
This could be due to the inhibition of water uptake by the saline conditions (Abdollahi and Jafari, 2012).
This can also be caused by the toxic effect of Na* and Cl- ions on germination (Khajeh-Hosseini et al., 2003).
At the highest salinity, the values of RL and PL decreased by 96.5% and 76.6%, respectively, compared to
the control. Jamil et al (2006) reported that RL and PL are two important parameters in determining the
sensitivity of seeds to salinity stress. Decreased root and stem growth with increasing salt stress may be
attributed to ion toxicity and disproportionate nutrient uptake by seedlings (Bybordi and Tabatabaei, 2009).
Several studies have reported that increasing salinity stress significantly reduces nutrient uptake and root
and stem growth rates (Ajmal Khan and Gulzar, 2003). However, priming treatments with AsA
significantly improved RL and PL. The highest improvement was observed at AsA doses of 0.5 mM for RL
and 1.0 mM for PL. The higher AsA dose (2.0 mM) was toxic for both parameters. Regarding the interaction
between salinity and priming, the effect of salinity on primed seeds was lower than the effect on non-
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primed seeds. The results also showed that radicle length was more responsive to salinity stress than
plumule length (Figure 3a, Figure 3b). In conclusion, low concentrations of AsA (0.5 mM) had a more
beneficial effect on seedling growth than high concentrations. In general, treatment with AsA improved
the growth characteristics of seedlings under salt stress by reducing oxidative stress.
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Figure 3. Impact of different salinity levels on primed rapeseed's RL and PL.
Sekil 3. Farkli tuzluluk seviyelerinin astarlanmsg kolza tohumunun RL ve PL iizerindeki etkisi.

RFW and PFW values increased by 16.7% and 32.7%, respectively, at salinity level 5.0 dS m and decreased
significantly at higher salinities (Table 3). Priming treatments with different doses of AsA had no significant
effect on RFW and PFW traits. The interaction between salinity stress and ascorbic acid on RFW and PFW
traits of rapeseed seedlings was highly significant (p<.001) (Table 2). The results show that all priming
treatments improved RFW at a salt concentration of 5.0 dS m! but not at higher NaCl concentrations.
Similarly, PFW increased at all priming concentrations at 5.0 dS m compared to control salinity (0.20 dS
m), but decreased at other higher salt concentrations (Figure 4). It can be said that osmotic stress due to
salinity stress causes this situation by preventing cell division and proliferation (Sezer et al., 2021). Anaya
et al. (2018) reported that increasing salinity significantly decreased the fresh weight of broad bean
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seedlings compared to the control, while 0.5 mM salicylic acid treatment improved fresh weight compared
to salinity treatment.
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Figure 4. Impact of different salinity levels on primed rapeseed's RFW and PFW.
Sekil 4. Farkly tuzluluk seviyelerinin astarlanmus kolza tohumunun RFW ve PFW iizerindeki etkisi.

The increase in salinity from 5.0 to 20.0 dS m™ resulted in a gradual decrease in SVI (Figure 5a). The highest
SVI value was obtained at the control, while the lowest SVI mean value (75.70) was obtained at the highest
salt concentration of 20 dS m. Kandil et al. (2015) reported that the vigor index of soybean seeds gradually
decreased with increasing salinity levels. However, priming treatments with AsA resulted in significant
improvement in seedling vigor (SVI). The highest improvement was obtained at 0.5 mM AsA
concentration. It tended to decrease again with increasing AsA concentration (Table 3). Regarding salinity
x AsA interactions, the highest SVI value (1303.95) was observed at control salinity and 0.5 mM AsA
interaction, while the lowest SVI value (75.15) was observed at 20.0 dS m salinity and 1.0 mM AsA
interaction (Figure 5a). Under salinity stress conditions, the highest SVI value (1170.74) was obtained from
0.5 mM dose AsA and 5.0 dS m! treatments. At 5.0 dS m! salinity, 0.5 mM AsA treatment increased SVI by
6.2% compared to control treatments, while at 20.0 dS m the increase was 14.5% compared to control.
These results indicate that priming treatments on rapeseed seeds alleviated the negative effects of not very
high salt stress on SVI compared to the control treatment. However, the effects of priming treatments on
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seed vigor traits such as GI and SVI were more significant than their effects on FGP. This suggests that seed
vigor, rather than the amount of germinating seeds under salt stress, is improved by priming with AsA
(Chenetal., 2021). According to Chen et al. (2021), priming sorghum seeds with CaClz improved seed vigor,
which in turn contributed to the development of vigorous seedlings under salt stress.

Figure 5b shows the effect of different salinity concentrations on the STI of rapeseed seedlings for seeds
primed with AsA. The STI value initially increased relatively with increasing salinity stress (at 5.0 dS m™)
and decreased at higher salinity levels. The highest STI value was observed at 5.0 dS m, and the lowest
STI value was at 20.0 dS m™. Kiremit et al. (2017) investigated the germination characteristics of flax seeds
under different salt concentrations and determined that salt tolerance indices decreased with increasing
salt concentration. The effect of priming treatments on STI value was not statistically significant. When the
interaction between salinity and priming was analyzed, the highest value for ST was 130.74% at a salt
concentration of 5.0 dS m and an AsA dose of 1.0 mM (Figure 5b). The lowest value was 41.46% when
treated with 20.0 dS m™ x 2.0 mM AsA. Accordingly, when the salinity level was increased from 5.0 dS m-!
to 20.0 dS m, the salt tolerance index of rapeseed seeds decreased by 93.0%. Overall, applying AsA at a
dose of 0.5 mM increased the STT at all salinity levels for the canola preparation. As a result, seeds primed
with 0.5 mM AsA produced seedlings with better tolerance to salt stress than the control. This finding is
consistent with those of Mahdy et al. (2020).
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Figure 5. Impact of different salinity levels on primed rapeseed's SVI and STI.
Sekil 5. Farklr tuzluluk seviyelerinin astarlanms kolza tohumunun SVI ve STI iizerindeki etkisi.
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In general, germination and growth traits were found to be negatively affected by increasing salt
concentration. 5.0 dS m! NaCl concentration did not cause significant damage to seedling germination and
growth traits but contributed to the improvement of some traits (PFW, RFW and STI). However, when the
salinity stress increased to 10.0 dS m, most of the investigated traits were significantly reduced.

CONCLUSION

Considering the general results of this study, salt stress was found to have an inhibitory effect on
germination and some growth characteristics of rapeseed seeds. However, it was found that priming seeds
with AsA improved seed germination and growth characteristics at different levels of salt stress. It was
found that priming with AsA at appropriate doses improved seed growth traits, such as radicle and leaflet
length, fresh weight, and seedling vigor index of rapeseed seeds. It was also concluded that priming could
lead to the better and faster seedling establishment at the early stage, thus increasing the plant's tolerance
to various stress conditions. Based on the results of this study, it is recommended to prime rapeseed with
low AsA concentrations (0.50 mM) under low to high salinity stress conditions. However, to confirm the
results of the present study and to investigate the effects of AsA application on yield and growth
parameters of rapeseed under salt stress, field-level experiments are strongly recommended.
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Abstract: This study was carried out to determine the effects of some flax varieties on yield and yield components in Ankara ecological conditions in
2021. The study was established with 10 flax varieties 3 replications according to the Randomized Complete Block Design. In the study, plant height
(cm), first branch height (cm), number of branches per plant (pieces), number of seeds in the capsule (seed capsule™), 1000 seed weight (g), number of
encapsulated branches per plant (pieces), oil yield (kg ha), protein ratio (kg ha') and seed yield (kg ha?) traits were examined. As a result of the research;
There were statistically significant differences at the level of 1% between varieties in terms of yield and yield components. In the study, the highest seed
yield, oil yield and protein yield (1806 — 599.7 — 428.5 kg ha'') were obtained from Clli-1412 variety.

Keywords: Flax, variety, seed yield, oil yield, protein yield

&

Oz: Bu calisma, 2021 yilinda Ankara ekolojik kosullarinda baz1 keten gesitlerinin verim ve verim unsurlari {izerine etkilerinin belirlenmesi amaciyla
yiiriitiilmiistiir. Calisma, 10 adet keten gesit ile tesadiif bloklar1 deneme desenine gore 3 tekerriirlii olarak kurulmustur. Calismada, bitki boyu (cm), ilk
dal yiiksekligi (cm), yan dal sayisi (adet), kapstiildeki tohum sayisi (tohum kapstil'), 1000 tohum agirhig: (g), bitki bagina kapsiillii dal sayisi (adet), yag
verimi (kg ha), protein verimi (kg ha") ve tohum verimi (kg ha") 6zellikleri incelenmistir. Arastirma sonucunda; cesitler arasinda, verim ve verim
unsurlari bakimmdan istatistiki olarak %1 diizeyinde énemli farkliliklar bulunmustur. Calismada, en yiiksek tohum verimi, yag verimi ve protein verimi
(1806 — 599.7 — 428.5 kg ha) Clli-1412 gesidinden elde edilmistir.
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INTRODUCTION

Flax (Linum usitatissimum L.) is an annual, herbaceous and highly (95%) self-pollinating species belonging
to the Linaceae family (Yildirim and Arslan, 2013; Oksiiz et al., 2015; habi et al., 2019; Keskin and et al.,
2020; Landoni et al., 2020; Talebi and Matsyura, 2021; Yasar, 2023). Its spread in the world is between the
Middle East, the North and Southwest of America and the Mediterranean basin, but its origin is reported
to be Ethiopia, Central Asia and India (Habibollahi et al., 2016; Choudhary et al., 2017; Singh et al., 2017).
Goudenhooft et al., 2018; Landoni et al., 2020; Nag et al., 2020; Xie et al., 2020; Talebi and Matsyura, 2021).

The oldest evidence of human use of flax in weaving is reported to be spun, dyed and knotted wild flax
fibers from 30,000 years ago found in Dzudzuana Cave in Georgia (Anonymous, 2010; Balter, 2009;
Kvavadze, 2009). However, it is thought that the cultivation of flax took place in Mesopotamia much later
(Fu, 2011). In this regard, it is reported that coarse-grained flaxseed found in the Tell Ramad region in Syria
and approximately 9000 years old linen fabric fragments in Catalhdyiik in Turkey (Fu, 2011; Anonymous,
2013). It is reported that it then spread to different parts of the world and reached as far as Switzerland,
Germany, China and India 5000 years ago (Barber, 1991; Cullis, 2007). It is known that there were floral flax
paintings on the temple walls of Ancient Egypt and that mummies were mummified using flax (Sekhri,
2011). Itis also reported that Egyptian priests at that time wore only linen, as it was considered a symbol
of purity (Wisseman and Williams, 1994). It is reported that Egyptian flax was first traded by the
Phoenicians in the Mediterranean and the Romans used fabrics and ropes obtained from linen on their
ships (Buchanan, 2012). After the decline of the Roman Empire, the demand for linen decreased, which led
to a decrease in its production. However, M.S. In the 8th century, the fabric and oil obtained from linen
began to be in demand again and its production became popular again (Wisseman and Williams, 1994).
With the discovery of America, flaxen was brought here as well and became popular (Cullis, 2007).
However, at the beginning of the 20th century, with the popularity of the cotton plant and due to the
increasing costs, the production shifted mainly to Russia (Anonymous, 2003). Today, France takes the lead
in fiber linen production with 141.350 ha, followed by Russia with 45.390 ha. Turkey's flax cultivation area
is very small and is 8 ha. According to the FAO data for 2020, the total cultivation area of fiber flax was
285.418 ha, while the average fiber yield was 3419 kg ha! and the production was 976.113 tons.

Flax (Linum usitatissimum L.) is a multi-purpose plant due to its many benefits in both human and animal
nutrition (Yasar and Yetissin, 2023). At the same time, the seeds are consumed by grinding directly, as well
as oil is obtained from the seeds. The seed or oil flax cultivation area was 3.5 million ha, the average seed
yield was 951.2 kg ha' and production was 3.4 million tons. Kazakhstan takes the lead in flaxseed
production with 1.1 million tons, followed by Russia with 788 thousand tons, Canada ranks third with 578
thousand tons (FAQO, 2020). It is seen that flax production is mostly done for seed production today. The
fact that flaxseed is used as a food supplement for weight loss, its oil is used in the wood and furniture
industry because it is in the class of drying oils, and it is included in bird feed mixtures increases the
demand for flaxseed.

Today, the reason why it is consumed directly is due to its high nutritional properties and because it is a
good diet product. It is reported that there are approximately 534 kilocalories of energy, 41 g of fat, 28 g of
fiber and 20 g of protein in 100 grams of ground flaxseed (Flax Council of Canada, 2022). The omega-3
(especially alpha-linolenic acid) ratio in its oil is high. Omega-3 fatty acid is one of the essential fatty acids
and is a fatty acid with high health effects (Sargi et al., 2013). The shelf life of flax oil is very short due to
the excess of unsaturated acids it contains. It should be consumed fresh as it oxidizes very quickly. In the
same way, if the seed is to be consumed by ground, it should be ground fresh and consumed without
waiting too long. Otherwise, the oil will undergo oxidation in a short time. It is also grown as an ornamental
plant due to its beautiful blue flowers.

Fiber flax performs particularly well in the temperate climate zone with abundant rainfall, while oil flax
performs better in regions with relatively warmer temperatures and sufficient rainfall. For fiber
production, especially in the Black Sea belt, if it is to be grown for oil or seed, it would be more appropriate
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to grow it in the inner regions. The flax cultivation area of our country, which has a high potential for both
flax types, is quite low.

The main purpose of this study is to see the effect of genotype and environment in terms of seed yield

obtained from Ankara ecological conditions in flax varieties, to determine stable varieties, and to both make

a variety suggestion and contribute to breeding studies.

MATERIAL AND METHOD
In the study, 10 varieties of flax were used as material. Some information about the varieties is given in
Table 1 (Yasar, 2023; Yasar and Yetissin, 2023), information about the location is given in Table 2 and climate

data is given in Table 3.

Table 1. Some information about the varieties.
Cizelge 1. Cesitler hakkinda bazi bilgiler.

Genotype name isg?giie((gi)s Flower Color Seed Color Oil Rate (%)  Orjin Growing Season
Sar1 85* 5.40 white yellow 37.7 Tiirkiye Spring
Larnaka* 5.40 blue darkbrown 37.3 Pakistan Winter
Milas* 6.20 blue lightbrown 36.2 Tiirkiye Winter
Newtiirk* 5.40 blue darkbrown 37.1 US.A Spring
Dillman* 5.20 Lightblue brown 323 US.A Winter
Clli-1351* 6.18 blue lightbrown 34.8 Tiirkiye Winter
Clli-1400* 6.18 blue brown 38.2 Tiirkiye Spring
Clli-1412* 6.15 lightblue brown 35.3 Tiirkiye Spring
Clli-1370* 5.69 blue brown 35.0 Tiirkiye Spring
Clli-1423* 5.76 blue brown 34.6 Tiirkiye Spring

*The seeds used in the experiment were supplied by the United States Department of Agriculture (USDA). Yasar, 2023 and Yasar ve Yetissin,

2023.

Table 2. Location information
Cizelge 2. Lokasyon koordinatlar:.

Location

Altitude (m)

Latitude

Longitude

TARM/ANKARA 840

39°57'19.58"K

32°48'51.31"D

Table 3. Climate data of the location.
Cizelge 3. Lokasyon iklim verileri.

Average Average Average Average
Months Temperature (°C) Temperature (°C) Precipitation (mm) Precipitation (mm)

2020-2021 2020-2021
October 16.8 11.5 22.2 22.7
November 5.4 5.7 3.8 29.1
December 4.7 0.9 19.2 37.7
January 2.0 -0.9 59.9 36.3
February 2.8 1.0 13.1 34
March 2.6 5.1 72.2 35.7
April 9.3 9.7 354 40.2
May 16.5 14.4 19.2 46.9
June 15.9 18.1 51.6 35.7
Total 296.6 318.3

Source: General Directorate of Meteorology-Ankara.

When the climate data from the experimental area is examined, there is not much difference between the

average temperature in the year of the experiment and the average temperature over many years. However.
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while the annual total precipitation for the long-term average was 318.3 mm the total precipitation amount
in the trial year was 296.6 mm.

Table 4. Trial area soil properties.
Cizelge 4. Deneme alani toprak ozellikleri.

Soil Constituency
Class

Organic Available Phosphorus

Depth (cm) Matter (%)  P:0s (kg ha)

pH  Salinity (dSm?) Lime (%)

0-40 CL 738 1.18 28 1.63 97

When the results in Table 4 are examined; the soil is clayey-loamy. poor in organic matter 1.63%. the
amount of available phosphorus is 9.7% it has a slightly alkaline (pH=7.7- 7.8) and calcareous soil (28%)
and the salt content is low (1.18 dS m).

The study was established in the field of Ankara Field Crops Central Research Institute in 2021 with 10
varieties according to the Randomized Complete Block Design with 3 replications (A¢ikgoz, 1993). In the
experiment row spacing was 20 cm plot length was 4 m and 6 rows were planted on April 5. 2021 (Tungtiirk,
2007). Trial sowing was done manually on the opened incisors. In the experiment. organomineral
fertilization was made at a rate of 100 kg per hectare. Weed hoeing was done when the plants were 10-12
cm. The experiment was irrigated twice, one as emerged and the other before flowering.

The harvest of the experiment was done on August 20. 2021. during the yellow ripening period. In the
harvest, one row from each side and 0.5 m from the ends of the parcels were not harvested as an edge effect
(Tungtiirk, 2007). In addition, 10 plants were taken from the harvest area of each parcel before harvesting,
plant height, first branch height, number of branches per plant, number of seeds in the capsule, 1000 seed
weight and number of encapsulated branches per plant were determined. Seed yield per hectare was
determined from the product obtained from the harvest area. The oil ratio to be used in the calculation of
the oil yield and the protein ratio to be used in the calculation of the protein yield were examined from the
seeds of 10 plants taken from the plots.

Fixed oil ratio analyses were performed using the Soxhlet device and protein ratio analyses were performed
using the Kjeldahl method. Statistical analyzes of the obtained values were made using the 'JTMP"' statistical
program and the differences between the averages were tested with the Duncan multiple comparison
method.

RESULTS AND DISCUSSION
The analysis of the variance table (Table 5) of the values of the properties examined in the experiment and
the table of the mean values and the formed groups (Table 6) are given below.

Table 5. Analysis of the variance table of the values of the traits examined in the trial.
Cizelge 5. Denemede imcelenen 6zelliklerin varyans analiz tablosu.

Number Number Number of .

.. First 1000 . .
Variation Plant of seeds of encapsulated Seed Oil Protein
Sources DF height in the branches branches per branch seed ield ield ield

8 PET height  weight 7 y y

capsule perplant plant

Replication 2 7.687** 0.132 0.3% 2.916* 4.908 0.022 2983 51.538 1.817
Varieties 9 30.039*  0.677* 0.59** 3.426™* 4.307 0.192  1213.42* 128.14 58.991*
Error 18 0.383 0.246 0.06 0.603 2.329 0.114 44774  53.146 23.14
Total 29 10.09**  0.372 0.24** 1.638** 3.121 0.132  675.06 76.311 32.796
CV (%) 1.08 4.16 5.82 2.82 6.02 6.38 14.57 1497 14.70

** p<0.01. *0.01<P<0.05. CV: coefficient of variation; DF: degrees of freedom
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When Table 5, where variance analysis values of the experiment are given, is examined, the difference
between the number of branches per plant and number of encapsulated branches per plant values of the
varieties is statistically significant at the level of 1%, the plant height, number of seeds in the capsule, seed
yield and protein yield values are statistically significant at the 5% level and the difference between the
values obtained from first branch height, 1000 seed weight and oil yield is significant, appears to be
statistically insignificant.

Table 6. Mean values of the traits examined in the experiment and the resulting groups.
Cizelge 6. Denemede incelenen Ozelliklerin ve elde edilen gruplarin ortalama degerleri.

Plant Number Number of Number of First Protein
.. . of seeds encapsulated branch 1000 seed  Seedyield Oilyield .

Varieties height in the branches branches per height weight(g) (kgha?) (kg ha?) yield

(cm) 1 per plant lant 4 ( g) gntis & & (kg ha)

capsule plan cm

Newtiirk 6352 12.7% 5.1@ 28.3 27.93 5.73 1313°¢ 463.9 303.3P
Clli-1370 613> 123 4.2 b 29.12 255 5.16 1520 & 510.4 294.9°b
Clli-1351 59.1¢ 11.8% 430 27.1 % 24.43 5.26 1400 be 467.6 341.4°
Sar1 85 56.849 123 3.8¢ 26.2°¢ 26.33 5.36 1540 @ 514.8 353.0%
Larnaka 555¢ 11.8% 4.2 bc 27.2 0 25.93 5.1 1216°¢ 391.2 288.7P
Clli-1423 555¢ 115% 4,00 27.4 0 24.36 4,96 1450 @° 478.7 306.3P
Clli-1400 55.3¢ 110° 3.9d 26.3°¢ 24.06 5.4 1736 @ 576.9 361.4%
Milas 549¢ 117% 430 289¢@ 24.6 5.33 1273°¢ 433.4 302.3P
Clli-1412 54.7¢ 115% 4,1 26.2°¢ 25.7 4.93 180.62 59.97 42852
Dillman 5427 120 5.02 27.9® 24.46 5.56 126.3°¢ 42.96 2920

When the values in Table 6 are examined, it is seen that there are six different groups in plant height values,
the highest plant height was obtained in Newtiirk variety with 63.5 cm, while the lowest plant height was
obtained in Dillman variety with 54.2 cm. When studies on flax are examined, it is seen that the plant height
is in the range of 30-70 cm (Gilbertson, 1993; Karaaslan and Tonger, 2001; Akgalican et al., 2003; Tungtiirk,
2007; Yildirim and Arslan, 2013; Giingor, 2020; Kushwaha et al., 2019; Aydin, 2020). In the study of Taddese
and Tenaye (2018) in Ethiopia to see the effect of nitrogen on flax fiber yield, the plant height was obtained
as 53.6-62.9 cm. It is seen that these obtained values give results at the same level as in the study. The values
of 38.9-47.4 cm were reported by Gilingor (2020) in the study carried out with the Sar1-85 variety by applying
different nitrogen and phosphorus levels. were obtained. Tungctiirk and Tungtiirk (2021) reported that plant
height in the Sar1-85 variety was between 36.9 and 44.1 cm when they investigated the effects of different
planting times and phosphorus doses on flax yield and quality traits. It is seen that the values obtained in
the studies are less than the values obtained in our study. It is reported that increasing plant height can
increase the yield of the plant and the quality of the product. as it increases the number of branches and
surface area in the plant and increases the production of dry matter in the plant due to the increase in the
surface where photosynthesis takes place (Fischer and Maurer, 1978; Salisbury and Ross, 1985). It is
reported that 50-70 cm plant height is suitable for oil flax (Karaaslan and Tonger, 2001). It is reported that
a plant height of 40-65 cm is more suitable for oilseed flax genotypes (Ali et al.. 2016; Maurya et al.. 2017).

Branching in oil flax is one of the traits that directly affect the seed yield (Endes, 2010; Kara, 2014). Although
branching is a genotypic trait in flax. It can vary depending on the sowing density. In dense sowing, plants
may compete with each other for growth and form less encapsulated branches. On the contrary. in sparse
sowing. If sufficient environmental conditions are available, the plant can create many branches in
accordance with its existing genetic potential (Endes, 2010; Ors and Oztiirk, 2018; Han, 2019; Aydin, 2020).
The highest branch number value of 5.1 per plant was observed in the Newtiirk variety. The lowest branch
number value was obtained from Sar1 85 variety with 3.8 per plant and all the values obtained were
statistically in four different groups. appears to have formed. The values obtained from the study were
higher than Tunctiirk's (2007) 3.4 -3.7 per plant, lower than the 6.1 -11.6 per plant value of Han (2019) and
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Glingor (2020) were found to be compatible with 3.9 -5.8 per plant and 4.4 -7.2 per plant for Kushwaha et
al. (2019).

Studies show that the number of encapsulated branches in the flax plant can vary between 1-43 and can
vary with the effect of genetic structure and environmental factors (Bazzaz and Harper, 1976; Gubbels,
1978; Elsahookie, 1978; Yildirim, 1998; Gabiana et al., 2005; Hall et al., 2016; Aydin, 2020). When the
environmental conditions are sufficient for the variety, the yield is expected to increase in parallel with the
increase in the number of encapsulated branches. When Table 6 is examined, it is seen that the number of
encapsulated branches is in parallel with the yield values. In the study, three different groups were formed
in the number of encapsulated branches per plant and the highest number of encapsulated branches was
obtained in Clli 1370 with 29.1 while the lowest number of encapsulated branches was obtained in Clli 1400
with 26.3. The obtained values support the studies carried out.

Seed yield is one of the most considered selection criteria for field crops grown for seed. Seed yield is a trait
that is affected by more than one factor. Many studies are showing that this situation is valid for the flax
plant (Bazzaz and Harper, 1976; Elsahookie, 1978; Khurana and Dubey, 1988; Yildirim, 2005; Tungtiirk,
2007; Smykal et al., 2011; Kara, 2014; Giingor, 20209; Han, 2019; Asadi et al., 2019; Kushwaha et al., 2019;
Aydin, 2020). The study found three groups of seed yield, with Clli 1412 variety having the highest yield
with 1806 kg ha-1, while the lowest seed yield was obtained in Larnaca variety with 1216 kg ha-1. Data
from the study, Ghatak et al. (1990) 311-579 kg ha!, Uzun (1992) 591-799 kg ha", Bassi and Badiyala (1992)
566-931 kg ha, Diri (1996) 234 -1235 kg ha' and Geleta (1999) 459-521 kg ha', Asadi et al. (2019) 315-945
kg ha', Giingor (2020) 244-460 kg ha'!, Han (2019) 729-1429 kg ha, Kurt et al. (2005) 1097-2747 kg ha™
values, Incekara (1979)'s 400-1500 kg ha!, Dorell (1973)'s 500-1400 kg ha‘!, Elsahookie (1978)'s 1261-1380 kg
ha!, Gubbels (1978)'s 1000- 1410 kg ha, Singh et al. (1985) 981-1930 kg ha!, Popa (1986) 1250-1850 kg ha-,
Tabara (1987) 1360-1750 kg ha, Khurana and Dubey (1988) 830 -1064 kg ha"!, Gubbels and Kenaschuk
(1989) 1100-1240 kg ha!, Awasthi et al. (1989) 868-1246 kg ha!, Khander and Sharma (1990) 800-1950 kg ha-
1, Yadav et al. (1990) 810-1270 kg hal. Dubey and Singh (1994) 1040-1590 kg ha'. Qiang and Mi (1996) 729-
1425 kg ha, Yildirim (1998) 400-1630 kg ha!, Kushwaha et al. (2019) 1333-1695 kg ha' and Aydin (2020)
573-1898 kg ha! It was consistent with the values.

Seed yield and oil ratio are two factors that together determine oil yield. Any factor that affects one or both
of these factors will also affect oil yield. Both seed yield and oil ratio are traits that are highly affected by
environmental conditions as well as genetic structure. In fact, the plant has a genetic capacity and this
capacity is fully revealed only with the effect of suitable environmental conditions. In other words, as
environmental conditions change in a negative way. These two traits are affected in the same way in
parallel. As a result, oil yield is negatively affected. When the values obtained from the study are examined,
it is seen that the oil yield varies between 391.2 kg ha! to 599.7 kg ha, although there was no statistical
difference between the varieties, the highest value was obtained from Clli 1412 variety and the lowest value
was obtained from Larnaca variety. Obtained oil yield values are higher than Tungctiirk (2007)'s 376 -399 kg
ha, Glingor (2020)'s 55 -173 kg ha' and Asadi et al.(2019)'s 108 -325 kg ha, It was found to be compatible
with Han (2019)'s value of 214 -601 kg ha.

Protein yield directly affects seed yield and protein ratio. Increasing either or both of these will naturally
increase the amount of protein yield to be obtained from the hectare. When evaluated from this point of
view, if the protein ratio of the variety with the highest seed yield is at an acceptable level, it is expected
that the protein yield will be high. When the protein yield values are examined, it is seen that the highest
value was obtained in Clli 1412 variety with 428.5 kg ha"!, the lowest value was obtained in Dillman variety
with 292.0 kg ha'! and the values obtained from the study statistically formed two different groups. The
obtained values were found to be higher than Tungtiirk's (2007) 215 -234 kg ha! and Aydin (2020) 221 -280
kg ha' values. This can be explained by the effect of genotype x environment interaction.

1000 seed weight is an important selection criterion in cultivated plants grown for their seeds and it is a
desired trait to be high (Vollman and Rajcan, 2009; Kara, 2014). Although 1000 seed weight is a genotypic
trait, it may decrease with the effect of insufficient environmental conditions or the effect of densing
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sowing. When the values obtained from the study are examined, it is seen that the highest 1000 seed weight
was obtained from Newtiirk variety with 5.73 g and the lowest 1000 seed weight was obtained from Clli
1412 varieties. although there was no statistical difference between the varieties. Data obtained from the
study, Ghanbari-odivi et al. (2013) 5.0-5.3 g Yildirim (2005) 3.5-7.2 g Diri (1996) 5.3-7.0 g and Aydin (2020)
4.8-7.1 g, It is compatible with values.

It is reported that the capsule of the flax plant is genetically composed of 2 compartments. each
compartment consists of 5 carpels. and a capsule can produce 10 seeds (Durrant, 1976; incekara, 1979). In
addition, it is reported that the number of seeds in the capsule of the flax plant can vary with the effect of
genetic structure and environmental conditions (Akgalican et al., 2003; Bozkurt and Kurt, 2007). According
to the results obtained from the study, three different groups were formed in the values of the number of
seeds in the capsule. and the highest number of seeds was obtained in Newtiirk variety with 12.7, while
the lowest number of seeds was obtained in Clli 1400 variety with 11.0. These values are 7.0-7.2 by
Elsahookie (1978), 6.0-8.0 by Crowley (1988), 6.1-7.1 by Khurana and Dubey (1988), Yadav et al. (1990) 6.1-
8.1 and Yildirim (2005) 8.0-9.0.

Although the height of the first branch differs according to the fiber and oil types. In general, in terms of
suitability for machine harvesting, the first branch height in oil flax is desired to be at a height where the
combined harvester table can harvest the encapsulated branches. On the other hand, an increase in the
number of branches in oily varieties will lead to an increase in seed yield due to an increase in the number
of capsules in fiber flax. On the other hand, since the aim is not seed yield, starting branching from above
is a desirable feature in terms of increasing the technical stem length (Yildirim and Arslan, 2013; Kara,
2014). Studies on oil flax show that the height of the first branch is between 12-45 cm (Gubbels, 197§;
Diepenbrock and Iwerson, 1989; Endes, 2010; Kara, 2014; Ors and Oztiirk, 2018; Aydin, 2020). Although
there was no statistical difference between the varieties, the highest number of branches was obtained in
the Newtlirk variety with 5.1 while the lowest number of branches was obtained in the Sar1 85 variety with
3.8. Although there was no statistical difference between the varieties, the highest number of branches was
obtained in the Newtiirk variety with 5.1 while the lowest number of branches was obtained in the Sar1 85
variety with 3.8. The first branch height is a genetic trait, but it is a trait that can be affected by
environmental conditions, especially dense sowing.

CONCLUSION

When the 10 flax varieties were evaluated as a whole in terms of the investigated traits in Ankara ecological
conditions, the highest seed yield (1806 kg ha), oil yield (599.7 kg ha') and protein yield (428.5 kg ha")
were obtained in Clli 1412 variety. This was followed by Clli 1400 cultivars with 1736 kg ha! seed yield,
361.4 kg ha! oil yield and 361.4 kg ha protein yield. However, it was concluded that all varieties used in
the study can be recommended in Ankara ecological conditions in terms of yield and yield components.
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Abstract: The importance of producing safe and high-quality food is on the rise, and developing durum wheat varieties with low aluminum content is
crucial in meeting this demand. Breeders can achieve this goal by developing new varieties that are more resistant to aluminum uptake. To reach this
purpose, aluminum levels in a diverse collection of durum wheat genotypes were evaluated, including Turkish-released cultivars and local landraces,
by using inductively coupled plasma mass spectrometry was used. The results revealed that genotypes ranged from 0.9 to 24.6 mg kg-1, with an average
of 3.31 mg kg-1, while 93.1% of them had a low content of <5 mg kg-1. A genome-wide association study is a robust method for uncovering genetic
variations linked to specific traits. In this study, two marker-trait associations were identified on chromosomes 2A and 3A, which explained a phenotypic
variation of 14 and 71%. These findings highlight the need for continued monitoring to ensure safe and healthy food for consumers and suggest that
collaborative genome-wide association studies and marker-assisted selection can accelerate the development of new durum wheat varieties with reduced
aluminum levels. However, further research is necessary to confirm and validate the genetic factors contributing to aluminum content variation among
different durum wheat genotypes, although the study's methodology was robust.

Keywords: Durum wheat, Aluminum, SSR, GWAS, MTA.

&

Oz: Giivenli ve kaliteli gida iiretmenin 6nemi her gegen giin artmakta ve bu talebin karsilanmasinda aliiminyum igerigi diisiik durum bugday1
gesitlerinin gelistirilmesi biiyiik 6nem tagimaktadir. Islahgilar, aliiminyum alimina daha direngli yeni gesitler gelistirerek bu hedefe ulasabilmeyi
amaclamaktadir. Bu amaca ulagsmak i¢in, Tiirkiye'de piyasaya siiriilen modern cesitler ve eski yerel gesitler de dahil olmak iizere gesitli makarnalik
bugday genotiplerinin bulundugu bir koleksiyonda genotiplerin aliiminyum seviyeleri, endiiktif olarak eslestirilmis plazma kiitle spektrometresi
kullamlarak degerlendirilmistir. Sonuglar, genotiplerin 0.9 ila 24.6 mg kg arasinda degistigini, ortalama 3.31 mg kg oldugunu, bunlarin %93.1'inin <5
mg kg gibi diisiik bir igerige sahip oldugunu ortaya koymaktadir. Genom ¢apinda iligkilendirme ¢alismas: 6nemli 6zelliklerle iligkili genetik varyasyou
agiga ¢ikarmada gok giiclii bir tekniktir. Bu ¢alismada, 2A ve 3A kromozomlar: iizerinde bulunan ve %14 ve %71'lik bir fenotipik varyasyonu agiklayan
iki markor-ozellik iligkisi tanimlamigtir. Bu bulgular, tiiketiciler igin giivenli ve saglikli gida saglamak igin siirekli takip ihtiyacini vurgulamakta ve
genom capinda iliskilendirme ¢aligmalarinin ve markor destekli seleksiyon yardimiyla, aliiminyum seviyeleri azaltilmis yeni durum bugdayi gesitlerinin
gelistirilmesini hizlandirabilecegini &ne siirmektedir. Bununla birlikte, calismanin metodolojisi saglam olmasina ragmen, farkli makarnalik bugday
genotipleri arasindaki aliiminyum igerigi varyasyonuna katkida bulunan genetik faktorlerin dogrulanmasi i¢in daha fazla aragtirma yapilmasi
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INTRODUCTION

Durum wheat (Triticum turgidum, L.) is a crucial cereal crop and a rich source of dietary fiber, protein,
vitamins, and minerals. Its high protein content makes it suitable for a wide range of end-products of
traditional food items (Zingale et al., 2023). Durum wheat accounts for approximately 8% of global wheat
production, with the majority (75%) grown in the Mediterranean region, as noted by Alsaleh et al. (2019).
According to Mulugeta et al. (2023), Canada and Tiirkiye are the largest producers of Durum wheat.
However, Triticum turgidum has a genetic propensity to accumulate elements from the soil in its grains,
which can exceed international safety standards as indicated by Delhaize et al. (2012), Garcia-Oliveira et
al. (2016), and Liu et al. (2018) and they reported that genetic factors play a significant role in the extent
of aluminum accumulation in the grains of various durum wheat cultivars (Mello et al., 2023). Aluminum
(Al) is a common element in the earth's crust and is often found in high concentrations in acidic soils
(Mello et al., 2023). While aluminum is an essential micronutrient for durum wheat growth in small
amounts, as it can improve root growth, enhance nutrient uptake, and raise plant resistance to biotic and
abiotic stresses, it can become harmful to plants when present in excess (Ofoe et al., 2023). High levels of
aluminum in the soil can limit root growth, reduce nutrient uptake in plants, and lead to stunted growth,
chlorosis, and reduced crop yields and quality (Maksimovic¢ et al., 2020). Aluminum can be taken up by
plant roots and transported to the aboveground tissues of plants, including durum wheat seeds.
According to Szabd et al. (2015), wheat roots contain higher concentrations of aluminum compared to the
aerial parts, indicating limited translocation of the element. However, the accumulation of aluminum in
durum wheat grains can vary depending on various factors, such as the concentration of aluminum in
the soil, the duration of exposure, and the plant's genetic makeup (Mello et al., 2023). Some genotypes
exhibit higher levels of aluminum accumulation than others. For instance, Gupta et al. (2013),
Maksimovic¢ et al. (2020), and Rahman et al. (2018) found that the amount of aluminum accumulated in
durum wheat seeds varied considerably depending on the genotype of the plant. The presence of high
levels of aluminum in durum wheat seeds can have significant implications for the health of humans and
animals. Studies have linked increased aluminum intake to several health problems, including
Alzheimer's disease, kidney disease, and bone disorders (Mello et al., 2023). Nevertheless, access to
sufficient quantities of well-balanced food is a fundamental right of every individual on the planet (Yeken
et al., 2019). Breeding crops with essential traits like productivity, seed quality, elemental content, biotic
and abiotic stress resistance, among others, is required to meet the rising global food demand. To achieve
this, crop improvement programs aim to utilize natural genetic diversity to the fullest extent possible,
thus improving selection efficiency (Yeken et al., 2018). Although the soils in southern Tiirkiye, the center
of durum wheat cultivation, are not acidic, as no research or reports were received in this regard.
However, ideally, limiting the buildup of aluminum in durum wheat grains is advisable, and cultivating
strains of durum wheat may be a viable approach to mitigate the adverse consequences of aluminum
toxicity on the grains. These strains can cultivate and yield grains with minimal levels of aluminum.
Therefore, it is necessary to survey aluminum levels in durum wheat grains and use biotechnology tools
such as DNA molecular markers to detect the loci of genes associated with high or low aluminum
concentrations. By harnessing the power of molecular markers, such as Simple Sequence Repeats (SSR),
durum wheat breeders can develop new cultivars that thrive in diverse environments at higher speeds.
Unlike conventional breeding methods, molecular markers enable breeders to quickly and accurately
identify plants that exhibit the desired traits (Alsaleh et al., 2019). SSRs are especially useful in detecting
genetic variation in individuals (Nadeem et al., 2018) and can be harnessed for genome-wide association
studies (GWAS) and marker-assisted selection (MAS), as indicated by Vieira et al. (2016). A study by
(Baloch et al., 2017) and Frouin et al. (2019 has shown that GWAS can be a powerful tool for identifying
genetic markers associated with crucial traits in durum wheat. This approach is not only more precise
and cost-effective than traditional breeding methods but can also more quickly pinpoint genetic markers
linked to aluminum accumulation (Tam et al., 2019). Armed with this information, durum wheat breeders
can use MAS to develop a more effective program and evaluate desirable traits in the early generations.
Despite the important role that durum wheat plays in Tiirkiye, there is a deficiency of systematic studies
assessing the aluminum content in durum wheat germplasms from this vital region. To address this issue,
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a study seems urgent using various durum wheat genotypes to evaluate the variability in phenotypic
and genetic aluminum content. Firstly, the phenotypic variation of Al content will be measured and
evaluated. Secondly, DNA markers will be employed to screen for genetic polymorphisms. Finally, a
GWAS will be conducted to identify the marker-trait associations (MTAs) responsible for the diversity in
aluminum content. Once identified, the relevant markers will be thoroughly investigated to locate
potential candidate gene locations. These locations can then be incorporated into MAS programs, which
aim to cultivate durum wheat varieties with minimal or no levels of aluminum, making them excellent
candidates as breeding parents in breeding programs.

MATERIAL AND METHOD

Plant Material

For this study, 130 genotypes of durum wheat (Triticum turgidum L.) were used as plant material to
explore genetic variation (Alsaleh et al., 2022a) (Supplementary Table 1). The genotypes were grown
during the 2019-2020 growing season at the research field of Cukurova University, Adana, Tiirkiye, to
get fresh and healthy seeds for the study. Standard agricultural practices were followed, such as
irrigation, fertilization, and pest and disease management. The harvested grains samples were stored in
dry and cool storage until they were used for elemental composition analysis at Yozgat Bozok University,

Yozgat, Tiirkiye. These grains were also subjected to several toxic element analyses reported by Alsaleh
et al. (2022b) and Alsaleh (2022c).

Isolation of Genomic DNA and SSR Analysis

In February 2020, fresh leaves were obtained for the purpose of isolating genomic DNA and performing
SSR analysis. The CTAB protocol was employed at the Laboratory of BILTEM, Yozgat Bozok University,
Yozgat-Tiirkiye (Alsaleh, 2022c). The consequent DNA was evaluated for both quantity and quality using
8% agarose gel electrophoresis. Following isolation, the DNA was diluted to a concentration of 10 ng pl-
1 and used for SSR analysis. The same DNA was utilized and reported by Alsaleh et al. (2022b) and
Alsaleh (2022c) for Cadmium and Platinum investigations. Microsatellite primers were selected to cover
a variety of segments of durum wheat chromosomes (Supplementary Table 2). In Alsaleh's 2022c
research, the same set of eighty-two SSR primers was utilized to detect a recently discovered QTL linked
with platinum accumulation. Supplementary Table 2 provides an overview of the SSR primers and their
relevant information used in the research. The M13-tailed primer approach, based on Alsaleh et al.
(2022a), was employed to amplify the SSR region through PCR. The final PCR reaction volume was 12
pl, containing 1X buffer, 0.125 mM dNTPs, 0.4 pmol "M13" forward primer, 0.3 pmol reverse primers, 3.0
pmol universal M13 primer labeled with one of four fluorescent dyes (6-FAM, VIC, NED, or PET), 0.12U
Taq DNA polymerase, and approximately 25 ng genomic DNA. The PCR amplification cycle began with
primary denaturation at 94° C for 5 minutes, followed by 30 cycles of 94 °C for 1 minute, 55 to 65 °C
(depending on the annealing temperature of the primers) for 1 minute, and 72° C for 1 minute. This was
followed by eight cycles of 94° C for 30 seconds, 53° C for 45 seconds, and 72° C for 45 seconds. The final
extension was 72° C for 10 minutes. The accuracy of the SSR fragments was verified twice using Gene
Mapper software v3.7 (Applied Biosystems) in accordance with the manufacturer's instructions. The
individual bands of the SSR were analyzed, and the binary scoring method was used to assign a '1' for
the presence of bands and a '0’ for their absence. This technique facilitates the evaluation and statistical
analysis of co-dominant SSR data, as reported by Kaya et al. (2016). Finally, the PCR products were
subjected to fragment analysis and loaded onto the ABI 3130xl Genetic Analyzer device (Applied
Biosystems).

Aluminum Analysis

The study conducted an aluminum analysis by manually harvesting three spikes of each genotype, one
from each replication, and then threshing them by hand to obtain the grains. Soil samples were collected
from the experimental field at Cukurova University in Adana. To reduce analytical investigation costs,
the seeds from three replications of each genotype were combined, milled, and dried in an oven. The
resulting mixed flour was then dissolved in an acidic solution using the "HPR-FO-52" procedure for
wheat flour by the SK-10 high-pressure rotor microwave digestion system (ETHOS EASY Milestone,
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Italy) at a concentration of 0.5 g. After digestion, the samples were cooled to room temperature and
diluted with 10% v v-! nitric acid up to 20 ml for analysis of aluminum content using Inductively Coupled
Plasma Mass Spectrometry (ICP-MS) (Thermo Scientific ICAPQC, USA). The ICP-MS settings were 1550
W for radiofrequency power, 0.96 L min for nebulizer gas, 0.88 L min for plasma gas, 3.01 bar for
nebulizer pressure, dwell time of 0.01 ms, and a spray chamber temperature of 3.7°C. To ensure accuracy,
the entire sample and standards underwent three repeated measurements. The digestion and aluminum
measurement (ICP-MS) procedures were conducted at BILTEM laboratories located at Yozgat Bozok
University, Tiirkiye.

Phenotypic Statistical Analysis

In this study, durum wheat genotypes were analyzed to investigate the variation in aluminum content
and distribution of phenotypic frequency among different cultivars and landraces. The panel was divided
into four groups based on their origin, including 50 Turkish cultivars (Turkish CVs), 21 foreign cultivars
(foreign CVs), 44 Izmir gene bank landraces (ex-situ LDs), and 15 locally grown landraces (in-situ LDs).
Statistical analysis was conducted using Microsoft Excel software to perform ANOVA analysis for each
group.

Marker-trait Investigation Analysis

The proportion of phenotypic variation explained by aluminum content for each marker was estimated
using the R2 value in TASSEL 5 (Glaubitz et al., 2014). To determine significant associations, the
Bonferroni threshold for multiple testing and an adjusted corrective threshold were applied (Kaler and
Purcell, 2019). Precisely, the 5% Bonferroni threshold for multiple comparisons was used, resulting in 337
markers being included in the current GWAS.

RESULTS AND DISCUSSION

Phenotypic Variations for Aluminum Contents

Although Tiirkiye, being a primary hub of wheat cultivation, plays a crucial role in facilitating the
dissemination of diverse crops across different continents (Arystanbekkyzy et al., 2019), durum wheat is
a major staple food crop that has the potential to accumulate aluminum in its grain, leading to negative
effects on its yield and quality (Maksimovi¢ et al., 2020; Szab¢6 et al. 2015). The degree of aluminum
accumulation varies among different genotypes and is influenced by environmental factors such as soil
acidity, and safe levels of aluminum in soil vary globally and depend on factors such as soil type and
intended use. Various organizations have established guidelines and limits for aluminum in the soil to
protect human health and the environment. For instance, the European Union (2012) has appointed a
limit of 2000 mg kg of soil dry weight for aluminum in agricultural soils. Despite the high concentration
of aluminum found in the soil analysis of the experiment site (8312 mg kg ') (Table 1), which exceeds the
established needs of the EU, there is no significant risk due to the soil's neutral pH level of 7.8 (Table 1).

Table 1. Soil analyses of trial area.
Cizelge 1. Deneme Alanimin Toprak Analizleri.

Structure Yommmmmmmmmmmmm e e mg kg1 -------mmmmmm-
pH EC Soil Texture  Lime Organic N p K Fe Zn Mn Cu Al
(dSm?1)  class matter
7.6 0.24 C Silt-loam ~ 29.1 13 012 0.0011 004 29 05 88 16 8312

Reference: Laboratory analyses results of Soil Science and Plant Nutrition Department of Cukurova University

This neutral pH level does not contribute to increased aluminum toxicity, mitigating the potential
negative effects of the high aluminum concentration. As a result, no reports of aluminum toxicity have
been observed in the soil of durum wheat cultivation areas in Tiirkiye. Aluminum is a natural occurrence
in food, making it impossible to fully eliminate it from our diet. However, the scientific society is
concerned with reducing the average daily consumption of aluminum in food. The absence of established
international safe levels of aluminum in durum wheat grains makes it desirable to minimize aluminum
accumulation in these grains. The concentration of aluminum in wheat flour varies significantly across
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regions, an example: higher values were found in China (Ma et al., 2019) than in Germany (Stahl et al.,
2011). On average, cereal products contain 4 mg kg of aluminum, but the content can range from 1 to
737 mg kg (Stahl et al,, 2011). Therefore, breeding varieties that produce grains with low ranks of
aluminum is a crucial strategy to address this issue. Therefore, before executing this strategy, it is
necessary to measure the aluminum content of different durum germplasms. Regarding our durum
wheat genotypes, the "Kiimbet-2000" Turkish cultivar had the lowest aluminum content at 0.9 mg kg,
while the in-situ landrace "Iskenderiye" had the highest content at 24.6 mg kg. The average aluminum
content for all tested genotypes was 3.31 mg kg, with 93.1% exhibiting low levels between 0.9 and 5 mg
kg1 (Table 2, Figure 1a). Foreign cultivars had aluminum content levels between 1.6 and 3.3 mg kg1, with
an average of 2.11 mg kg, while Turkish cultivars had a content range of 0.9 to 5.1 mg kg, with an
average of 2.38 mg kg, and 98% of them had a content of 0.9 to 5 mg kg (Table 2, Figures 1b & 2).
Regarding our studied landraces, In situ landraces had higher aluminum content levels, ranging from 2.3
to 24.6 mg kg1, with an average of 6.05 mg kg1, and 20% of them had a content exceeding 5 mg kg (Table
2, Figure 1b & 2). Ex-situ landraces had slightly lower aluminum contents compared to in-situ landraces,
ranging from 1.70 to 20.7 mg kg, with an average of 3.99 mg kg'. Roughly 11.4% of ex-situ landraces
showed aluminum content over 5 mg kg (Table 2, Figures 1b & 2). Out of the entire panel, six genotypes
had the highest aluminum content, all of which were landraces. Among these, four were from ex-situ "TR
31902 -Malatya", "TR 81278 -Ankara", "TR 46881 -Erzincan", and "TR 54977 -Yozgat" with aluminum
levels 0of 12.8,16.1, 17.6, and 20.7 mg kg, respectively. The remaining two genotypes with high aluminum
content were "Mersiniye" and "Iskenderiye" from the in-situ group, showing aluminum levels of 19.4 and
24.6 mg kg1, respectively (Table 2).

Table 2. Aluminum Content in Cultivars and Landraces Using ICP-MS Analysis.
Cizelge 2. ICP-MS Analizi Kullamilarak Modern ve Yerel Cesitlerdeki Aliiminyum fgerigi.
Genotype  Alcontent  Genotype  Alcontent  Genotype  Alcontent  Genotype Al content

No (mg kg™) No (mg kg™) No (mg kg™) No (mg kg™)
1 5.1 35 2.8 69 1.9 103 25
2 43 36 22 70 2.0 104 2.4
3 3.1 37 2.7 71 33 105 3.8
4 3.1 38 1.8 72 24 106 22
5 23 39 1.9 73 9.9 107 1.8
6 32 40 2.1 74 1.9 108 24
7 43 41 1.7 75 1.9 109 16.1
8 23 42 2.1 76 25 110 1.7
9 3.7 43 1.7 77 26 111 2.6
10 2.4 44 23 78 26 112 2.0
1 25 45 1.4 79 2.7 113 3.6
12 0.9 46 23 80 3.1 114 1.7
13 1.8 47 2.8 81 22 115 2.0
14 23 48 2.0 82 17.6 116 4.7
15 1.4 49 2.0 83 24 117 3.8
16 1.9 50 2.8 84 24 118 19.4
17 1.9 51 1.7 85 29 119 32
18 25 52 25 86 3.8 120 2.4
19 1.7 53 1.6 87 25 121 2.7
20 1.7 54 24 88 22 122 2.7
21 2.4 55 22 89 2.1 123 45
22 2.1 56 2.0 90 23 124 3.9
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Table 2. Aluminum Content in Cultivars and Landraces Using ICP-MS Analysis (continued).
Cizelge 2. ICP-MS Analizi Kullanilarak Modern ve Yerel Cesitlerdeki Aliiminyum Icerigi (devam etti).

Genotype  Alcontent  Genotype  Alcontent  Genotype  Alcontent  Genotype Al content

No (mg kg1) No (mg kg1) No (mg kg1) No (mg kg1)
23 15 57 1.6 91 20.7 125 4.6
24 2.6 58 2.0 92 24 126 25
25 2.9 59 3.0 93 2.1 127 24.6
26 1.7 60 24 94 25 128 6.8
27 1.3 61 2.3 95 1.9 129 23
28 24 62 1.6 96 41 130 25
29 2.1 63 19 97 3.7 Min 0.9
30 2.5 64 2.2 98 3.0 Max 24.6
31 3.6 65 1.7 99 2.7 Average 3.31
32 2.0 66 2.7 100 12.8 STDS 3.61
33 2.9 67 17 101 2.2

34 2.2 68 1.7 102 2.5

Compared to a study on unprocessed wheat grain samples from China, our studied genotypes had a
lower range and inferior average aluminum content of 3.31 mg kg'. The researchers found aluminum
values ranging from 2.4 to 31.6 mg kg, with a mean of 11 + 6 mg kg, and roughly 80% of the samples
had values ranging from 5 to 20 mg kg (Liang et al., 2019; Nanda et al., 2016; Szab¢ et al., 2015) while
93.1% of our studied genotypes exhibiting less than 5 mg kg (Table 2, Figure 1a). The frequency
distribution of aluminum concentrations in the panel's grain was split into four groups according to the
source of the genotypes. Notably, both foreign and Turkish cultivars had lower overall aluminum
percentages than in-situ or ex-situ landraces, with values of 2.11 and 2.38 mg kg7, respectively.
Conversely, the in-situ and ex-situ landrace groups had the highest average aluminum contents, at 6.05
and 3.99 mg kg, respectively (Figure 1b). This indicates that the average aluminum content among the
groups can be ranked as follows: in-situ landraces > ex-situ landraces > Turkish cultivars > foreign
cultivars. These findings suggest that the geographical origin of genotypes may affect their aluminum
levels, with foreign genotypes having lower levels of aluminum than Turkish genotypes.
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Distribution frequency of Al (mg kg -1) in studied panel Average of Al concentrations among different groups of studied panel

Figure 1.(a) presents the frequency distribution of grain Aluminum concentrations for the entire panel. (b), the
frequency distribution of grain Aluminum concentrations is displayed for each group individually. Finally.
Sekil 1(a): Tiim panel icin dane Aliiminyum konsantrasyonlarinin frekans dagilimim gostermektedir. (b), Her grup icin ayr
ayr1 dane Aliiminyum konsantrasyonlarimn frekans dagilimi gostermektedir.

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

267



Durum Wheat Breeding for Enhanced Safety and Nutritional Value: A GWAS Approach to Tackling Aluminum Uptake

60 25
20
15
10

5

No of genotypes
No of genotypes

0
=<1 115 5.1-10 10.1-15 15.1-20 20.1-25 225 <1 115 5.1-10 10.1-15 15.1-20 20.1-25 =25

Distribution frequency of Al (mg kg-1) in Turkish cvs Distribution frequency of Al (mg kg-1) in foreign cvs

15 50

10
5
0 E— —— —

=1 115 5.1-10 10.1-15  151-20 20.1-25 225

30
20

No of genotypes

=1 115 5110 101-15 151-20 20.1-25 =225

No of genotypes

Distribution frequency of Al (mg kg 1) in-situ LDs Distribution frequency of Al (mg kg-1) ex-situ LDs

Figure 2. illustrates the frequency distribution of the number of genotypes for each group separately.
Sekil 2. Her grup icin genotip sayisinin frekans dagilimini ayr1 ayri gostermektedir.

Exploring Genetic Variations and Associations With Markers and Traits

Researchers aim to identify genetic markers and traits linked to aluminum accumulation in durum wheat
to develop more resistant varieties. Understanding the genes involved in aluminum accumulation and
its impact on the plant can help to develop strategies to mitigate its harmful effects and improve the
overall yield and quality of durum wheat crops. As durum wheat is a staple food in many regions,
especially in Tiirkiye and meditation countries, high levels of aluminum in food can pose a risk to human
health (Agency for Toxic Substances and Disease Registry— ATSDR., 2008; Mello et al., 2023), therefore, it
is crucial to develop methods to reduce aluminum accumulation in durum wheat to ensure food safety
and promote human health like using molecular markers for GWAS. Microsatellites have been
previously recognized as effective markers in GWAS due to their ability to cover a wider genomic region
and offer several advantages, including higher resolution, greater inter-population variability, and
significant intrinsic applicability (Alsaleh, 2022c; Vali et al., 2008). Hence, this study employed
microsatellite primers. The investigation aimed to expedite the detection of the phenotype and
development of new durum wheat varieties with low Al levels. So, in this study, genotyping of 82 SSR
primers across genotypes identified 780 polymorphic markers. Markers with allele frequencies below
0.05 were excluded from GWAS, resulting in 337 markers used for analysis. To prevent false positive
associations, the study employed an MLM+Q+K model with population structure (Q) and kinship (K) as
covariates. The approach enabled the identification of significant MTAs associated with crop aluminum
content, as shown in Table 3 and the Manhattan plot (Figure 3).

Table 3. List of Markers Associated with Aluminum Content Using MLM (Q + K) Models.
Cizelge 3. MLM (Q + K) Modelleri Kullanilarak Aliiminyum Ierigiyle Mliskili Markérlerin Listesi.

Marker Chromosome ) MarkerR2
wmc522bp238 2A 1.79E-16 0.71
guwm369bp320 3A 9.88E-05 0.14

Two MTAs were identified, "wmc522bp238" and "gwm369bp320", which were associated with
accumulated grain aluminum content and explained a phenotypic variation of 14-71%. The MTA
"wmc522bp238", located on chromosome 2A, had the highest value in explaining the total phenotypic
variance (71%), while "gwm369bp320" was lying on 3A. Both MTAs were detected in the A genome,
indicating that the A genome may play a critical role in the genetic control of the aluminum accumulation
trait.
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Figure 3. Manhattan plot illustrating the genome-wide scan of SSR markers linked to Aluminum content. The plot
features a red horizontal dashed line indicating the significant SSRs associated with Aluminum content.
Sekil 3. Aliiminyum icerigine bagli SSR markdrlerinin genom capinda taramasin gosteren Manhattan grafigi. Aliiminyum

icerigi ile iliskili nemli SSR'lar sekil iizerindeki kirmuzi yatay kesikli ¢izgiyle gisterilmektedir.

GWAS here successfully identified the genetic factors responsible for aluminum accumulation in durum
wheat. The methodology used in this research was robust and provided valuable insights into the
relationship between the identified markers and the trait of interest. The use of GWAS as a tool for MAS
in crops will facilitate the identification of these associations. However, ensuing research endeavors are
necessary to confirm and validate the genetic elements responsible for the diversity in aluminum levels
observed among various types of durum wheat.

CONCLUSION

The purpose of the research was to evaluate the levels of aluminum in various genotypes of Turkish
durum wheat germplasm. The findings showed that the durum wheat genotypes investigated generally
had low levels of aluminum, which is crucial for ensuring food safety. Additionally, GWAS was
employed as a tool to pinpoint genetic factors responsible for aluminum accumulation in durum wheat.
The study successfully determined two significant marker-trait associations linked to aluminum
contents, which could be utilized in MAS. The robust methodology utilized in the study could enable the
development of new durum wheat varieties with low Al levels by identifying alleles associated with Al
content, thus reducing the time needed for breeders. However, it is required to perform further
investigations to validate the genetic factors contributing to the variation in Al content among diverse
durum wheat genotypes.
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Supplementary Table 1. outlines 130 genotypes that were evaluated for Aluminum assessments, including the
cultivars and landraces selected, their country of origins, release year, group, and pedigree.

Ek cizelge 1. Aliiminyum analizleri icin incelenen 130 genotipi, secilen modern ve yerel cesitleri, orijin iilkeleri, piyasa ¢tkma
yul1, grubu ve soyagaci dahil olmak iizere 6zetlemektedir

No Name Country Year Group Pedigree/collection side/ growing locations

1 Kunduru-1149 Tiirkiye 1967 TurkishCV ~ (S)LV-TUR

2 Cesit-1252 Tiirkiye 1999 Turkish CV  61-130/KUNDURU-414-44//377-2

3 Yilmaz-98 Tiirkiye 1998 Turkish CV  DF-9-71/3/V-2466//ND-61-130/414-44/4/ERGENE
o . ZF/LEEDS//FORAT/3/ND-61-

4 Yelken-2000 Tiirkiye 2000 Turkish CV 130/LEEDS/4/(TR.SE)AU-107/5/GERARDO
o . BARRIGON-YAQUI-ENANO/2*TEHUACAN-

5 Altin Tiirkiye 1998 Turkish CV 60//2B//LONGSHANKS/3/BERKMEN 469

6 Meram-2002 Tiirkiye 2002 Turkish CV  ND-61-130/414-44//CAKMAK-79

7 Dumlupinar Tiirkiye 2006 Turkish CV  BERKMEN/G-75-T-181
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Uluslararas: Tarim ve Yaban Hayat1 Bilimleri Dergisi https://dergipark.org.tr/tr/pub/ijaws

271


https://doi.org/10.3390/plants12030530

Durum Wheat Breeding for Enhanced Safety and Nutritional Value: A GWAS Approach to Tackling Aluminum Uptake

. g . STERNA,MEX/ALTAR-

8 S6len-2002 Tiirkiye 2002 Turkish CV 84/3/GANSO/FLAMINGO,MEX//CANDO

9 Altintoprak-98 Tiirkiye 1998 Turkish CV  ALTAR-84/ARAOS

10 Cakmak-79 Tiirkiye 1979 Turkish CV  UVEYIK-162/ND-61-130
CMK?79//14-44/OVIACHIC-

11 Eminbey Tiirkiye 2007 Turkish CV  65/3/BERKMEN/OVIACHIC-65/4/KUNDURU-
1149/5/LEEDS//DWARF-MUTANT/SARIBASAK

12 Kiimbet-2000 Tiirkiye 2000 Turkish CV  ND-61-130//414-44/377-2/3/DF-15-72
DF-21-72/GERARDO-VZ-466//ND-61-130/414-

13 Imren Tiirkiye 2009 Turkish CV  44/3/ERGENE/4/DF-21-72//ND-61-130/UVEYIK-
162/3/128-3
MAGHREBI-
72/(SIB)FLAMINGO,MEX//CRANE(SIB)/ND-USA-

14 Balcal1-2000 Tiirkiye 2000 Turkish CV  2299/3/(SIB)YAVAROS-
79/4/DACKIYE/(SIB)RABICORNO//(SIB)WINGET;
(SIB)STERNA,MEX
PELICANO/RUFF//GAVIOTA/ROLETTE;

15 Sham-1 Tiirkiye 1984 Turkish CV  PELICANO(SIB)/(SIB)RUFF//GAVIOTA(SIB)/(SIB)RO
LETTE
KOBAK-2916/LEEDS//6783/3/BERKMEN-

16 Ankara-98 Tiirkiye 1998 Turkish CV  469/7/CRANE/GANSO//APULICUM/3/DF-17-72/4/DI-
165137/GEDIZ-

17 Balcali-85 Tiirkiye 1985  TurkishCV  JORI-69(SIB)/(SIB)ANHINGA//(SIB)FLAMINGO,MEX

18 Fuatbey-2000 Tiirkiye 2000 TurkishCV -

19 ggiiak' Tiirkiye 1970 TurkishCV  (S)LV-TUR

20 Artuklu Tiirkiye 2008 Turkish CV LAHN//GANSO/STORK

21 Mirzabey-2000 Tiirkiye 2000 Turkish CV  GD-2/D-1184528

22 Aydin-93 Tiirkiye 1993 Turkish CV  JORI-69/HAURANI

. 1. . LD-393//BELADI-116-E/2*TEHUACAN-

23 Diyarbakir-81 Tiirkiye 1981 Turkish CV 60/3/COCORIT-71

24 Eyyubi Tiirkiye 2008 Turkish CV. = MORUS//ALTAR-84/ALONDRA

25 Selguklu-97 Tiirkiye 1997 Turkish CV  073-44*2/OVI1/3/DF-21-72//ND-61-130/UVEYIK-162

26 Fatasel-185/1 Tiirkiye 1964 Turkish CV  Selected from FATA bring from Burdur in 1952

27 Altinbag-95 Tiirkiye 1995 Turkish CV  KUNDURU//D-68111/WARD

28 Harran-95 Tiirkiye 1995  Turkish CV I;?gé%ﬁg/?csggsmcm s DURUM-DWARE-5-

29 Sariganak-98 Tiirkiye 1998 Turkish CV  DACKIYE/GEDIZ-75//USDA-575

30 Tuten-2002 Tiirkiye 2002 Turkish CV QE?R/AVETOROB/GANSO/FLAMINGO'MEX//CA

31 Turabi Tiirkiye 2004 Turkish CV  CRESO/CRANE

32 Ege-88 Tiirkiye 1988 Turkish CV  JORI-C-69/ANHINGA//FLAMINGO,MEX

33 Giiney yildiz1 Tiirkiye 2010 Turkish CV RASCON-39/TILD-1

Supplementary Table 1. outlines 130 genotypes that were evaluated for Aluminum assessments, including the
cultivars and landraces selected, their country of origins, release year, group, and pedigree (continued).

Ek gizelge 1. Aliiminyum analizleri icin incelenen 130 genotipi, seilen modern ve yerel ¢esitleri, orijin iilkeleri, piyasa ¢tkma
yili, grubu ve soyagact dahil olmak iizere ozetlemektedir (devam etti).

No Name Country Year  Group Pedigree/collection side/ growing locations
L _ SNIPE/3/JORI-C-69/CRANE/GANSO/ANHINGA;
3 Firat93 Téirkiye 2002 Turkish GV N HINGA(SIB)/(SIB)VOL/(SIB)FLAMINGO,MEX/3/SHAW
35  Sahinbey  Tiirkiye 2008 TurkishCV  Lagost-2 ICD.86-0471-ABL-OTR-8AP-0TR-20AP-OTR
3  Zihre Tiirkiye 2011 TurkishCV  SN-TURK-M-183-84-375/(SIB)NIGRIS//TANTLO-1
37 Giindas Tiirkiye 2012 TurkishCV  LGT3/4/BICRE/3/CHAM-1//GAVIOTA/STARKE
38 z)l;%akale' Tiirkiye 2002 TurkishCV ~ SCHELLENTE//CORMORANT/RUFFOUS/3/AJAIA
. L _ BUCK-BALCARCE//BARRIGON-YAQUI-
39 Gokgol-79 Tiirkiye 1979  Turkish CV ENANO*2/TEHUACAN-60
40  Amanos97  Tiirkiye 1997 TurkishCV ~ OSTRERO//CELTA/YAVAROS,AUS
41  Kuzltan91  Tiirkiye 1991 TurkishCV  UVEYIK-162/61-130/BARRIGON-YAQUI-ENANO*2/TE
FLAMINGO,MEX/GARZA//CANDEAL-
2 Ozberk Tiirkiye 2005 TurkishCV  1/GREBE/3/CENTRIFEN/FLAMINGO,MEX/PETREL/5/AKBAS
AK-073-44/YERLI/6/CAR
o
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Fg'S'/Gr'S’//Candeal 1/4/Grebe ‘S'/3/Ctfn/Fg’S’//Ptl
’S’/5/Akb.073.44/ye rli/6/Carc’S

44 Ceylan-95 Tiirkiye 1995  Turkish CV STORK(SIB)/(SIB)RABICORNO
SHWA//21563/ANHINGA/3/EGE-88; B.BAL//BARRIGON-

43 Urfa-2005 Tiirkiye 2005 Turkish CV

45 Salihli-92 Tiirkiye 1992  Turkish CV YAQUI-ENANO*2/TEHUACAN-60

46 Gap Tiirkiye 2004 Turkish CV GEDIZ 75(SIB)/(SIB)FLAMINGO,MEX//(SIB)TEAL, MEX

47 Soylu Tiirkiye 2012 Turkish CV -

48 Ali baba Tiirkiye 2010  Turkish CV AWALI-2/BITTERN

49 Tunca-79 Tiirkiye 1979  Turkish CV FATA(SEL.181-1)/ND-61-130//LEEDS

50 Saribasak Tiirkiye 1970  Turkish CV LV-TUR

51 Vatan Tadjikistan 1978  Foreign CV TADZHIKSKAYA-CHERNOKOLOSAYA/KHORANKA-46

52 Zenit Italy 1992 Foreign CV VALRICCARDO/VIC

53 Saragolia Italy 2004 Foreign CV IRIDE/LINEA-PSB-0114

54 Svevo Italy 1996  Foreign CV CIMMYT-SELECTION/ZENIT

55 Claudio Italy 2011  Foreign CV Sel.CIMMYT-35/Durango/ISEA-1938/Grazia

56 Baio Italy 1998  Foreign CV DUILLO/F-21//G-76

57 Ul-Darwin USA 2006  Foreign CV IDO-445/MANNING

58 UC1113 USA 2005 Foreign CV KIFS//RSS/BD-1419/3/MEXIS-CP/4/WAHAS/5/Y AVAROS-79

59 AC- . Canada 1999  Foreign CV WESTBRED-881/DT-367; DT-367/WESTBRED-881
Pathifinder

60 AC-. Canada 1999  Foreign CV KYLE/WESTBRED-881
Navigator

61 Floradur Austria 2003  Foreign CV HELIDUR/CIMMYT-4833

62 9 West bank - Foreign CV e

63 C43 West bank - Foreign CV e

D-27534/3/JORI(SIB)//LD-357-E/2*TEHU ACAN-60; LD-357-

64 Inbar West bank 1978  Foreign CV E/2*TEHUACAN-60//JORI-69; D-27534-13-M-4-Y-1-
M/3/JORI(SIB)//LD-357-E/2*TEHUACAN-60
60/4/CPB-144; CAPELLI-B-144/5/YAKTANA-54//(SELECTION-

65 Creso Italy 1974  Foreign CV 14)NORIN-10/BREVOR/3/CAPELLI-63/4/3*TEHUACAN-60;
MARINGA/ZENATI/CPB-144
66 Simeto Italy 1988  Foreign CV CAPEITI-8/VALNOVA
67 Irde Italy 1996  Foreign CV ALTAR-84/IONIO; ALTAR-84/(SIB)ARES
68 Dylan Italy 2002  Foreign CV NEUDUR/ULISSE
69 Ofanto Ttaly 1990  Foreign CV ADAMELLO/APPULO
. . PELICANO/RUFF//GAVIOTA/ROLETTE;
70 Cham-1 Syria 1984  Foreign CV PELICANO(SIB)/(SIB)RUFF//
71 Cham-9 Syria 2010  Foreign CV STJ3//BICRE/LOUKOS-4
72 TR 32090 Tiirkiye -— Ex-situ Ankara
73 TR 53861 Tiirkiye - Ex-situ Yozgat
74 TR 80984 Tiirkiye - Ex-situ Eskisehir
75 TR 72025 Tiirkiye - Ex-situ Konya
76 TR 81249 Tiirkiye - Ex-situ Elazig

Supplementary Table 1. outlines 130 genotypes that were evaluated for Aluminum assessments, including the
cultivars and landraces selected, their country of origins, release year, group, and pedigree (continued).

Ek cizelge 1. Aliiminyum analizleri icin incelenen 130 genotipi, secilen modern ve yerel cesitleri, orijin iilkeleri, piyasa ¢tkma
yul1, grubu ve soyagact dahil olmak iizere 6zetlemektedir (devam etti).

No Name Country Year  Group Pedigree/collection side/ growing locations
77 TR 81371 Tiirkiye - Ex-situ Nigde
78 TR 71914 Tiirkiye - Ex-situ Konya
79 TR 81356 Tiirkiye - Ex-situ Konya
80 TR 81381 Tiirkiye - Ex-situ Sivas
81 TR 45305 Tiirkiye - Ex-situ Yozgat
82 TR 46881 Tiirkiye - Ex-situ Erzincan
83 TR 81259 Tiirkiye - Ex-situ Malatya
84 TR 81273 Tiirkiye - Ex-situ Ankara
85 TR 47949 Tiirkiye - Ex-situ Kars
86 TR 54969 Tiirkiye - Ex-situ Yozgat
87 TR 63315 Tiirkiye - Ex-situ Konya
88 TR 81238 Tiirkiye - Ex-situ Erzincan
89 TR 56206 Tiirkiye - Ex-situ Eskisehir
—
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90 TR 56128 Tiirkiye - Ex-situ Eskisehir

91 TR 54977 Tiirkiye - Ex-situ Yozgat

92 TR 54973 Tiirkiye - Ex-situ Yozgat

93 TR 53860 Tiirkiye - Ex-situ Yozgat

94 TR 56135 Tiirkiye - Ex-situ Eskisehir

95 TR 32015 Tiirkiye - Ex-situ Malatya

96 TR 31930 Tiirkiye - Ex-situ Malatya

97 TR 32167 Tiirkiye - Ex-situ Yozgat

98 TR 35150 Tiirkiye - Ex-situ Yozgat

99 TR 31887 Tiirkiye - Ex-situ Elazig

100 TR 31902 Tiirkiye - Ex-situ Malatya

101 TR 31893 Tiirkiye - Ex-situ Malatya

102 TR 35148 Tiirkiye - Ex-situ Yozgat

103 TR 81277 Tiirkiye - Ex-situ Ankara

104 TR 81283 Tiirkiye - Ex-situ Ankara

105 TR 81284 Tiirkiye - Ex-situ Ankara

106 TR 81367 Tiirkiye - Ex-situ Konya

107 TR 81374 Tiirkiye - Ex-situ Konya

108 TR 81258 Tiirkiye - Ex-situ Malatya

109 TR 81278 Tiirkiye - Ex-situ Ankara

110 TR 81323 Tiirkiye - Ex-situ Ankara

111 TR 81304 Tiirkiye - Ex-situ Malatya

112 TR 81369 Tiirkiye - Ex-situ Nigde

113 TR 81550 Tiirkiye - Ex-situ Nigde

114 TR 81544 Tiirkiye - Ex-situ Nigde

115 TR 81338 Tiirkiye - Ex-situ Ankara

116  Bagacak Tiirkiye - In-situ Southeast of Tiirkiye

117 Menceki Tiirkiye - In-situ Southeast of Tiirkiye

118  Mersiniye Tiirkiye - In-situ Southeast of Tiirkiye

119 Sivaslan Tiirkiye - In-situ Southeast of Tiirkiye

120 sirnak Tiirkiye - In-situ Southeast of Tiirkiye
Alkaya

121 Kurtulan Tiirkiye - In-situ Southeast of Tiirkiye

122 Karadere Tiirkiye -— In-situ Southeast of Tiirkiye

123 Hacihalil Tiirkiye -— In-situ Southeast of Tiirkiye

124 Hevidi Tiirkiye -— In-situ Southeast of Tiirkiye

125  Beyaziye Tiirkiye -— In-situ Southeast of Tiirkiye

126  Misn Tiirkiye -— In-situ Southeast of Tiirkiye

127  Iskenderiye Tiirkiye -— In-situ Southeast of Tiirkiye

128  Karakilgik Tiirkiye -— In-situ Southeast of Tiirkiye

129  Havrani Tiirkiye -— In-situ Southeast of Tiirkiye

130  Levante Tiirkiye - In-situ Southeast of Tiirkiye

Supplementary Table 2. Information on the Simple Sequence Repeats primers utilized to screen polymorphic
sequences, their chromosomal location, and repeat motif.
Ek gizelge 2. Basit Dizi Tekrarlart Markérlerinin polimorfik dizileri, bunlarin kromozomal konumlarini ve tekrar motifi

bilgileri.
Chromosomal

Primer Name 5 3 Location Repeat Motif

1 WMC120F GGAGATGAGAAGGGGGTCAGGA 1A (CA), (GA), (GT)
WMC120R CCAGGAGACCAGGTTGCAGAAG

2 WMC231F CATGGCGAGGAGCTCGGTGGTC 3B GA)10, (GT)8
WMC231IR GTGGAGCACAGGCGGAGCAAGG

3 WMC406F TATGAGGGTCGGATCAATACAA 1B (CA)16
WMC406R CGAGTTTACTGCAAACAAATGG

4 WMC477F CGTCGAAAACCGTACACTCTCC 2B (GT)16
WMC477R GCGAAACAGAATAGCCCTGATG

5 WMCIF ACTGGGTGTTTGCTCGTTGA 3B/6A (CT)(CA)
WMCIR CAATGCTTAAGCGCTCTGTG

6 WMC361F AATGAAGATGCAAATCGACGGC 2B (CA)10
WMC36IR ATTCTCGCACTGAAAACAGGGG

7 WMCI107F GAATTCAGGCCCTTCTCGGA 7A (GT)15

———
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10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

WMC107R
CFA2147F
CFA2147R
GWM156F
GWM156R
WMC296F
WMC296R
GWM304F
GWM304R
WMC218F
WMC218R
WMC128F
WMCI128R
WMC262F
WMC262R
WMC307F
WMC307R
WMC312F
WMC312R
WMC317F
WMC317R
WMC31F
WMC3IR
WMC327F
WMC327R
GWMB369F
GWMB369R
WMC476F
WMC476R
WMC511F
WMC511R
WMC612F
WMC612R
WMC626F
WMC626R
WMC657F
WMC657R
WMC662F
WMC662R
WMC727F
WMC727R
WMC75F
WMC75R

CATTGAACCTCGCATAACGG
TCATCCCCTACATAACCCGA
ATCGTGCACCAAGCAATACA
CCAACCGTGCTATTAGTCATTC
CAATGCAGGCCCTCCTAAC
GAATCTCATCTTCCCTTGCCAC
ATGGAGGGGTATAAAGACAGCG
AGGAAACAGAAATATCGCGG
AGGACTGTGGGGAATGAATG
TCTCCTGTCGGCTGAAAGTGTT
CCATGGAGGTTCACCTAGCAAA
CGGACAGCTACTGCTCTCCTTA
CTGTTGCTTGCTCTGCACCCTT
GCTTTAACAAAGATCCAAGTGGCAT
GTAAACATCCAAACAAAGTCGAACG
GTTTGAAGACCAAGCTCCTCCT
ACCATAACCTCTCAAGAACCCA
TGTGCCCGCTGGTGCGAAG
CCGACGCAGGTGAGCGAAG
TGCTAGCAATGCTCCGGGTAAC
TCACGAAACCTTTTCCTCCTCC
GTTCACACGGTGATGACTCCCA
CTGTTGCTTGCTCTGCACCCTT
TGCGGTACAGGCAAGGCT
TAGAACGCCCTCGTCGGA
CTGCAGGCCATGATGATG
ACCGTGGGTGTTGTGAGC
TACCAACCACACCTGCGAGT
CTAGATGAACCTTCGTGCGG
CGCACTCGCATGATTTTCCT
ATGCCCGGAAACGAGACTGT
GAGGTCAGTACCCGGAGA
CCACCCCAATTCAAAAAG
AGCCCATAAACATCCAACACGG
AGGTGGGCTTGGTTACGCTCTC
CGGGCTGCGGGGGTAT
CGGTTGGGTCATTTGTCTCA
AGTGGAGCCATGGTACTGATTIT
TGTGTACTATTCCCGTCGGTCT
CATAATCAGGACAGCCGCAC
TAGTGGCCTGATGTATCTAGTTGG
GTCCGCCGCACACATCTTACTA
GTTTGATCCTGCGACTCCCTTG

1B/1D (CATC)4
3B/5AL/5BS (GT)14

2A (GA)11 &, (GT)28
2A/5A (CT)22

7B (TG)7CGTGC(GT)7
1B (GA)10 &, (GT)16
4AL GA)29

3B GT)8 (GA)13

1A (GA)14

2BL (GT)23

1B (GA)11, (GT)19
5AL (GT)25

3A/4B/7B (CT)1(T)2(CT)21
7B (GT)7 118, (GT)25
4BS (GT)7, CGTG

3B

1B

4B

7B

5AL

5B (GT)13

Supplementary Table 2. Information on the Simple Sequence Repeats primers utilized to screen polymorphic
sequences, their chromosomal location, and repeat motif (continued).
Ek cizelge 2. Basit Dizi Tekrarlart Markérlerinin polimorfik dizileri, bunlarin kromozomal konumlarim ve tekrar motifi
bilgileri (devam etti).

Chromosomal

Primer Name 5 3 Location Repeat Motif

29 BARC354F CGTTGTTTGCGTAGAAGGAGGTT 6B
BARC354R GCGAATGCGGGCGATAAAGTGG

30 CFA2191F AGAGCAGGAGGTTGGGTTCT 3B (TCCC)4
CFA2191R CCGGAATTTCACTACCAGGA

31 BARCS5F GCGAACGCTGCCCGGAGGAATCA 7B (CAT)8
BARC85R GCGTCGCAGATGAGATGGTGGAGCAAT

32 CFA2114F ATTGGAAGGCCACGATACAC 6A (CA)32
CFA2114R CCCGTCGGGTTTTATCTAGC

33 CFD238F GTTGAGGAGGACAAAGAGGC 2B (GGGA)3
CFD238R GATACGAGCGAGCCCATAAA

34 CFD242F CCAGTTTGCAGCAGTCACAT 7A (GTT)15(AGC)5
CFD242R CAGACCTTAACGGGGTTGAA

35 GWMA456F TCTGAACATTACACAACCCTGA 1B/3D (GA)21
GWM456R TGCTCTCTCTGAACCTGAAGC
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36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

GWM375F
GWM375R
GWMB513F
GWM513R
GWM77F
GWM77R
WMC553F
WMC553R
BARC77F
BARC77R
BARC78F
BARC78R
CFA2141F
CFA2141R
CFD7F
CFD7R
CFD168F
CFD168R
CFD71F
CFD71IR
GWM293F
GWM293R
WMC407F
WMC407R
WMC486F
WMC486R
WMC517F
WMC517R
WMC522F
WMC522R
WMC524F
WMC524R
WMC532F
WMC532R
WMC592F
WMC592R
WMC596F
WMC596R
WMC616F
WMC616R
WMC633F
WMC633R

ATTGGCGACTCTAGCATATACG
GGGATGTCTGTTCCATCTTAGC
ATCCGTAGCACCTACTGGTCA
GGTCTGTTCATGCCACATTG
ACCCTCTTGCCCGTGTTG
ACAAAGGTAAGCAGCACCTG
CGGAGCATGCAGCTAGTAA
CGCCTGCAGAATTCAACAC
GCGTATTCTCCCTCGTTTCCAAGTCTG
GTGGGAATTTCTTGGGAGTCTGTA
CTCCCCGGTCAAGTTTAATCTCT
GCGACATGGGAATTTCAGAAGTGCCTAA
GAATGGAAGGCGGACATAGA
GCCTCCACAACAGCCATAAT
AGCTACCAGCCTAGCAGCAG
TCAGACACGTCTCCTGACAAA
CTTCGCAAATCGAGGATGAT
TTCACGCCCAGTATTAAGGC
CAATAAGTAGGCCGGGACAA
TGTGCCAGTTGAGTTTGCTC
TACTGGTTCACATTGGTGCG
TCGCCATCACTCGTTCAAG
GGTAATTCTAGGCTGACATATGCTC
CATATTTCCAAATCCCCAACTC
CCGGTAGTGGGATGCATTTT
ATGCATGCTGAATCCGGTAA
ATCCTGACGTTACACGCACC
ACCTGGAACACCACGACAAA
AAAAATCTCACGAGTCGGGC
CCCGAGCAGGAGCTACAAAT
TAGTCCACCGGACGGAAAGTAT
GTACCACCGATTGATGCTTGAG
GATACATCAAGATCGTGCCAAA
GGGAGAAATCATTAACGAAGGG
GGTGGCATGAACTTTCACCTGT
TGTGTGGTGCCCATTAGGTAGA
TCAGCAACAAACATGCTCGG
CCCGTGTAGGCGGTAGCTCTIT
TAAAGCTAGGAGATCAGAGGCG
TAATCCCATCTTGAGAAGCGTC
ACACCAGCGGGGATATTTGTTAC
GTGCACAAGACATGAGGTGGATT

4B

4BL/5B/7BS

3BS

6A

3B

4A

5A/5D

5B/5DL

2A/2D

4A/4D

5AL/5B/5D/7B

2A

6B

7B

2A

5A

3A

2B

7A

5B

7A

(CA)12
(CA)10 (GA)40
(CA)24

(ATCT)6
(TC)27(TATC)43
(GA)18

(TC)27

(CTG)20
(CA)10(GA)30
(CA)24

(GA)16

(GT)28

(CA)

(CT)

(GT)

(GA)

(XX)

(XX)

Supplementary Table 2. Information on the Simple Sequence Repeats primers utilized to screen polymorphic
sequences, their chromosomal location, and repeat motif (continued).
Ek cizelge 2. Basit Dizi Tekrarlart Markérlerinin polimorfik dizileri, bunlarin kromozomal konumlarim ve tekrar motifi
bilgileri (devam etti).

Chromosomal

Primer Name 5.l 3 Location Repeat Motif

57 GWM124F GCCATGGCTATCACCCAG 1B (CT)27(GT)18
GWM124R ACTGTTCGGTGCAATTTGAG

58 WMC335F TGCGGAGTAGTTCTTCCCCC 7B (CA)5G(CA)12
WMC335R ACATCTTGGTGAGATGCCCT

59 WMC364F ATCACAATGCTGGCCCTAAAAC 7B (CA)18
WMC364R CAGTGCCAAAATGTCGAAAGTC

60 WMC658F CTCATCGTCCTCCTCCACTTTG 2A (XX)
WMC658R GCCATCCGTTGACTTGAGGTITA

61 WMC73F TTGTGCACCGCACTTACGTCTC 5B (CA)»9
WMC73R ACACCCGGTCTCCGATCCTTAG

62 WMCS3F TGGAGGAAACACAATGGATGCC 7A (GT)28
WMC83R GAGTATCGCCGACGAAAGGGAA

63 BARC89F GGGCGCGGCACCAGCACTACC 5B (TCA)11
BARC89R CTCCGAGGCCACCGAAGACAAGATG

64 BARC74F GCGCTTGCCCCTTCAGGCGAG 5B (GA)13(GATA)7(GA)9
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BARC74R CGCGGGAGAACCACCAGTGACAGAGC

65 CFA2028F TGGGTATGAAAGGCTGAAGG 7A (CA)21
CFA2028R ATCGCGACTATTCAACGCTT

66 GWMI30F AGCTCTGCTTCACGAGGAAG 2B/7A/7D (GT)22
GWMI30R CTCCTCTTTATATCGCGTCCC

67 CFA2183F TCTTGGATGGATTTGTGAGC 3A (CA)26
CFA2183R TTCCTTCTCCTTCATTAGCTGC

68 CFA2234F AATCTGACCGAACAAAATCACA 3A (CA)17
CFA2234R TCGGAGAGTATTAGAACAGTGCC

69 CFA2263F GGCCATGTAATTAAGGCACA 2AL (CA)24
CFA2263R CTCCCAGGAGTACAGAAGAGGA

70 WMC397F AGTCGTGCACCTCCATTTTG 6B (CA)
WMC397R CATTGGACATCGGAGACCTG

71 BARCIS81F CGCTGGAGGGGGTAAGTCATCAC 1B (CT)17
BARCI181R CGCAAATCAAGAACACGGGAGAAAGAA

72 WMC311F GGGCCTGCATTTCTCCTTTCTT 7B (GT)12
WMC311R CTGAACTTGCTAGACGTTCCGA

73 WMCI81F TCCTTGACCCCTTGCACTAACT 2A (GT)19, (GT)10
WMCI81R ATGGTTGGGAGCACTAGCTTGG

74 WMCI1F TTGTGATCCTGGTTGTGTTGTGA 3A/3D (CT)
WMCIIR CACCCAGCCGTTATATATGTTGA

75 GWM388F CTACAATTCGAAGGAGAGGGG 2B (CT)4(CA)11(CA)12
GWM388R CACCGCGTCAACTACTTAAGC

76 WMC76F CTTCAGAGCCTCTTTCTCTACA 7B (GT)
WMC76R CTGCTTCACTTGCTGATCTTTG

77 GWMB333F GCCCGGTCATGTAAAACG 7B (GA)19
GWM333R TTTCAGTTTGCGTTAAGCTTTG

78 GWMB335F CGTACTCCACTCCACACGG 5B (GA)14(GCGT)3
GWM335R CGGTCCAAGTGCTACCTTTC

79 GWM294F GGATTGGAGTTAAGAGAGAACCG 2AL (GAYITA(GA)15
GWM294R GCAGAGTGATCAATGCCAGA

80 GWMG630F GTGCCTGTGCCATCGTC 2A/2B (GT)16
GWMG630R CGAAAGTAACAGCGCAGTGA

81 CFD60F TGACCGGCATTCAGTATCAA 5B/6D (CA)25
CFD60R TGGTCACTTTGATGAGCAGG

82 CFD73F GATAGATCAATGTGGGCCGT 2B/2D (CT)19
CFD73R AACTGTTCTGCCATCTGAGC

——
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Kat1 Faz Fermantasyonunun Cayir Otu Besin Madde Ierigi ve Anti-Metanojenik Ozelliklerine
Etkisi

Effect of Solid State Fermentation on Meadow Grass Nutrient Content and Anti-Methanogenic

Properties
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Oz: Bu calismada, cayir otunun 3 farkli fermantasyona ugratilarak yem degeri iizerine olan etkisinin tespiti amaglanmistir. Bu amag dogrultusunda
cay1r out; silaj suyu (SS), peynir alt1 suyu (PAS) ve PAS+SS (1:1) ile %70 nem igeriginde 30 giinliik fermantasyona tabi tutulmustur. Fermantasyonun
0. 15. ve 30. giinlerinde 6rnekler alinarak kimyasal ve in vitro gaz tiretimindeki degisiklikler tespit edilmistir. Kimyasal analiz sonucunda ham kiil
igerigi 30. giin 6rneklerde SS fermantasyonunda artarken, PAS fermantasyonunda azalmistir. Fermantasyonun NDF ve ADF igerikleri iizerine etkisini
15. giin 6rneklerde 6nemli bulunmustur. Seliiloz icerigine bakildiginda ise SS fermantasyonunda arttig1, PAS+SS fermantasyonunda ise azaldig: tespit
edilmistir. Fermantasyonun gaz tiretimine etkisi incelendiginde ise 0. giin 6rneklere gore SS fermantasyonunda azaldigi, PAS fermantasyonunda ise
15. giin orneklerinde artmasmna ragmen 30. giin O6rneklerinde azaldigi saptanmugtir. SS fermantasyonu % metan {retimini artirirken, PAS
fermantasyonu net metan ve % metan icerigini azaltmistir. SS ve PAS ile yiiriitiilen fermantasyonlarin gercek sindirim derecesi, gercek sindirilebilir
kuru madde, taksimat faktorii, mikrobiyal protein ve mikrobiyal protein sentezleme etkinligi {izerine pozitif etkisi olmustur. Fermantasyon sirasinda
agiga ¢ikan enterik metan hem kiiresel 1ssnmaya hem de yemin enerji kaybina neden olmasindan dolay1 hem gevreciler ve hem de hayvan beslemeciler
tarafindan arzu edilmemektedir. Metan gazi karbondioksit gazindan sonra kiiresel 1sinmaya neden olan ikinci gazdir. SS fermantasyonun metan
igerigini artirdigl, PAS ve PAS+SS ile yiiriitiilen fermantasyonlarda azaldig1 saptanmistir. Sonug olarak, kat1 faz fermantasyonu ile 6zellikle de PAS
fermantasyonu sonucunda gayir otunun igeriginin iyilestigi sdylenebilir.
Anahtar Kelimeler: cayir otu, in vitro gaz tiretimi, kat1 faz fermantasyon, metan, mikrobiyal protein

&
Abstract: This study aimed to determine the effect on the feed value by three different fermentation of meadow grass. For this purpose, meadow grass
was subjected to 30 days of fermentation with silage water (SS), whey (PAS) and PAS+SS (1:1) at 70% moisture content. Changes in chemical and in
vitro gas production were determine by taking samples at 0, 15 and 30 days of fermentation. As a result of chemical analysis, while the crude ash
content increased in SS fermentation in 30th day samples, decreased in PAS fermentation. The effect of fermentation on NDF and ADF contents was
found significant in the 15th day samples. Considering the cellulose content, it increased in SS fermentation and decreased in PAS+SS fermentation.
When the effect of fermentation on gas production was examined, it was determined that it decreased in SS fermentation compared to the Oth day
samples, and decreased in the 30th day samples, although it increased in the 15th day samples in the PAS fermentation. While SS fermentation
increased % methane production, PAS fermentation decreased net methane and % methane content. Fermentations carried out with SS and PAS had
a positive effect on the true substrate digestibility, true dry matter digestion, partitioning factor, microbial protein yield and efficiency. Enteric methane,
which is released during fermentation, is not desired by both environmentalists and animal nutritionists because it causes both global warming and
energy loss of feed. Methane gas is the second gas that causes global warming after carbon dioxide gas. It was determined that SS fermentation
increased the methane content and decreased in fermentations carried out with PAS and PAS+SS. As a result, it can be said that the content of meadow
grass is improved as a result of solid state fermentation, especially PAS fermentation.

Keywords: meadow grass, in vitro gas production, solid state fermentation, methane, microbial protein
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GIRIS

Kaba yemler hayvan beslemesinde vazgecilmez yem kaynagidir. Ucuz ve kaliteli kaba yeme kolay
ulagilabilirlik agisindan iilke hayvanciliginin kaba yem agigi/sorunu oldugu asikardir. S6z konusu
problemin ¢oziimii icin ya alternatif kaba yemler (Atalay vd., 2018; Kaya ve Kamalak, 2019; Atalay ve
Kamalak, 2019; Keskin vd., 2021a,b; Beyzi vd., 2022) ya da mevcut diisiik kaliteli kaba yemlerin (saman,
musir sap1 vb.) kalitesinin artirilmasina yonelik arastirmalar yapilmaktadir (Abera vd., 2018; You vd., 2019;
Du vd., 2019; Khonkhaeng ve Cherdthong 2020; Datsomor vd., 2022; Canbolat, 2022). Mevcut kaba
yemlerin kalitesini artirmaya yonelik fiziksel (Sarnklong vd., 2010; Du vd., 2019), kimyasal (Abera vd.,
2018; You vd., 2019; Canbolat, 2022) ve biyolojik yontemler (Ke vd., 2011; Khonkhaeng ve Cherdthong 2020;
Datsomor vd., 2022) basta olmak {izere bir¢ok yontem arastirilmaktadir. Biyolojik yontemlerin fiziksel ve
kimyasal yontemlere gore ekonomik ve cevre giivenligi agisindan daha avantajli bir yontem oldugu
belirtilmektedir (Sufyan vd., 2021). Biyolojik yontemlerden birisi de kati faz fermantasyon (KFF)
metodudur. Kati faz fermantasyon kisaca suyun olmadigi veya ¢ok az oldugu ortamda
mikroorganizmalarin kendi dogal ortamindaki gibi faaliyetini siirdiirmesi olarak tanimlanabilir (Pandey,
2003). KFF yonteminin gida, yem, ilag sektorii basta olmak tizere bir¢ok alanda kullanimi yayginlasmistir
(Datsomor vd., 2022; Carrillo-Diaz vd., 2022).

Hayvan besleme agisindan besleme degeri diisiik kaliteli yemlerin gesitli mikroorganizmalar ile ideal
kosullar altinda fermantasyona tabi tutuldugunda lignin, seliilloz ve hemiseliilloz gibi yapisal
karbonhidratlarin azaltilabilecegi, besin madde igerikleri ve sindirilebilirliginin iyilestirilebilecegi bir¢ok
arastirmaci tarafindan bildirilmistir (Ke vd., 2011; Yasar ve Tosun, 2020; Sufyan vd., 2021; Datsomor vd.,
2022; Carrillo-Diaz vd., 2022). Kolza samani ile G. lucidum ve C. utilis karisgtmimmin fermantasyonu
sonucunda kolza samanimnin ham protein igeriginin %226 (%4,98'den %16,23’e) oraninda arttig1
belirtilmistir (Ke vd., 2011). Datsomor vd. (2022) tarafindan yiiriitiillen arastirmada cgeltik samanini
mikroorganizma kullanmadan (kontrol), Pleurotus ostreatus, Phanerochaete chrysosporium ve her iki fungalin
karisimi ile 30 giinliik fermantasyona ugratmislardir. Fermantasyon sonucunda kontrol grubuna gore
mikroorganizma kullanilan fermantasyonlarda ham protein icerigi yaklasik %27-31 oranunda, ham kiil
iceriginde ise %17-44 oraninda artma oldugunu saptamislardir. Fermantasyon sonunda geltik samaninin
kuru madde, organik madde, NDF, ADF, ADL, seliilloz ve hemiseliiloz igeriginin onemli derecede
azaldigini belirtmislerdir. Diger taraftan kontrol grubuna gore Pleurotus ostreatus ve iki fungal karistminin
in vitro kuru madde sindirimini, ugucu yag asiti ve gaz iiretimi artarken Phanerochaete chrysosporium ile
yliriitiilen fermantasyonda azaldig1 saptanmistir. Bugday samani ve talasin yapisal karbonhidratlarin
azaltilmas1 ve sindirilebilirligini artirmak amaciyla yiiriitiilen bir fermantasyonda L. edodes ile 12 haftalik
fermantasyona ugratilmistir (van Kuijk vd., 2016). Fermantasyon sonucunda bugday samaninin ADL
icerigi %81, hemiseliiloz %66 oraninda azalirken seliiloz igerigi %13, gaz iiretimi %23 oraninda arttig:
saptanmistir. Benzer sekilde talasinda ADL igerigi %46, hemiseliiloz igerigi %25 oraninda azalirken gaz
tiretimi %228 oraninda arttig1 tespit edilmistir. Sufyan vd. (2021) yiiriittiikleri calismada bugday samant,
celtik samani ve misir sapini 3 farkli fungal mikroorganizma (P. eryngii, P. ostreratus ve P. florida) ile 30 giin
katt faz fermantasyona maruz birakarak besin madde igerigine ve sindirilebilirligine etkisini
arastirmiglardir. Arastirma sonucunda en fazla ligninin parcalandigi, beslenme degeri ve
sindirilebilirliklerinin iyilestigi fermantasyonlarin bugday ve celtik samanin P. ostreatus ile misin sapinin
ise P. florida ile yiiriitiilenlerde oldugu saptamislardir.

Literatiirdeki bilgiler dogrultusunda bu ¢alismada, Dogu Anadolu boélgesinin kuzeyinde yaygin olarak
yetisen cayir otunun peynir altt suyu, silaj suyu ve her ikisinin karisgimi (1:1) ile 30 giin kat1 faz
fermantasyona tabi tutarak besin madde ve sindirilebilirligi tizerine etkisinin tespiti amaglanmaistir.

MATERYAL VE METOT
Cayir otu Igdir Universitesi Sehit Biilent Yurtseven kampiisiindeki 3 bin déniimliik mera alanindan 10
farkli noktadan alinarak homojen bir hal alacak sekilde karistirilmistir. Toplanan ¢ayir otu oda sicakliginda
kurutulus ve 2-3 cm boyutunda olacak sekilde parcalanmis ve homojenligi saglayana kadar karistirilmustir.
Kurutulan ve parcalanan Ornekler 121 °C’de 30 dk otoklavlanmis ve oda sicakligina gelene kadar
sogutulmaya birakilmistir.

——
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Fermantasyon ¢alismasinda kullanilan peynir alt1 suyu (PAS) Igdir ilinde faaliyet gosteren 6zel bir siit
tiriinleri fabrikasindan temin edilmistir. Silaj suyu (SS) ise Igdir Universitesi Zootekni laboratuvarinda
bulunan muisir silaji drneklerinin 1/10 oraninda sulandirilarak 10 dk ¢alkalanmasi ve siiziilmesi ile elde
edilmistir.

Fermantasyona hazirlanan inokulant ve substratlarin herbiri 3 tekerriirlii olacak sekilde plastik
kavanozlara doldurularak homojen olacak sekilde karistirilmis ve Cizelge 1’de verilen kosullar altinda
fermantasyona birakilmistir. 0. giin fermantasyonda inokulant ile substrat homojen olarak karistirildiktan
sonra hemen kurutma firinina aktarilarak kurutulmustur.

Cizelge 1. Fermantasyon kosullar1 ve deneme deseni.
Table 1. Fermentation conditions and experiment design.

Parametre Deneme 1 Deneme 2 Deneme 3
Inokulant PAS Ss PAS+SS (1:1)
pH 6.07+0.18 5.19+0.18 5.55+0.18
Nem, % 70.08+0.179 69.78+0.179 69.52+0.179
Sicaklik, °C 37+2C

Karistirma Giinde 5 dk 100 rpm

Ornekleme periyodu, giin 0, 15 ve 30

PAS: peynir alt1 suyu, SS: silaj suyu

Fermantasyonun 0, 15 ve 30. giliniinde alman 6rnekler 60 °C’de kurutulup 1 mm elekten gecirilerek
ogiitiilmiis ve analizler icin hazir hale getirilmistir. Yemlerin kuru madde (KM), ham kiil (HK) ve ham
protein (HP) analizi AOAC (1990) tarafindan bildirilen yonteme, NDF, ADF ve ADL igerikleri Van Soest
vd. (1991) bildirdigi metoda gore, seliiloz igerigi ise ADF ve ADL igerikleri kullanilarak hesap yolu ile tespit
edilmistir (Karabulut ve Canpolat, 2005). [n vitro gaz iiretiminin (IVGU) &l¢iimleri ise Menke ve Steingass,
(1988) gaz tiretim teknigi ile tespit edilmistir. Metan igerigi ise Goel vd. (2008) metoduna gore S-AMG 1010
cihazinda % ve ml olarak tespit edilmistir. [n vitro gaz dlctimlerinde kullamilan rumen sivisi kesimhaneden
kesim isleminin ardindan alinmis ve hemen kullanilmigtir. Gergek sindirililebilir kuru madde miktar
(GSKM), taksimat faktorii (TF), mikrobiyal protein iiretimi (MP) ve sentezleme etkinligi (MPSE) Bliimmel
vd. (1997) ile Vercoe vd. (2010)'nun bildirdigi metotlara gore yapilmistir. Organik madde sindirimi (OMS)
Menke ve Steingass (1988), kuru madde sindirimi (KMS), kuru madde tiiketimi (KMT)ve nispi yem degeri
(NYD) ise Rohweder vd., (1978) tarafindan bildirilen esitliklik kullanilarak hesaplanmuistir.

Calisma sonucunda 6rneklerin kimyasal bilesimleri ve gaz {iretimlerine ait sonuglar ONE-WAY-ANOVA
ile varyans analizine tabi tutulmus, muamele gruplar1 arasindaki farklar Tukey (SPSS, 2016) coklu
karsilagtirma testiyle karsilastirilmigtir.

BULGULAR VE TARTISMA

Cayir otunun PAS ve PAS+SS fermantasyonlarinda pH degeri onemli derecede diismiistiir (Sekil 1)
(P<0.001). Bu calismadaki pH degerindeki diisiis literatiirde laktik asit bakterileri ile yiiriitiilen
fermantasyon calismalarinin sonuglari ile benzerlik icindedir (Jonh vd., 2006; Bartkiene vd., 2014; Yasar ve
Tosun, 2018). Laktik asit bakterileri ile yiiriitiilen fermantasyonlarda mikroorganizmalarin organik asit
(0zellikle de laktik asit) {iretimi ve CO: salinimi neticesinde pH degerinin 6nemli derecede diistiigii
bilinmektedir (Joseph vd., 2008; Yasar ve Tosun, 2018). Bu calismada da organik asit iiretimi ve CO:
saliniminin pH degerinin diismesine neden olabilecegi diisiiniilmektedir.
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Sekil 1. Fermantasyon siiresince pH degerinde gozlemlenen degisim.
Figure 1. Observed change in pH value during fermentation.

Cayir otu ile yiriitiilen 3 farkli fermantasyon sonucunda besin madde igeriklerinde istatistiksel olarak
onemli degisiklikler tespit edilmistir (Cizelge 2) (P<0.001).

Cayir otu ile yiiriitiilen tiim fermantasyonlarda KM ve HP igeriklerinde rakamsal bir degisiklik olsa da
istatistiksel olarak fark 6nemsiz bulunmustur. Cayir otunun SS ile yiiriitiilen fermantasyonunda HK igerigi
artmistir. En fazla artis ise fermantasyonun 15. giiniinde %11 oraninda olmustur. Diger taraftan SS ile
ylritilen fermantasyonun aksine PAS ile yiiriitiilen fermantasyonda HK igerigi azalmistir. En fazla
azalma ise fermantasyonun 15. giiniinde %12 oraninda oldugu saptanmistir. PAS+SS ile yiiriitiilen
fermantasyonlarda ise HK igeriginde bir degisim tespit edilmemistir. Fermantasyonun yapisal
karbonhidratlara etkisi incelendiginde SS ile yiiriitiilen fermantasyonlarda cayir otunun ADF ve seliiloz
igerikleri fermantasyon siiresi boyunca artmistir. NDF icerigi ise fermantasyonun ilk 15. giiniinde
artmasina ragmen daha sonra 0. giin NDF igerigi ile istatistiki bir fark olmayacak kadar azalmistir. PAS ile
yliriitiilen fermantasyonlarda ise NDF ve ADF igerikleri fermantasyonun ilk 15. giiniinde azalmistir. Ancak
fermantasyonun ilerleyen zamaninda (15-30. giinler aras1) NDF ve ADF iceriklerinde artmus ve 0. glindeki
NDF ve ADF igerikleri ile aralarinda farklilik tespit edilememistir.

Cizelge 2. Fermantasyonun cayir otu besin madde igerigine etkisi (%KM).
Table 2. Effect of fermentation on nutrient content of meadow grass (% DM).

inokulant Giin KM (%) HK (%) HP (%) NDF (%) ADF (%) ADL (%) Seliiloz (%)

0 30.22 13.18¢ 12.55 61.76° 32.71be 4.61® 28.10<
SS 15 30.20 14.68> 13.33 65.552 36.55% 3.65P 32.902b
30 28.97 14.12bcd 13.33 64.022b 38.532 4.80%° 33.732
0 29.92 15.402 12.82 55.46< 30.94< 4.63® 26.30<d
PAS 15 30.75 13.564¢ 13.84 50.44¢ 27.284 3.10° 24.184
30 28.74 14.18bcd 13.17 52.83de 31.74< 3.64° 28.10<d
0 30.48 14.39bc 12.94 58.04¢ 33.68b¢ 4.90%° 28.79¢b¢
PAS+SS 15 29.86 13.90< 13.33 57.45¢ 31.51 2.78° 28.73b¢
30 29.45 14.220bc 13.87 58.18¢ 29.93« 6.06° 23.874
p degeri 0.087 0.000 0.087 0.000 0.000 0.002 0.000
SHO 0.179 0.124 0.116 0.936 0.676 0.229 0.674

abede Ayni harflere sahip ve ayni siitiin yer alan ortalamalar arasinda fark yoktur (P<0.05), SHO: Standart hata
ortalamasi, KM: Kuru madde; HK: Ham kiil; HP: Ham protein; NDF: Notr ¢oziiciilerde ¢oziinmeyen lifli bilesikler;
ADF: Asit ¢oziiciilerde ¢oziinmeyen lifli bilesikler; ADL: Asit ¢oziiciilerde ¢dziinmeyen lignin.

Cayir otunun PAS ile fermantasyonunda seliiloz igeriginde 6nemli bir degisim saptanmamugtir. PAS+SS ile
yliriitiilen fermantasyonlarda ise NDF ve ADF igeriklerinde istatistiksel bir farklilik olmamistir. Seliiloz
igeriginin ise ilk 15. giinde farkliik olmamasma ragmen fermantasyonun ilerleyen asamasinda %17
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oraninda azaldig1 saptanmistir. Cayir otunun SS ve PAS ile yiiriitiilen fermantasyonlarinda ADL
iceriklerinde rakamsal bir degisiklik olsa da istatistiksel olarak farklilik 6nemsiz bulunmustur. PAS+SS
fermantasyonunda ise 15 ve 30 giin ornekleri arasinda istatistiksel olarak onemli bir farklilik tespit
edilmigtir.

Cayir otunun HK igerigi SS fermantasyonunda artarken PAS fermantasyonunda azalmistir. Literatiirdeki
sonuglara bakildiginda HK icerigi cok fazla degiskenlik gostermektedir (Olukomaiye vd., 2020; Terefe vd.,
2021). Uvere vd. (2009) fermantasyon sirasinda mikroorganizma ve enzim aktivitelerinden dolay1 organik
madde kaybi neticesinde inorganik maddede artis olabilecegini belirtmistir. Terefe vd. (2021) ise
fermantasyon kosullarina ve fermantasyonda kullanilan mikroorganizmaya bagli olarak inorganik madde
iceriklerinin degisebilecegini, bazi mikroorganizmalarin fermantasyon esnasindaki faaliyetlerinde
inorganik maddeleri kullanarak azalttigin1 bazi mikroorganizmalarin ise tamamen organik maddeler
tizerinde faaliyet gOstermesi sonucunda toplam kiitlede inorganik maddede artisin olabilecegini
bildirmislerdir. Cayir otunun SS ile yiiriitiilen fermantasyonunda da suda ¢6ziinebilir organik maddelerin
kayb1 neticesinde HK igeriginde artis oldugu diistiniilmektedir. Ancak PAS ile yiiriitiilen fermantasyonda
ise mikroorganizmalarin faaliyetleri esnasinda inorganik maddeleri kullandigi ve sonucunda HK
iceriginin azaldig1 diisiiniilmektedir. SS ve PAS ile yiiriitiillen fermantasyonlarin HK igeriklerindeki
farklihigin ise inokulant farkliigindan kaynaklandig: diistintilmektedir.

Fermantasyonun yapisal karbonhidratlara etkisi incelendiginde SS ile yiiriitiilen fermantasyonlarda NDF,
ADF ve seliiloz igeriklerinde artma, PAS ile yiiriitillen fermantasyonda ise NDF iceriginde azalma
gozlenmistir. PAS+SS ile yiiriitiilen fermantasyonunda ise ADL igerigi 15. giinden sonra artmistir, bu
artmaya bagh olarak seliiloz igerigi diismiistiir. Literatiirdeki calismalar irdelendiginde mikrobiyal
fermantasyon sonucunda yapisal karbonhidratlarin azalabilecegine dair sonuglar mevcuttur (Xie vd. 2016;
Kutshik vd., 2016; Nasehi vd., 2017). Bir¢ok arastirmact bu azalmanin mikroorganizmalarin (6zellikle de
fungal) fermantasyon sirasinda ekstraseliilar enzimleri salgiladiklarini ve bu enzimlerinde ADF, NDF,
ADL ve ham seliiloz gibi bilesikleri par¢alamasindan kaynaklandigini belirtmislerdir (Lynch vd., 2014;
Shrivastava vd., 2014; Nasehi vd., 2017). Ancak, Ramli vd. (2005) ve Olukomaiya vd. (2020a,b) mikrobiyal
fermantasyonlarda NDF, ADF ve ham seliilozun artabilecegini bu artmanin seker gibi basit
karbonhidratlarin ve sekonder metabolitlerin parcalanmasindan kaynaklandigini belirtmislerdir. SS ile
yiiriitiilen fermantasyon ¢alismasindaki NDF ve ADF igeriginin artmas: Ramli vd. (2005) ve Olukomaiya
vd. (2020a,b) ¢calismalarinin sonuglari ile benzerlik gostermektedir. Bu artmanin basit karbonhidratlarin ve
sekonder metabolitlerin pargalanmasi sonucunda kiitlesel bir artistan kaynaklandig1 diistintilmektedir.
Diger taraftan PAS ile yiiriitiilen fermantasyonda NDF iceriginin azalmasi literatiirdeki birgok ¢alisma ile
paralellik icerisindedir (Lynch vd., 2014; Shrivastava vd., 2014; Nasehi vd., 2017).

Cayir otunun kat1 faz fermantasyon sonucunda net gaz, metan (ml), % metan, GSKM, TF, MP, EMP ve GSD
degerleri 6nemli derecede etkilenmistir (Cizelge 3) (P<0.001). Cizelge 3’de verilen 0. giin besin
maddelerinin farkli olmasinin nedeni fermantasyonda kullanulan inokulant igeriklerinden
kaynaklanmaktadir. Cayir otunun SS ile yiiriitiilen fermantasyonda fermente son tirtinlerinin (30. giin) gaz
iiretimi 0. glin gaz tiretimine gore %14 oraninda diistiigli saptanmustir. PAS ile yiiriitiilen fermantasyonda
ise net gaz iiretimi 15. giin 6rneklerinde %6 oraninda artmasina ragmen 30. giin 6rneklerinde azalarak 0.
giin net gaz iiretimine gore istatistiksel bir fark tespit edilmemistir. PAS+SS ile yiiriitiilen fermantasyonun
net gaz liretimine etkisinin olmadig belirlenmistir.

Cayir otunun SSile fermantasyonunda net metan {iretimi fermantasyon siiresince artarken, PAS ve PAS+SS
ile yiiriitiilen galismalarda net metan tiretimi 30. giin 6rneklerinde sirasiyla %5.5 ve %3.7 oraninda azaldig:
belirlenmistir. Fermantasyonun % metan {iretimine etkisi incelendiginde SS ile yiiriitiilen fermantasyon
sonunda elde edilen fermente {iriiniin % metan iiretimini %18 oraninda artmistir. PAS fermantasyonunun
% metan iiretimine etkisi ise ¢ok degiskenlik gOstermistir. 15. giin 6rneklerinde %10 oraninda diisiis
saptanmis ancak 30. giin fermente Orneklerde bu diisiis tespit edilememistir. PAS+SS ile yiiriitiilen
fermantasyonda % metan iiretimi fermantasyon boyunca azaldigi saptanmistir. Gergek sindirililebilir kuru
madde (GSKM) SS fermantasyonunda 15. giin fermente iiriinde %18 oraninda diisiis olmasina ragmen 30.
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giin fermente iiriinde 0. giine gore etkisinin olmadig1 saptanmistir. PAS fermantasyonunda ise %11
oraninda artmistir. Fermantasyonun TF’ye etkisi incelendiginde SS ve PAS fermantasyonu TF' yi %15-16
oraninda artirmistir. PAS+SS fermantasyonunda ise 15. giin d6rneklerde azaldig1 belirlenmis ancak 30. giin
orneklerinde bu azalma olmamuistir. MP fermantasyon sonunda SS’de %29, PAS’da ise %55 oraninda artis
olmustur. MP'nin artisina bagh olarak MPSE de SS ve PAS fermantasyonlarinda %30-40 oraninda artma
olmustur. PAS+SS fermantasyonunda MP ve MPSE 15. giin 6rneklerde azalmistir. Fermantasyonun GSD
lizerine etkisi ise SS fermantasyonun 15. giinde diismesine ragmen 30. giin fermente {iriinde 0. glindeki
ornekle arasinda farklilik olmadig1 saptanmistir. PAS fermantasyonunda ise yaklasik %12 oraninda GSD
iyilesmistir.

Cizelge 3. Fermantasyonun ¢ayir otu net gaz, metan (ml ve %), GSKM, TF, MP, MPSE ve GSD’ye etkisi.
Table 3. Effect of fermentation on net gas, methane (ml and %), GSKM, TF, MP, MPSE and GSD of meadow grass.

Inokulant Giin Net Gaz NetMetan Metan GSKM TF MP MPSE GSD

(ml) (m1l) (%) (mg) (mg) (%) (%)
0 35.524 19.242b 21.35b 266.64P 3.23bc 8477 31.79bc 52.56P
SS 15 30.32¢ 19.382 25412 219.25¢ 3.13¢d  65.24¢  29.76bd 43.56¢
30 30.44¢ 19.442 25.24a 265.00P 3.752  109.532  41.30° 52.37b
0 40.27° 19.432 19.24de 271.30° 2934 67.43bc 24,854 54,090
PAS 15 42.862 18.872b 17.21f 298.352 2964  76.87b¢<  25.764 58.272
30 39.12b 18.35b 18.92¢ 300.012 3.370  104.21=  34.68° 60.492
0 37.62¢ 19.332 20.23¢ 271.24b 3.09¢d  7837bc 28,89« 53.39p
PAS+SS 15 37.34¢ 18.832b 20.02<d 252.84b 2934 6290 24.794 50.16°
30 37.86¢ 18.6220 19.71cde 270.00b 3.08<«d  76.32bc 2853 53.52b
p degeri 0.000 0.005 0.000 0.000 0.000 0.000 0.000 0.000
SHO 0.777 0.091 0.518 4.573 0.050 3.233 1.026 0.914

abede Ayni harflere sahip ve aym siitiin yer alan ortalamalar arasinda fark yoktur (P<0.05), SHO: Standart hata
ortalamasi, GSKM: Gergek sindirilen kuru madde; TF: Taksimat faktorii; MP: Mikrobiyal protein; MPSE: Mikrobiyal
protein sentezleme etkinligi; GSD: Gergek sindirim derecesi.

Cayir otunun SS ile fermantasyonu sonucunda gaz tiretiminin diistiigli, PAS fermantasyonunun 15. giin
orneklerinde ise arttig1 saptanmustir. SS ile yiiriitiilen fermantasyondaki gaz igeriginin diisiisiiniin KFF'de
kolay sindirilebilir karbonhidratlarin pargalandig1 ve toplam kiitlede sindirimi diisitk ADF ve NDF gibi
yapisal karbonhidratlarin artmasi neticesinde gaz {iretiminin diisiik olmasmin etkisi oldugu
distiniilmektedir. Ciinkii Nasehi vd. (2017) ADF ve NDF ile gaz iiretimi arasinda negatif korelasyon
oldugunu ve KFF'de depo karbonhidratlarin par¢alanmasinin fermente {irliniin gaz igerigini
diistirebilecegini belirtmislerdir. Nitekim SS fermantasyonunda da NDF ve ADF iceriginin artisina paralel
olarak gaz {iretiminin diistiigii, PAS fermantasyonunda ise 15. giin 6rneklerinde NDF ve ADF igeriginin
diistiigli gaz tiretiminin ise arttig1 saptanmistir. PAS fermantasyonunun 30. giin 6rneklerinde ise NDF ve
ADF igeriklerinin arttig1 ve gaz iiretiminin diistiigii tespit edilmistir. Cayir otu fermantasyonunun gaz
tiretimine etkisi Nasehi vd. (2017) tarafindan yiiriitiilen fermantasyon calismasinin sonuglarina uyum
gostermektedir. Bu calismada gaz iiretiminin diiglisii toplam kiitlede yapisal karbonhidrat miktarinin
artigindan kaynaklandig diistiniilmektedir. Menke ve Steingass (1988) yaptiklar1 bir calismada toplam gaz
iiretiminin HK ve NOM ile ters iliskili oldugunu bildirmistir. Yani HK ve NOM igerigi fazla olan yemlerin
toplam gaz iiretimi diisiik olmaktadir. Fermantasyon sirasinda agiga ¢ikan gaz, direkt ve endirekt olmak
tizere iki sekilde olugsmakta olup; agiga ¢ikan gaz miktarinin fermente olan besin madde miktarina bagh
oldugu bilinmektedir. Yemin igerisinde ne kadar fazla fermente olabilen madde varsa o kadar fazla gaz
iiretimi olmaktadir (Cengiz ve Kamalak 2020). Ruminant beslemede diger bir 6nemli gazda metandar.
Yemlerin antimetanojenik 6zellige sahip olmasi hayvan besleme ve ¢evre agisinda Snemlidir. Ciinkii
fermantasyon sirasinda agiga ¢ikan enterik metan hem kiiresel 1ssnmaya hem de yemin enerji kaybina
neden olmasindan dolay1 hem gevreciler ve hem de hayvan beslemeciler tarafindan arzu edilmemektedir.
Metan gaz1 karbondioksit gazindan sonra kiiresel isinmaya neden olan ikinci gazdir. Toplam salian metan
miktar1 az olmasina ragmen giinesten gelen 1s1y1 karbondioksite gore 23 kat daha fazla tutmaktadir.
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Ruminant hayvanlar tarafindan alman sindirilebilir enerjinin %2-12'si enterik metan {iiretiminde
harcanarak kaybedilmektedir (Getachhew ve ark., 2005; Johnson ve Johnson, 1995). Ciinkii metan iiretimi
ruminant hayvanlar i¢in yemlerdeki sindirilebilir enerji kayb1 anlamina gelmektedir (Cengiz ve Kamalak,
2020). SS fermantasyonun metan igerigini artirdigi, PAS ve PAS+SS ile yiiriitiilen fermantasyonlarda
azaldig1 saptanmistir. Kat1 faz fermantasyon sonucunda metan igeriginin artmasi literatiirdeki sonuglarla
uyum gostermektedir (Tuyen vd., 2013; Khonkhaen ve Cherdthong, 2020). GSKM ve GSD igerigi ile NDF,
ADF ve ADL igerigi arasinda negatif korelasyon oldugunu bildirilmistir (Datsomor vd., 2022). Bu
calismada da GSKM ve GSD igeriginin NDF, ADF ve ADL igerikleri arasinda negatif korelasyon
gortilmektedir. GSKM ve GSD ile NDF, ADF ve ADL arasindaki negatif korelasyon literatiirdeki
calismalarla paralellik gostermektedir (van Kuijk vd., 2015; Ozkan vd., 2020; Datsomor vd., 2022). Cayir
otunun SS ve PAS ile fermantasyonunun TF {izerinde pozitif bir etkisi (SS fermantasyonunda TF 3.23’den
3.75’e, PAS fermantasyonunda ise 2.93’den 3.37’e yiikselmistir) oldugu saptanmistir. Ruminant
hayvanlarin beslenmesinde kullanilan yemlerin teorik TF’si 2.75 ile 4.41 arasinda oldugu ve TF'nin
MPSE’yi belirleyen temel faktorlerden oldugu bildirilmistir (Bliimmel ve Lebzien, 2001; Cengiz ve
Kamalak, 2020; Ozkan vd., 2020). Literatiirde de belirtildigi iizere bu galismada da TF'nin artmasina paralel
olarak MPSE ve MP iceriginde artis tespit edilmistir. TF ile MP ve MPSE arasindaki iliski literatiirdeki
calisma sonuglari ile de uyum igerisindedir (Cengiz ve Kamalak, 2020; Ozkan vd., 2020).

Cayir otunun farkli inokulanlar kullanilarak yiirtitiilen 30 giinliik fermantasyon sonucunda KMS, KMT,
NYD ve OMS igeriklerinde istatistiksel olarak 6nemli degisiklikler tespit edilmistir (Cizelge 4) (P<0.001).

Fermantasyonun KMS’ye etkisi incelendiginde SS ile yiiriitiilen fermantasyonda azaldigi, PAS ile
fermantasyonunda 15. giin orneklerinde arttig1, PAS+SS ile yiiriitiilen fermantasyonda ise fermantasyon
siiresince arttigr saptanmistir. Cayir otunun 3 farkli fermantasyonu sonucunda KMT'nin SS
fermantasyonunda azaldigi, PAS fermantasyonunda arttig1 ve PAS+SS fermantasyonunda ise istatistiksel
bir degisim olmadig1 tespit edilmistir. NYD ise KMS ve KMT’ye bagh olarak SS fermantasyonunda
azalirken, PAS ve PAS+SS fermantasyonlarinda arttig1 saptanmistir. NYD'ne benzer sekilde OMS’de SS
fermantasyonunda azalirken, PAS ve PAS+SS fermantasyonlarinda artmistir.

Cizelge 4. Fermantasyonun gayir otu KMS, KMT, NYD ve OMS'ye etkisi.
Table 4. Effect of fermentation on KMS, KMT, NYD and OMS of meadow grass.

inokulant  Giin KMS (%) KMT (%) NYD OMS (%)
0 63.42bc 1.94¢ 95.49¢ 52.95¢
SS 15 60.43 1.834 85.72t 48.77¢
30 58.894 1.87 85.56¢ 48.84¢
0 64.80 2.16> 108.67"e 57.44p
PAS 15 67.65 2.382 124.74a 60.082
30 64.18 2.27a 113.000 56.49be
0 62.66b 2.07b 100.454e 55.074
PAS+SS 15 64.35% 2.09° 104.20< 54.964
30 65.59b 2.06P 104.90< 55.69
p degeri 0.000 0.000 0.000 0.000
SHO 0.526 0.034 2.366 0.699

abedef Aymi harflere sahip ve ayni siitiin yer alan ortalamalar arasinda fark yoktur (P<0.05), SHO: Standart hata
ortalamasi, KMS: kuru madde sindirimi; KMT: kuru madde tiiketimi; NYD: nispi yem degeri; OMS: organik madde
sindirimi.

Kaba yemlerin sindirimini etkileyen en 6nemli faktorlerden birisi lignin igerigi olup, gesitli metotlar
uygulanarak lignin igeriginin azaltilmasi neticesinde kuru madde sindiriminin artacag: bildirilmistir
(Fazaeli vd., 2007; Jafari vd., 2007; Sufyan vd., 2021). Benzer sekilde arastirmacilarin gesitli samanlarin
fermantasyonu sonucunda ligninin azaldigini ve KMS'nin iyilestigini belirtmislerdir (Fazaeli vd., 2007;
Jafari vd., 2007; Sufyan vd., 2021). Bu ¢alismada da ¢ayir otunun PAS ve PAS+SS ile fermantasyonlarinin
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15. giin 6rnekleri ile literatiirdeki lignin ve KMS arasindaki iliskiye benzer sonuglar elde edilmistir (Fazaeli
vd., 2007; Jafari vd., 2007; Sufyan vd., 2021). Benzer sekilde 30. giin Orneklerinde ligninin artmasi ile
KMS'nin 15. giin 6rneklere gore azalmasi (PAS fermantasyonu) ve degismedigi (PAS+SS fermantasyonu)
bu korelasyonu destekler nitelikte sonuglardir. Ancak SS ile yiiriitiilen fermantasyonda bu korelasyon
bulunamamis ve literatiirdeki ¢alismalarla uyum gostermemektedir (Fazaeli vd., 2007; Jafari vd., 2007;
Sufyan vd., 2021). Datsomor vd. (2022) yaptiklar1 ¢alismada ise sadece ligninin azaltilmasi KMS'nin
iyilestirilmesinde yeterli olamayacagini seliiloz igeriginin de sabit kalmasi veya azalmasi gerektigini,
artmast durumunda KMSnin diisecegini belirtmislerdir. Bu c¢alismada da ¢ayir otunun SS ile
fermantasyonunda KMS’si yaklasik %7 oraninda diismiistiir. Bu diisiis fermantasyonda seliiloz iceriginin
artmasindan kaynaklanmaktadir. Cayir otunun SS fermantasyonunda KMS igeriginde elde edilen sonuglar
Datsomor vd. (2022) geltik samani ile P. chrysosporium ile yiiriittiikleri fermantasyon ¢alismasinin sonuglari
ile paralellik gostermektedir.

Yemlerin yapisindaki NDF, ADF ve lignin igeriklerinin artmasi KMT, NYD ve OMS igeriklerinin
azalmasina neden oldugu bildirilmistir (Van Soest, 1994; Canbolat, 2012). Bu fermantasyon ¢alismasinda
da hiicre duvari bilesenlerinin artmasi ile KMT, NYD ve OMS azalmasi (SS fermentasyonu), hiicre duvar:
bilesenlerinin azalmasi ile KMT, NYD ve OMS artmas: (PAS ve PAS+SS fermantasyonu) literatiirdeki
sonuglarla benzerlik gostermektedir (Van Soest, 1994; Canbolat, 2012).

SONUC

Cayir otunun 3 farkli kat1 faz fermantasyonu sonucunda kompozisyonunda énemli degisiklikler tespit
edilmistir. Yiiriitiilen fermantasyonlarda yapisal karbonhidratlarda ve % metanda azalma, net gaz tiretimi,
GSKM, TF, MP, MPSE ve GSD parametrelerinde artis olmasi neticesinde PAS ile yiiriitiilen fermantasyon
(0zellikle de 15. giiniindeki 6rneklerde) yemlerin kompozisyonunun iyilestirilmesi ac¢isindan 6nerilebilir.
Ancak PAS ile kaba yemler iizerinde yapilacak kat1 faz fermantasyon calismalarinda katki maddesi
kullanilmasi ile fermantasyon etkinligini artirilabilecegi diistiniilmektedir. Elde edilen bu sonuglarn in vivo
denemelerle hayvanlarda yem tiiketimine ve sindirim derecesine olan etkisinin belirlenmesi fayda
saglayacaktir.

CIKAR CATISMASI
Makale yazarlar1 aralarinda herhangi bir gikar catismasi olmadigini beyan ederler.

YAZAR KATKISI
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