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Ozet

Bu calismada musir silajmma katki maddesi olarak yemlik kegiboynuzu kirigi
kullanilmigtir. 60 giinliik silolama sonucunda olusan silajlarin besin madde
kompozisyonu, fermantasyon parametreleri ve in vitro fermantasyon degerleri ve
aerobik stabilitesi incelenmistir. Olusan silajlarin kuru madde igerikleri %23.66 ile
25.73 arasinda bulunmustur. Ham kiil igerikleri %11.01 ile 14.77 ve ham protein
icerikleri %7.29-8.09 arasinda bulunmustur. Silajlarin ADF ve NDF igerikleri
strastyla 9%12.97-14.82 ve 23.74-26.87 tespit edilmistir. Silajlarin pH’lan1 3.61 ila
3,80 arasinda bulunmus ve olmasi gereken pH degerlerinden diisiik bulunmustur.
Katki dozlarina bagh olarak silajlarin fleig skorlann 87.47 ile 93.46 arasinda
hesaplanmistir. Silajlarin in vitro fermantasyon parametreleri incelendiginde net gaz
iiretimleri 34.62 ile 36.2 ml arasinda degismis olup metan iiretim yiizdeleri 16,90-
17.87 arasinda degismistir. Katki dozunun artmasi ile olusan silajlarin metabolik
enerji igerikleri 7.68 den 8.36 yiikselmistir. Katki dozunun artmasi ile icermis
oldugu seker orani ile dogrudan alakali olarak aerobik stabiliteleri 6ne ¢ekilmis yani
kontrol grubuna gore daha erken bozuldugu goriilmiistiir.

Anahtar Kelimeler: Yemlik kegiboynuzu kirigi, misir silaj, hayvan besleme, in
Vitro

The Use of Honeylocust Bean Fracture as an Additive for Corn Silage

Bu ¢alisma Hiiseyin
ATES’in Yiiksek Lisans
tezinden {iretilmistir.

Bu makalede etik kurul
onayini gerektirecek bir
deneye yer verilmemistir.

Gelis Tarihi: 24.04.2022

Abstract

In this study, the honeylocust bean fracture was used as an additive for corn silage
for 60 days of silage period. Nutrient composition, fermentation parameters, in vitro
fermentation values and aerobic stability of the silages were investigated. The dry
matter contents of the silages ranged from 23.66 to 25.73%. Crude ash contents
varied between 11.01 and 14.77%and crude protein contents between 7.29 and
8.09%. The ADF and NDF contents of the silages were found as 12.97-14.82% and
23.74-26.87%, respectively. The pH of the silages ranged from 3.61 to 3.80 and was
lower than the required pH values. Depending on the additive doses, the fleig scores
of the silages were calculated between 87.47 and 93.46. When in vitro fermentation
parameters of the silages were investigated, the net gas productions varied between
34.62 and 36.2ml, and the methane production percentages changed between 16.90-
17.87. With the increase of the additive dose, the metabolic energy content of the
silages increased from 7.68 to 8.36. And, their aerobic stability was brought forward
in direct relation to the sugar content, that is, it was observed that they deteriorated
earlier than the control group..

Key words: Honeylocust bean fracture, corn silage, animal nutrition, in vitro
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GIRIS
Hayvancilik yapanlar i¢in en 6nemli konulardan birisi de kaba yemin kaliteli olmasidir. Kaba
yem, hayvanciligin 6nemli bir pargasidir. Son zamanlarda iilkemizde gevis getiren hayvanlarin kig

aylarinda dengeli beslenmesini saglamak ve yiiksek kaliteli kaba yem ihtiyacin1 karsilamak amaciyla
silaj liretimine agirlik verilmektedir.

Silaj; genellikle yesil ve su bakimindan zengin kaba yemlerin oksijensiz ortamda kismi
fermantasyonu ile elde edilir. Ulkemizde yonca, fig, arpa, bugday ve mera otu gibi baklagiller basta
misir olmak tizere tek tek veya birlikte (karistirilarak) silo haline getirilerek silaj yapilir. Hayvanlar
cok 1yi bir genetik kapasiteye ve ¢evre kosullarina sahip olsalar da dikkatli bir sekilde beslenmeden ve
ozen gosterilmeden istenilen yiiksek verim elde edilemez. lyi bir silaj yapmanm birkag kriteri vardir.
pH, aerobik stabilite ve besin degeri onemli kalite kriterleridir (Keskin ve ark., 2016).

Silajin oksijene maruz kaldiktan sonra bozulmasi i¢in gegen siire aerobik stabilite olarak bilinir.
Silaj oksijene maruz kaldiktan sonra maya ve mantarlar hizla biiyiir ve biiyilyen maya ve mantarlar
silajin ortam sicakligini ve pH'mi ylikselterek silajin kalitesini diistiriir. Bilindigi gibi silaj materyalinin
uzun siire bozulmadan kalabilmesi i¢in pH degerinin 4 civarinda olmasit gerekmektedir. Silaj
materyalinin pH degerini diisiirmek icin laktik asit bakterilerinin laktik asit liretmesi gerekir. Silaj
pH’indaki disiis, iretilen laktik asit miktarina baghdir. Laktik asit bakterilerinin bunun igin
kullanabilecegi tek kaynagin suda eriyen karbonhidratlar oldugu ve iyi bir silaj i¢in gerekli olan suda
eriyen karbonhidrat iceriginin nemli silaj materyalinin kuru maddesinin %3.0’1 olmas1 gerektigi
bildirilmistir (Chamberlain ve Wilkinson, 1996). Giiniimiizde c¢esitli yem materyallerinden silaj
yapilabilmesine karsin bazen istenilen nitelikte silaj elde etmek miimkiin olamamaktadir. Bu durumun
yem materyalinden kaynaklandigi gibi silolama sirasindaki uygulamalardan da kaynaklanabilir. Bazi
baklagil yemlerin silolanmasi ¢ok gii¢ olmasina karsin kiigiik daneli yemlerin silolanmasi daha basittir.
Yalnizca silolanacak iyi bir yem materyalinin se¢imi, nitelikli silaj elde etmek icin yeterli degildir.

Silaj tretimi sirasindaki uygulamalar ozellikle, uygun hasat zamani, uygun biiyiikliikte
dogranmasi, sikistirilmasi ve en kisa siire igerinde silonun kapatilmasi, silaj niteligini tanimlayan
unsurlardandir (Keskin ve ark., 2017). Son zamanlarda daha ¢ok giindeme gelen aerobik stabilite
ehemmiyetli bir kriter olup silaj niteligiyle ters orantilidir. Silaj niteligi artikga aerobik stabilite
eksilmektedir. Bagka bir ifadeyle, silaj niteligi artik¢ca, havayla temas eden silaj daha kisa siirede
bozulmaktadir. Bundan dolay1 istenilen nitelikte ve aerobik stabilitede silaj elde etmek igin silolanacak
materyale cesitli katki maddeleri katilmaktadir. Ke¢iboynuzu yapraklari, Akdeniz ikliminin kosullarina
ayak uyduracak sekilde kat1, genis ve tiiylii bir yapiya sahiptir. Biitiin mevsimlerde ve kosullarda yesil
kalabilen yapraklariin biiyiikliigi 3-5 cm arasindadir. Kegiboynuzu agacinin yesil ve gorece kiigiik
cigekleri vardir ve bu c¢igekler 40 — 60 adetli gruplar seklinde salkim olusturmaktadir. Meyveleri
olgunlagmadan Once yesil ve parlak olup olgunlagmaya basladik¢a kahverengine doniigiir. Yabani
tiriin meyveleri ile kiiltire alinmig tlirlerin meyveleri arasinda farkliliklar vardir. (Giinal, 1999).
Yemlik ke¢iboynuzu kiriginin icermis oldugu kondense tanenin anti-fungal etkisinin oldugu
bilinmektedir. Insan besini olarak ta kullanilir. Bunun yaninda ruminant hayvanlarin yem ihtiyacini
karsilamak i¢in kullanilir. Bu 6zelliginden dolay1 katki maddesi olarak kullanilacagi misir silajlarinin
kalite parametreleri besin degerleri ve aerobik stabilitesinin iyilestirilmesi hedeflenmektedir.
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MATERYAL ve YONTEM

Silaj ornekleri Igdir ilinde bulunan tarlalardan alinarak 2 It plastik bidonlar igerisine hava
almayacak sekilde sikistirilarak 4 muamele 3 tekerriirlii olacak sekilde alinmigtir. Muameleler %0, 1.5,
3 ve 4.5 oraninda yemlik keciboynuzu kirig1 katilarak hazirlanmistir. Alinan 6rnekler bozulmamasi
icin zaman kaybina mahal vermeden boliimiimiiz laboratuarina getirilerek, kimyasal ve ¢esitli silaj
kalite parametrelerini belirlemek amaciyla analizler i¢in hazirlanmistir.

Kimyasal kompozisyon

Altmig giin silolanmis 6rneklerde Oncelikle silaj kalite parametrelerinden olan pH Olgiimleri
yapilacak (Kung ve ark., 2000) ve kuru madde miktarlar1 belirlenecektir (AOAC, 1990). Diger
analizlerin yapilmasi i¢inde 70 °C derecede 48 saat kurutulup 1 mm elekten gegecek sekilde ogiitiilerek
kimyasal analizler ve in vitro gaz liretimi i¢in hazir hale getirilecektir. Kimyasal analizler 3 tekerriirlii
yapilacaktir. Yemlerin kuru madde, ham kiil, ham protein, ve ham yag analizi AOAC, (1990) bildirilen
yontemlere gore yapilacaktir. Yemlerin notral deterjan fiber NDF ve asit deterjan fiber ADF igerikli
ise Van Soest ve ark. (1991) bildirdigi metoda gore yapilacaktir. Daha sonra silajlarin fleig skorlar1
(Kilig, 1984) hesaplanacak ve Meeske (2005) gorede olmasi gereken pH’lar hesaplanacaktir.

“Olmas1 gereken pH degeri” Meeske (2005) tarafindan Onerilen bir fikir olup, silajlarin KM
icerigi silajlarin pH degerlerini dogrudan etkilemektedir. Yani bu fikre gore her silajin pH degeri kuru
maddesine gore sekillenmektedir.

Olmasi gereken pH = 0,00359 x KM (g/kg) + 3,44 (Meeske, 2005). (1)

Silaj materyalinin hava ile temas ettikten sonra, silaj materyalinin 1sisinin, ¢evre 1sisinin 2 "C
lizerine ¢ikmasi i¢in gecen siire ‘Aerobik Stabilite’ olarak adlandirilmaktadir. Hazirlanan silajlarin
icerisine 1s1 problart kullanilarak 1s1 degisimleri dl¢lilmiis ve ardindan Data logger’lara kaydedilmistir
(Kung ve ark., 2001).

In vitro fermantasyon parametreleri

Hassas terazide dlgiilen yaklasik 0.2 gr agirligindaki ogiitiilmiis 6rnekler gaz iiretim analizi i¢in
100 ml hacme sahip cam siringalara konulmustur. Cam siringa pistonlarina son kismindan 2 parmak
uctan ise 3 parmak temiz kalacak sekilde vazelin siiriilmiistiir. Vazelin siiriilmiis pistonlar iclerinde
ornek bulunan cam siringalara 30 ml ¢izgisine kadar itilip silikon hortumlu ucu klips yardimiyla
kapatilmistir. Analizde kullanilacak siringa sayisina gore tartim isleminden sonra, ilk olarak yapay
tikiirtik sivist hazirlanmistir. Hazirlanan yapay tiikiiriik sivist lizerine kesimhaneden alinmis rumen
stvi homojen sekilde siiziiliip karistirilarak dokiilmiistiir. 100 ml’lik cam siringalarin igine biiret
yardimiyla hazirlanan ¢ozeltiden 30 ml (10 ml rumen sivist + 20 ml yapay tiikiiriik) eklenmistir.
Ornekler ii¢ tekerriir olacak sekilde 39 °C sabit sicaklikta bulunan su banyosunda Inkiibasyon
birakilmistir. Inkiibasyondaki cam sirgalarin gaz iiretim dlgiimleri 24 saatte yapilmistir (Menke ve
Steingass, 1988).

Metan iiretimi

24 saatlik fermantasyon sonucu olusan gaz, cam siringalardan 100 ml’lik plastik siringalara
cekilmigtir. Daha sonra S-AMG 1010 cihazinda metan orani belirlenerek sonuglart % ve ml olarak
yazilmistir (Goel ve ark., 2008).
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Organik madde sindirilebilirlik derecesi (OMSD)

OMSD(%)= 14.88+0.889 GU+0.45 HP+0.0651 HK (2)
formiiliine gore hesaplanmistir (Menke ve ark.,1979).

Metabolik enerji (ME)

ME (Mj/kg KM) = 2.2+0.1357 GU+0.057HP+0.002859HY 3)
formiiliine gore hesaplanmistir (Menke ve ark., 1979).

istatistik analiz

Elde edilen parametreler varyans analizine (ONEWAYANOVA) tabi tutulmus ve Tukey ¢oklu
karsilagtirma testi ile ortalamalar arasindaki farklar belirlenmistir.

BULGULAR ve TARTISMA

Altmis giin boyunca silolama yapilan karigimdan elde edilen silajlarin kompozisyonlarina ait
parametreler Cizelge 1’de verilmistir. Katki maddesi olarak kullanilan yemlik kegiboynuzunun
silajlarin kompozisyonunu KM, HP ve NDF’yi etkilememisken ham kiil, ADF ve ham yagi énemli
derecede etkilemistir.

Cizelge 1. Katki Maddesinin silajlarin besin madde kompozisyonuna etkisi
Table 1. Effect of Additive on nutrient composition of silages

%KM %HK %HP %NDF %ADF %HY

Kontrol 24.38 12.19¢ 8.09 25.11 14.82a 12.73b

%1.5 23.66 14.77a 7.29 26.87 14.76a 11.18b

%3 24.73 14.21b 7.82 23.74 13.31b 15.52a

%4.5 25.73 11.01d 7.8 26.4 12.97b 16.73a

SEM 0.429 0.874 0.165 0.703 0.482 1.268
0s 0s ok 0s 0s * ok

abc Ayni harflere sahip ve ayni satirda yer alan ortalamalar arasinda fark yoktur (P<0.05), SHO: Standart hata ortalamasi, OS: Onem seviyesi, ***- P
<0.001, **- P<0.01, KM: Kuru madde, ADF: Asit deterjan fiber, NDF: Nétral deterjan fiber, HP: Ham protein, HY: Ham yag

Mistr silajlarinin KM igerikleri %23.66 ile 25.73 arasinda degismis olup, yemlik kec¢iboynuzu
kirnginin kullanilmasiyla birlikte musir silajlarin kuru madde igeriginde istatistiki olarak fark
bulunamamigstir. Misir silajlarinin kiil icerigi %11.01 ile 14.77 arasinda degismis olup yemlik
kegiboynuzu kirigimin kullanimiyla birlikte silajlarin kil icerigi %1.5 ve %3 katki maddesi katilan
orneklerde yiikselmis, %4.5 oraninda katki maddesi katilan 6rnekte biiyilik bir diislis gozlemlenmistir.
Yemlik kegiboynuzu kirigmin kullanim orani ile misir silajlarinin kiil icerigi arasindaki iliski Cizelge
I’de verilmigtir. Bir birim yemlik kegiboynuzu kiriginin eklenmesiyle birlikte kiil igeriginde 1.18
birimlik azalis meydana gelmistir. Silaj kil icerigindeki bu azalisin sebebi, yemlik kegiboynuzu
kirigimin kiil igeriginin musir silajindan daha diisiik olmasidir. Kamalak ve ark. (2012)’nin yoncayla
yaptig1 ¢aligmada, yemlik keg¢iboynuzu kiriginin katilmasiyla birlikte olusan yonca silajlarinin kiil
iceriginde onemli derecede diisiis oldugunu bildirmislerdir. Bu baglamda c¢alismamizda elde edilen
bulgular Kamalak ve ark. (2012)’nin bulgular1 ile uyum igerisindedir.

Kontrol grubu musir silajinin ham protein igerigi %8.09 bulunmus olup, yemlik keciboynuzu
kiriginin eklenmesiyle birlikte olusan musir silajinin HP igeriginde 6nemli diistisler gozlenmemistir.
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Yemlik ke¢iboynuzu kiriginin kullanim orani ile olusan silajlarin HP igerigi arasinda iliski Cizelge
1’de verilmistir.

Kontrol grubu musir silajinin NDF igerigi %25.11 bulunmus olup yemlik kegiboynuzu kiriginin
kullanilmasiyla birlikte olusan musir silajlarin - NDF igeriginde fark bulunmamistir. Yemlik
keciboynuzu kirigmin kullanim orami ile olusan silajlarin NDF igerigi arasinda iliski Cizelge 1°de
verilmistir.

Kontrol grubu musir silajinin ADF igerigi %14.82 bulunmus olup yemlik kegiboynuzu kiriginin
%1.5 oraninda fark goriilmezken %3.0 ve %4.5 oraninda eklenmesiyle birlikte olugsan misir silajinin
ADF igeriginde onemli diislisler meydana gelmistir. Yemlik ke¢iboynuzu kirigimin kullanim orani ile
misir silajlarinin ADF igerigi arasinda ki iliski Cizelge 1°de verilmistir. Misir silajinin  ADF
icerigindeki bu azalmanin sebebi yemlik keciboynuzu kiriginin ADF igeriginin misir silajindan biraz
diisiik oldugundan kaynaklandig diisiiniilmektedir. Bu ¢alismada elde edilen bulgular Kamalak ve ark.
(2012)’n1n bulgulari ile uyumlu bulunmaktadir. Kamalak ve ark. (2012) yiiriittiikkleri ¢aligmada, yemlik
keciboynuzu kiriginin yonca otuyla birlikte silolanmasi sonucu olusan yonca silajinin ADF igeriginin
onemli derecede azaldigini bildirmislerdir. Kamalak ve ark. (2012)’nin yaptig1 ¢calismada kullanilan
yemlik ke¢iboynuzu kiriginin ADF igerigi yonca otundan daha diisiik bulunmustur. Dolayisiyla katk1
oraninin artmastyla birlikte olusan yonca silajinin ADF igerigi de azalmistir.

Kontrol grubu musir silajinin ham yag icerigi %12.73 bulunmus olup, yemlik keciboynuzu
kirnginin %3 ve %4.5 oraninda katilmasiyla birlikte olugan musir silajinin HY igeriginde onemli
yiikselis meydana gelmistir. Yemlik keciboynuzu kirigimin kullanim orani ile olusan silajlarin HY
icerigi arasinda iliski Cizelge 1°de verilmistir. Misir silajinin ham yag icerigindeki bu artisin sebebi
yemlik kegiboynuzu kiriginin ham yag igeriginin misir silajinin HY igeriginden diisiik olmasidir.

Cizelge 2. Katki maddesinin Silajlarin fermantasyon parametrelerine etkisi
Table 2. Effect of the additive on the fermentation parameters of silages

Muamele PH OlpH FS
Kontrol 3.7 4.31 90.49
% 1.50 3.61 4.29 92.8
% 3.00 3.8 4.33 87.47
% 4.50 3.7 4.36 93.46

SEM 0.038 0.015 1.498
(O (O (O (O

®cAyn1 harflere sahip ve ayni siitiinda yer alan ortalamalar arasinda fark yoktur (P<0.05). SHO: Standart hata ortalamasi. OS: Onem seviyesi. .
##% P<(.001. Ol pH: olmasi gereken pH. FS: Fleig skoru

Olmas1 gereken pH degeri” Meeske (2005) tarafindan Onerilen bir fikir olup, silajlarin KM
icerigi silajlarin pH degerlerini dogrudan etkilemektedir. Yani bu fikre gore her silajin pH degeri kuru
maddesine gore sekillenmektedir. Ayrica bu kavram baz alinarak kullanilan silaj katki maddelerinin
etkinlikleri belirlenebilmektedir. Katki maddesinin eklenmesi sonucu silaj pH’s1 olmasi gereken pH
degerine esit veya ondan diisiik ise o katki maddesinin kullanim dozunun etkin oldugu sdylenilebilir.
Katki maddesinin eklenmesi sonucu silaj pH’st olmasi gereken pH’dan yiiksek ise silaj katki
maddesinin kullanilan dozunun etkin olmadig1 ve katilmasinin bir yarar saglamayacagini sdylemek
miimkiindiir. Silolama sonucunda olusan silajlarin olmasi1 gereken pH degerleri asagidaki formiil
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kullanilarak belirlenmistir. Olmas1 gereken pH degerleri ile calismada elde ettigimiz pH degerleri
Cizelge 3’te verilmistir. Bu calismada elde edilen silajlarda olmasi gereken pH’lar Cizelge 3’te
verilmigstir. Kamalak ve ark. (2012) yaptiklar1 calismada yonca silajinin giivenli bir sekilde silolanmast
icin en az %4.5 oraninda yemlik kegiboynuzu kirig1 gerektigini vurgulanmistir. Bizim yaptigimiz
caligmayla benzerlik gostermemistir.

Yemlik ke¢iboynuzu kirigr katki maddesinin misir silajinin Fleig skoruna (FS) etkisi Cizelge
2’de gosterilmistir. Katki maddesi olarak kullanilan yemlik kec¢iboynuzunun misir silajinin FS
iceriklerini onemli derecede etkilememistir. Cizelge 2’de goriildiigii gibi musir silajlarmin Fleig
skorlart 87.47 ile 93.46 arasinda degismistir. Katkisiz musir silajinin Fleing skoru 90.49 olarak
bulunmustur. Yemlik keciboynuzu kiriginin eklenmesiyle birlikte silaj kalitesinde bir degisim
gozlenmemistir. Bir birim yemlik ke¢iboynuzu kiriginin katilmasiyla birlikte silajlarin Fleig skorunda
2.31 birimlik artig ortaya ¢ikmustir. Fleig skorlarindaki bu artisin sebebi, yemlik ke¢iboynuzu kiriginin
musir silajlarinin pH sini1 diistirmesi ve kuru madde igerigini yiikseltmesi oldugu diisiiniilmektedir. Bu
calismada elde edilen bulgular Kamalak ve ark. (2012)’nin bulgulart ile uyum gostermemektedir.
Kamalak ve ark. (2012) yoncayla yaptiklari ¢alismada, yemlik keciboynuzu kiriginin yonca silajlarinin
Fleig skorlarini, baska bir ifadeyle silaj kalitesini 6nemli derecede yiikselttigini bildirmislerdir.

Silajlarin in vitro fermantasyonuna, ME ve in vitro OMSD’ne etkisi ve metan iiretimleri

Katki maddesi katilan silajlarin in vitro fermantasyonuna, metabolik enerji ve in vitro organik
madde sindirim derecesine etkisi ve metan tiretimleri Cizelge 3’te verilmistir. Silajlardan elde edilen
veriler arasinda istatistiki olarak ©onemli farklilar bulunamamistir. En yiiksek gaz iiretimi %4.5
oraninda katki maddesi katilan silajda bulunurken en diisiik gaz iiretimi %1,5 oraninda katki maddesi
katilan silajda bulunmustur. Elde edilen sonuglar Hasan (2015) ve Sucu (2009)’un bildirmis olduklar1
degerlerden diisiik bulunmustur. Silajlarin metan {iretimleri ise 5.85 ile 6.37 ml arasinda degismistir.
Fermente olabilen yem miktar1 gaz ve metan iiretimini direk etkilemektedir. Fermente olabilen yem
miktar1 gaz ve metan iiretimini direk etkilemektedir. Mayalanabilen substrat miktar1 ne kadar ¢ok olur
ise o derecede c¢ok gaz ile metan iretilmektedir. Metan ve gaz olusan yemlerde bulunan
karbonhidratlarin fermantasyonu sonucunda olugsmaktadir. Diger besin maddelerinden protein ve
yaglarin katkis1 diisiiktiir (Makkar, 1995) Yemlik ke¢iboynuzu kirigiin misir silajinda katki maddesi
olarak kullanilmas1 sonucu olusan silajlarin Net Gaz net metan ve OMSD degerlerinde higbir farklilik
gozlenmemistir.

Cizelge 3. Silajlarin gaz tiretim kinetigi, metan iiretimi, ME ve OMSD’ne olan etkisi
Table 3. The effect of silages on gas production kinetics, methane production, ME and OMSD

NET GAZ NET METAN %METAN ME OMSD
Kontrol 35.54 6.22 17.48 7.68¢ 57.99
%1.50 34.62 5.85 16.9 7.96° 58.49
%3.00 35.67 6.37 17.87 8.19% 59.3
% 4.50 36.2 6.15 16.98 8.36" 57.68
SHO 0.341 0.11 0.228 0.147 0.353
0s 0s 0s 0s ok 0s

®cAyn1 harflere sahip ve ayni siitunda yer alan ortalamalar arasinda fark yoktur (P<0.05). SHO: Standart hata ortalamasi. OS: Onem seviyesi.
**% P<0.001. Gaz: 24 Saatlik uretilen gaz. ME: Metabolik Enerji. OMSD: Organik Madde Sindirim Derecesi
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Yemlik kegiboynuzu kirigmin katilma orani ile metabolik enerji derecesi arasindaki iligki
Cizelge 3’te verilmistir. Bir birim Yemlik keg¢iboynuzu kiriginin katilmasiyla birlikte metabolik
enerjide artts meydana gelmistir. En yiiksek artis %4.5 oraninda katki maddesi katilan silajda
gbzlemlenmistir.

Yemlik keciboynuzu kirigi ilavesinin musir silajinin aerobik stabilitesine etkisi

Yemlik kegiboynuzu kiriginin misir silajinin aerobik stabilitesine etkisi Sekil 1’de verilmis olup
yemlik keciboynuzu kirigiin ilavesi misir silajinin aerobik stabilitesini katki oraninin artmasiyla
bozulma siirelerini 6ne ¢ekmistir. Muamele gruplarindan kontrol grubu ortam sicakliginin {izerine ilk
once ¢ikmistir. %4.5 muamele grubunun daha erken bozulmasinin sebebi bu grubun hem SCK hem de
laktik asit igeriginin yliksek oldugundan kaynaklandig: diisiiniilmektedir. Katki maddesi katilan diger
gruplarin ise daha sonra bozulmaya basladigr goriilmiistiir. Kontrol gurubunda ise bozulma
gozlenmemistir. Bunun sebebinin silaj gruplarimin amonyak igeriklerinin farkliliklarindan
kaynaklanacagi diisiiniilebilir. Benzer sekilde Kamalak ve ark. (2012) yemlik keciboynuzu kiriginin
katki maddesi kullanarak yonca silajiyla yaptig1 ¢alismada silajlar uzun siire bozulmadan kalmistir.
Normal kosullarda, yiiksek kalitedeki silajlar erken bozulmalarina ragmen her iki ¢alismada kullanilan
yiiksek kalitedeki silajlarin bozulmadigi veya ¢ok ge¢ bozulduklari tespit edilmistir. Bunun sebebi
detayl1 kimyasal analizler yapabilme imkani1 bulunmadigi i¢in agiklanamamistir. Bundan dolay1 her iki
caligmada kullanilan silajlarin bozulmadan kalma mekanizmasini agiklamak icin iilkemizde ¢ok daha
detayli kimyasal analizlere ihtiya¢ duyulmaktadir.

25

24

23

22

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Ortam Bozulma 0 1,5 emm—3 4,5

Sekil 1. Katki maddesinin Silajlarin aerobik stabilitesine etkisi
Figure 1. Effect of additive on aerobic stability of silages

SONUC

Yapilan calisma neticesinde misir silajina farkli dozlarda katilan yemlik ke¢iboynuzu kiriginin
olusan silajlarin kimyasal kompozisyonuna yeterli diizeyde etkilemedigi bunun sebebinin ise katki
maddesinin dozunun ve bilesimindeki etken maddelerin yetersiz kaldigini1 kanaatine varilmistir. Katki
maddesinin katilmasi ile metabolik enerji icerigini artirdii bununda katki maddesinin igerisinde
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bulunan sekerden kaynaklandigi diisiiniilmektedir. Yine aymi sekilde seker iceriginin artmasi ile
silajlarin aerobik stabiliteleri diismiis yani katki orani artik¢a bozulma daha erken olmustur.

Bundan sonraki ¢aligmalarda katki dozu artirilarak silajlarin  kalitesine, fermantasyon
parametrelerine olan etkisinin belirlenmesi ve in vivo kosullarda yem tiiketimine ve sindirim
derecesine etkisinin belirlenmesinin faydali olacagi kanaatine varilmistir.

YAZAR KATKILARI

Yazarlar esit katkiya sahiptir.

CIKAR CATISMASI

Yazarlar arasinda ¢ikar ¢atismast bulunmamaktadir.
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Abstract

Taxonomic positions and phylogenetic relations of Hebeloma species have
not yet been figured out molecularly in Turkey. Most species of the genus are
mainly poisonous and a few of which are edible. Hebeloma crustuliniforme
and H. sinapizans are two important species that contain deadly toxins so
only morphological characters may not be enough for reliable identification.
The DNA sequence of the nuclear ribosomal Internal Transcribed spacer
(nrITS) region is used in addition to morphological characters in the present
study. Phylogenetic analysis is conducted on the sequence dataset by using
the Maximum Likelihood (ML) principle to see the taxonomic placement of
two poisonous species. Studying morphological traits and molecular markers
together is very useful to distinguish these two poisonous species from close
relatives. The first sequence data of these species were added to the literature
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INTRODUCTION

Hebeloma (Fr.) P. Kumm. is an ectomycorrhizal genus of family Hymenogastraceae widespread
in alpine and arctic habitats (Vesterholt, 2005). Most species of the genus are mainly poisonous except
a few of which are reported as edible (Montoya et al., 2004, 2008; Pérez-Moreno et al., 2008;
Carrasco-Hernandez et al., 2015; Eberhardt et al., 2020). Cytotoxic compounds may be implicated in
Hebeloma toxicity (De Bernardi et al., 1983; Shao et al., 2005; Carrasco-Hernandez et al., 2015) so the
species are generally regarded as poisonous (Bresinsky and Besl, 1990; Benjamin, 1995).
Identification of species within the genus is very difficult; only morphological characters may not be
enough for correct and reliable discrimination of poisonous and edible specimens.

Hebeloma crustuliniforme (Bull.) Quél. and Hebeloma sinapizans (Paulet) Gillet are most often
recorded poisonous species and widely confused with edible relatives (Vesterholt et al., 2014;
O'Reilly, 2016). It is reported that both of them contain cytotoxic compounds named lanostane
triterpene, named 3-B-acetyl-2-a (3'-hydroxy-3'-methyl) glutarylcrustulinol (De Bernardi et al., 1983).
The patients who consume mushrooms are predominantly mycetismus gastrointestinal and this may be
due to consumption of H. crustuliniforme and H. sinapizans (McDougall, 1925). Severe
gastrointestinal nature, namely vomiting, diarrhea and colicky abdominal pain are common symptoms
(Pamela, 1967; Roger, 2010).

In Turkey, most fungi species have been identified by only usage of anatomical/morphological
characters that are considered flexible due to environmental factors. Therefore, many fungi are
misidentified due to phenotypic changes. Molecular techniques are proved to be reliable approaches
along with traditional methods for accurate identification and reclassification. The sequence of nrITS
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region is a superior molecular DNA barcode for molecular identification of Basidiomycetes (Schoch et
al., 2012) so the region is used in the current study.

The present study aims to identify toxic fungus species, H. crustuliniforme and H. sinapizans,
based on microscopic/macroscopic and molecular analyses and prove the utility of nrITS region to
discriminate poisonous Hebeloma specimens from edible ones.

MATERIAL and METHOD

Two collections of Hebeloma crustuliniforme from Hakkari and one collection of H.
crustuliniforme from Bingol region of Turkey were collected in 2014-2018. Moreover, one collection
of Hebeloma sinapizans was collected from Hakkari province in 2014. Samples were photographed
with a Canon (EOS 60D) camera equipped using Tokina 100 mm macro lens in the fieldwork.
Macroscopic features (pileus, lamellae, stipe, and cortina) were noted using fresh materials.

Descriptions of the samples were performed based on measures of spore ornamentation (O1—
04), spore dextrinoidity (D0-D4), and perispore loosening (PO—P4). At least 30 spores, 20 basidia, and
cheilocystidia were measured under a Leica DM500 research microscope by using distilled water and
Melzer’s reagent solution. Measurements were made with Leica Application Suite (version 3.4.0)
program and diagnosed based on the terminology of Beker et al. (2016). Dried samples were deposited
in the Fungarium of Van Yiiziincii Y1l University (VANF).

Molecular Studies

Genomic DNA was extracted from dried basidiomata using the CTAB method (Doyle & Doyle
1987). The purity and quantity of extracted DNA were determined by using NanoDrop2000c UV—Vis
Spectrophotometer (Thermo Scientific) and 0.8% agarose gel electrophoresis. DNA amplification was
performed in a 25 pl volume mixture containing genomic DNA (10 ng/ul), 10X PCR Buffer, MgCI2
(25 mM), dANTP mixture (10 mM), selected primer pair (10 uM), Taq polymerase (5u/pl) and sterile
water. Amplification of ITS (ITS1-5.8S-ITS2) region was performed using primer pairs N-nc18S10
5'AGGAGAAGTCGTAACAAG3'/C26A S'GTTTCTTTTCCTCCGCT3' (Wen & al. 1996). After
amplification, PCR products were run in a 1 % agarose gel and visualized by staining with Gelred dye.
Positive reactions were sequenced with forward and reverse PCR primers using ABI 3730XL
automated sequencer (Applied Biosystems, Foster City, CA, USA).

The sequences were taken by using forward and reverse primer were evaluated and edited via
Alibee Multiple Alignment 3.0 software (www.genebee.msu.su/genebee.html). Ambiguous sites were
checked and corrected. Sequence data of nrITS region were deposited in GenBank and accession
numbers were given in the text. Three sequences of H. crustuliniforme and two sequences of H.
sinapizans generated from the present study and additional sequences retrieved from the GenBank
database were combined and analyzed together to see the phylogenetic relation and position of the
studied species within the genus. Galerina pruinatipes (AJ585510) was chosen as an outgroup for
rooting topology. All sequences were aligned with the ClustalW program (Thompson et al., 1994) and
adjusted manually where it was necessary.

The sequence alignments were performed using MEGA 6.0 software (Tamura et al., 2013).
Phylogram was constructed using Maximum Likelihood (ML) principle by using PHYML v.3.1
software (Guindon et al., 2010). GTR model was implemented with six rate classes and invariable
sites. Across site variations were fixed with parameters achieved from Modeltest and 1000 bootstrap
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replicates were carried out from a BioNJ starting tree running the best of nearest neighbor interchange
(NNI) and subtree pruning and regrafting (SPR) branch swapping.

RESULTS and DISCUSSION

Morphological Identifications
Hebeloma crustuliniforme (Bull.) Quél. (Figure 1).
Description:

Pileus; 25-80 mm broad, convex, umbonate and smooth margin, involute, white to cream,
cream-brown, with a slightly brown pale center. Lamellae; emarginate, L=60—100, cream coloured,
droplets present. Stipe; 30—100 mm, cylindrical, with clavate-bulbose base, floccose, whitish.

Basidiospores; 9.0-12 x 5.0-7.0(7.2) pum, amygdaloid, guttulate, (n=30 and Q=1.8), light
yellow-yellow brown, verrucose (02-03), indistinctly dextrinoid (D0-D1-D2), perispore loosening
(PO-P1-P2). Basidia; 2640 x 610 um, 4- rarely 2-spored. Cheilocystidia; 30—80(100) % 4.0-9.0(12)
x 2-6(7) x 2-7 um, clavate, spathulate, occasionally lageniform. Pleurocystidia; none. Pileipellis; an
ixocutis, up to 6 um wide hyphae. Caulocystidia; resemble to cheilocystidia, up to 80 pm long.

Specimens examined: TURKEY, Bing6l, Geng forest, under Conifer trees, 38° 41'52.78"N, 40°
29'25.70"E, 1165 m, 29.11.2018. Acar. 1091 (VANF). TURKEY, Hakkari, under Populus sp. trees,
37° 22'18.63"N, 44° 28'34.16"E, 1484 m, 01.11.2014. Acar. 778 (VANF). TURKEY, Hakkari, under
Populus sp. trees, 37° 22'18.63"N, 44° 28'34.16"E, 1484 m, 15.05.2014. 29.11.2018. Acar. 483
(VANF).

Genbank accession number: OK356899-OK356900-OK356901

-

Figure 1. Hebeloma crustuliniforme a. Basidiomata b. Spores in distilled water c. Cheilocystidia (Scale bar=20 um).
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Hebeloma sinapizans (Paulet) Gillet (Figure 2).
Description:

Pileus; 30—-100 mm; convex with umbonate, margin often involute, smooth, unicolor, cream,
yellowish, yellow-brown. Lamellae; adnate to emarginate, crowded (L= 80-120). Stipe; 30—120 mm,
clavate to bulbous, pruinose floccose, white, mycelial cords mostly present. Smell usually raphanoid.

Basidiospores; (8)9.5-12(14) x (5.2)6-8(9.5) um (n=30 and Q=1.7), amygdaloid, limoniform,
yellow-brown, guttulate, ornamentation distinct (O3, 0O4), perispore loosening (P1, P2, P3),
dextrinoidity strong (D3, D4). Basidia; 25-35 x 7-9 um, four-spored, rarely two-spored.
Cheilocystidia; 30-70(92) x (3)3.7-9.0x 4-7(7.5) x 4-15 pum, mostly ventricose, sometimes
cylindrical, clavate. Pleurocystidia; similar to cheilocystidia. Caulocystidia; ventricose, septate, similar
to cheilocystidia, up to 150 um long. Pileipellis; thick, hyphae 8§ um wide.

Specimens examined: TURKEY, Hakkari, under Quercus sp. trees, 37° 22'18.63"N, 44°
28'34.16"E, 1484 m, 24.10.2014. Acar. 476 (VANF).

Genbank accession number: OK356902- OK356903

2 NNCRE DI

Figure 2. Hebeloma sinapizans a. Basidiomata b. Spores in distilled water c. Cheilocystidia (Scale bar=20 um).

Molecular Identifications

The amplified DNA part of the nrITS region was approximately 650 bp in length encompassing
complete ITS1, 5.8S, and ITS2 subregions. Basic Local Alignment Search Tool (BLAST) analysis was
performed using the GenBank database. For each genotype, the sequence similarity search in GenBank
used the ‘blastn’ (Megablast) option excepting ‘uncultured/environmental sample sequences. The
sequences of putative Hebeloma crustuliniforme samples showed 100% homology with the sequences
of H. crustuliniforme found in the database. The homology value was 99% for Hebeloma sinapizans.

The names obtained from GenBank for each collection were also verified for nomenclatural and
taxonomic synonyms by using Mycobank (http://www.mycobank.org/) and Index Fungorum
(http://www.indexfungorum.org/names/names.asp) and valid names were surely given. The sequences
having the highest homologies loaded by researchers specialized in Hebeloma were retrieved from the
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database and analyzed with our sequences. The dataset including 72 nrITS sequences was analyzed
and observed that the region had 461 conserved and 137 variable (74 in ITS1 and 63 in ITS2) sites.
The identification of the samples was also supported by establishing a phylogenetic tree. Phylogenetic
tree constructed based on nrITS region separated the sequences at the species and section levels
(Figure 3). Molecular results supported the monophyly of the Hebeloma crustuliniforme with 78%
bootstrap support value grouped within the section Denudata and close relationships with H.
pallidolabiatum and H. salicicola. Hebeloma sinapizans were grouped within the section Sinapizantia
with its representative (97%) and it was closely related with H. bulbiferum.

Morphological and Molecular Assessment

Several specific characters are distinguished Hebeloma crustuliniforme from other species such
as floccose stem; the presence of tears on lamellae; large number of lamellae (60-100); voluminous
cheilocystidia and amygdaloid, indextrinoid large (<12 pm long and <7 pm wide) spores. In the field,
Hebeloma crustuliniforme may be confused with H. alpinum which is an edible species of the genus.
At first glance, they show macromorphological similarities such as light color basidiomes and shape of
pileus. However, both species have their distinctive characteristics examined in detail by mycologists.
Hebeloma alpinum is characterized by a robust pileus; mostly equal and shorter stipe; dark brown
gills; elliptical, most weakly dextrinoid spores (Beker et al. 2016). Moreover, H. crustuliniforme is
molecularly differentiated from H. alpinum based on 4 bp observed in the DNA sequences of the
nrlTS region. Hebeloma crustuliniforme grouped within the section Denudata and close relationships
with H. pallidolabiatum and H. salicicola species. Four nucleotide substitutions detected at 439" (C-
T), 493" (T-C), 534™ (A-T) and 576" (C-T) bases caused the separation of H. crustuliniforme from H.
pallidolabiatum. Moreover, three variations at bases 493" (T-C), 534" (A-T) and 590" (G-A)
differentiated H. crustuliniforme from H. salicicola.

Hebeloma sinapizans is sometimes confused with H. crustuliniforme by the reason of sharing the
beaded lamellac. However, basidiomata of H. sinapizans seems larger compared to H. crustuliniforme
and it often has a darker pileus colour. Key characters of Hebeloma sinapizans are rather large
basidiomes with a more bulbous stem base; a persistent incurved cap margin, and dark brown spots
(not watery) on the gills. Furthermore, this species has some morphological similarities with H.
alpinum because of the pale coloration and shape of pileus. However, H. sinapizans produces
relatively large basidiomes and robust floccose white stipe. Hebeloma sinapizans is similar to H.
bulbiferum both molecularly and morphologically. Basidiomes of these taxa are almost similar in size
and both have floccose stipe and crowded lamellae. However, H. bulbiferum can be separated by more
distinct droplets on the lamellae (Grilli et al., 2016). The shape of cheilocystidia is the other important
feature to identify species; H. bulbiferum has capitate to clavate to stipitate or clavate-lageniform or
gently clavate cheilocystidia and H. sinapizans has mostly ventricose or lageniform cheilocystidia
(Beker et al., 2016; Grilli et al., 2016). Studied Hebeloma sinapizans samples were grouped within the
section Sinapizantia with 97% bootstrap support value and it was closely related with H. bulbiferum.
Many variations were observed between H. sinapizans and H. bulbiferum [15" (T-G), 21" (C-T), 32t
(C-T), 55" (T-C), 119" (A-G), 129" (T-G), 203" (A-G), 207" (C-A), 416" (G-A), 441" (C-T), 595*
(G-A)].
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CONCLUSIONS

Most species of the genus Hebeloma are mainly poisonous and a few of which are edible. Some
cases of poisoning by previously unidentified fungi have been reported. Therefore, the fungus must be
identified based on multi-discipline studies and offered to the public. For this reason, we focused on
making reliable identifications for fungi that are common in nature. Hebeloma crustuliniforme and H.
sinapizans are the most poisonous species within the genus so Turkey collections of these species were
identified in the study. Both morphological characters and the DNA sequence of a barcode region are
used for correct identification.

Morphological and molecular approaches play important roles to identify Hebeloma species
correctly. Each approach has its limitations and strengths so the combination of two techniques is
needed to describe Hebeloma species successfully.
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Ozet

Verimli bir hayvancilik icin Tiirkiye’de yem bitkilerinin veriminin arttirilmasi
gerekmektedir. Bu nedenle farkli silajlik bitkilerin, farkli ekolojik kosullardaki verimleri
iizerine gergeklestirilecek olan g¢alismalarla verimlerinin 6nceden belirlenmesi oldukga
onemlidir. Bu ¢alismanin amaci Tokat kosullarinda ikinci iiriin olarak yetistirilebilecek
Roxy, Jumbo, Digestivo, Fito15280 ve Fit026250 silajlik sorgum (Sorghum bicolor (L.)
Moench) ¢esitlerinin bazi verim ve tarimsal o6zelliklerinin yaninda silaj kalite
ozelliklerinin belirlenmesidir. Arastirma Tokat Gaziosmanpasa Universitesi Tarimsal
Arastirma ve Uygulama Merkezi’'nde yer alan deneme alanlarinda gergeklestirilmistir.
Bitki materyallerinin ekimi deneme tesadiif bloklar1 deneme desenine gore ti¢ tekerriirlii
olarak gerceklestirilmistir. Tokat sartlarinda segilen gesitlerin verim ve verim unsurlarini
belirlemek i¢in bitki boyu, yas ot ve kuru madde verimi, tek bitki agirligi, ham protein
orani, asit deterjan lif oran1 ve ndtral deterjan lif oranlari ortaya ¢ikarilmistir. Caligmada
analiz edilen tiim parametrelere ait veriler istatistiki olarak 6nemli bulunmustur. Elde
edilen verilere gore Jumbo ¢esidi 281.7 cm ile en yiiksek bitki boyuna Rox 215.0 cm ile
en diisiik bitki boyuna sahip iken Fito 26250 ¢esidinin 1661.5 kg/da ile en yiiksek kuru
madde verimine, Rox ¢esidinin ise 963.8 kg/da ile en diisiik kuru madde verimine sahip
oldugu ortaya cikarilmistir. Cesitlere ait ham protein oranlarimin %13.0-8.3, yas ot
verimlerinin 7273.8-4653.3 kg/da, tek bitki agirliklarinin 457-343 g, asit deterjan lif
oranlarinin  %47.1-36.4 ve noétral deterjan lif oranlarmin ise %71.4-60.0 arasinda
degisiklik gosterdigi tespit edilmistir. Elde edilen sonuglara gére Kazova bolgesine ait
ekolojik kosullarda Digestive, Fito 15280 ¢esitlerinin kuru madde verimi agisindan,
Digestivo ve Jumbo ¢esitlerinin ham protein orani agisindan yiiksek performans ortaya
kondugu tespit edilmistir.

Anahtar Kelimeler: Sorgum, ham protein, ADF, NDF

Determination of Yield and Quality Traits of Sorghum (Sorghum bicolor L.) Cultivars as
Second Crop in Tokat Conditions
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Abstract

It is necessary to increase the yield of forage crops in Turkey for productive livestock. It
is crucial to determine the yields of different silage plants in different ecological
conditions. This study aims to determine some yield and agricultural characteristics as
well as silage quality characteristics of silage sorghum (Sorghum bicolor L.) cultivars
Roxy, Jumbo, Digestivo, Fito15280 and Fito26250 that can be grown as a second crop in
Tokat conditions. The research was carried out in trial field of Tokat Gaziosmanpasa
University Agricultural Research and Application Center. The experiment was carried out
in a randomized block design with three replications. In order to determine the yield and
yield components of the selected cultivars under Tokat conditions, plant height, green
grass and dry matter yield, single plant weight, crude protein ratio, ADF ratio, and NDF
ratio were determined. The data of all parameters analyzed in the study were found to be
statistically significant. According to the analyzes, Jumbo variety had the highest plant
height with 281.7 cm, Rox had the lowest plant height with 215.0 cm, while Fito 26250
had the lowest dry matter yield with 1661.5 kg/da, and Rox variety had the highest dry
matter yield with 963.8 cm. The crude protein ratios of the varieties are 12.98-8.31%, the
wet grass yields are 7273.8-4653.3 kg/da, the single plant weights are 457-343 g, ADF
ratios are 47.05-36.35%and the NDF ratios are 71.39%-59.98%. was found to vary
between. As results, it was determined that Digestive, Fito 15280 cultivars showed high
performance in terms of dry matter yield, and Digestivo and Jumbo cultivars showed high
performance in terms of crude protein rate in the Kazova ecological conditions.

Key words: Sorghum, crude protein content, ADF, NDF
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GIRIS

Tiirkiye’nin tarimi gelismis iilkelere gore hayvansal iiretiminin geride kalma sebebi verim
diisiikliigiinden kaynaklanmaktadir (Ozen, 1991). Mevcut hayvan varligin1 besleyebilecek kaliteli kaba
yem olmamast mevcut olan kaba yem acig1 hayvansal verimin diisik olmasmin en Onemli
sebeplerindendir. Bu nedenle saglikli ve verimli bir hayvancilik i¢in iilkemizde yem bitkileri
kiiltiirtiniin gelistirilmesi gereklidir. Kaba yem iiretimini arttirmak i¢in ¢ayir-meralarin korunmasi ve
1islah edilmesinin yaninda yem bitkileri ekim alanii arttirmak ve birim alandaki verim miktarini
istenilen diizeye ¢ekmek icin gerekli onlemler uygulanmalidir (Acar ve ark., 2019).

Hayvan besleme giinliik her hayvanin canli agirliginin %10’u kadar yesil ve %2.5’u kadar kaba
yem yedirilmesi hayvan sagligi icin en uygun orandir (Turan ve Altuner, 2014). Kaba yemler
siiflandirildiginda silo yemlerin ruminant hayvanlarin beslenmesinde 6nemi biiyiiktiir. Diinya tarimi
geligmis iilkelerde silaja dayali bir besleme uygulanmaktadir. Yaygin olarak yetistiriciligi yapilan
silajlik amaciyla yetistirilen bitkilerin basinda ise misir (Zea mays L.) ve sorgum (Sorgum sp.) tiirleri
gelmektedir. Sorgum bitkisinin kurakliga, sicakliga, hastalik ve zararlilara karsi musir bitkisine gore
toleransli olmasi, birim alandan daha fazla sindirilebilir besin maddesi {iretmesi, ayni ekolojik
kosullarda misirdan daha fazla hasil verebilmesi, sorgumu misira gore avantajli yapmaktadir. Bu
sebeplerden dolay1, yem bitkisi yetistiriciliginin yan1 sira silaj yapiminda sorgumun kullanimi giinden
giine artig gostermektedir (Cigdem ve Uzun, 2006).

Ekim alan1 ve iiretim miktar1 a¢isindan diinya capinda tahillar arasinda besinci sirada yer alan
sorgum yaklagik 45 milyon hektar alanda yetistirilmektedir (Anonymous, 2016). Siit olum veya hamur
olum donemleri silajlik sorgum igin en uygun bi¢im zamanidir. Ancak sorgumun genotip X gevre
interaksiyonundan etkilenmesi verim ve kaliteyi etkilemektedir. Bundan dolay1 sorgumda yapilan
verim ve kalite ¢alismalariin fakli ekolojik kosullarda yapilmasi olduk¢a dnemlidir.

Tiirkiye’de ki mevcut kaba yem sorunu ve yakin gelecekte yasanilmasi beklenilen su sikintisi
g6z onilinde bulunduruldugunda su tiiketimi yiiksek bitki tiirlerine alternatif bitki olmasi ve iiretim
maliyetinin diisiik olmasi bu bitkiyi énemli bir bitki olarak karsimiza ¢ikarmistir (Cigdem ve Uzun
2006). Bu ¢alisma, Tokat kosullarinda ikinci {iriin olarak yetistirilebilecek bes farkli silajlik sorgum
(Sorghum bicolor (L.) Moench) ¢esitlerinin bazi verim ve tarimsal 6zelliklerinin yaninda silaj kalite
ozelliklerinin belirlenmesi amaciyla ytiriitilmiistiir.

MATERYAL ve YONTEM

Bu arastirma, 2010 yilinda Tokat-Kazova’da bulunan Tokat Gaziosmanpasa Universitesi
Tarimsal Arastirma ve Uygulama Merkezi’'nde deneme alaninda yiiriitiilmiistiir. Arastirmada 6zel
tohumluk firmalarindan saglanan Roxy, Jumbo, Digestivo, Fito15280 ve Fito26250 silajlik sorgum
cesitleri kullanilmistir. Bu ¢esitlerden Rox ve Jumbo sorgum ¢esidi iken Fito-26250, Fito 15280 ve
Digestivo ¢esitleri ise sorgum x sudan otu melezidir.

Deneme alani topraklarinin analizi sonucu organik madde orani diisiik ancak potasyum oraninin
yiiksek oldugu tespit edilmistir (Aydeniz ve Brohi, 1993). Tokat iklim sartlarina gore denemenin
ylriitiildiigii Temmuz-Ekim aylar1 ortalama sicaklik 21.5 °C, uzun yillara ait sicaklik ortalamasi 19.2
°C, toplam yagis miktar1 119.2 mm ve uzun yillara ait toplam yagis miktarmnim ise 80.6 mm oldugu
kaydedilmistir (Devlet Meteoroloji Isleri Miidiirliigii).

Arastirmada kullanilan sorgum cesitlerine ekimden once ¢imlendirme testi yapilmis ve cesitler
yaklasik %90 ¢imlenme gostermistir. Ekim 21 Temmuz 2010 tarihinde yapilmistir. Ekim elle 4-5 cm
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derinlikteki tohum yatagma ekilmistir. Ekim 60 cm sira arasi mesafe ve 1.5 kg/da ekim normu
kullanilarak yapilmistir. Sira boyu 5 m olan ve 4 siradan olusan parsellerin alani 12 m?'dir. Arastirma
Tesadif Bloklar1 deneme desenine gore li¢ tekrarli olarak yonetilmistir. Deneme parsellerine toplam
15 kg/da azot (Amonyum Nitrat) uygulanmistir. Uygulanan bu giibrenin yaris1 ekimle birlikte, diger
yarist bitkiler 45-50 cm boya ulastiginda uygulanmigtir. Azotlu gilibrenin yaninda 8 kg/da Fosfat
giibresi (Triple Siiper Fosfat) uygulanmistir. Yabanci otlarla mekanik miicadele yapilmistir. Toplamda
sekiz kez sulama yapilmis ve hasata yakin tarihlerde sulama yapilmamistir. Hasat bitkilerin salkim
¢ikarma doneminde yapilmistir (Biiyiikburg ve ark., 1997; Iptas ve Yilmaz, 1995). Yas ot (kg/da), kuru
madde verimi (kg/da), ham protein (%), ADF (%) ve NDF (%) oranlar1t Van Soest ve ark. (1991) ve
Biiytikburg ve ark. (1997)’na gore belirlenmistir.

Calismadan elde edilen verilerin istatistiki analizleri uygun deneme desenine MSTAT-C
istatistik paket programi kullanilarak yapilmis ve ortalamalar arasindaki farklik DUNCAN c¢oklu
karsilastirma yontemi ile karsilagtirilmistir.

BULGULAR ve TARTISMA
Bitki Boyu (cm)

Denemede kullanilan sorgum g¢esitlerinin bitki boylarina ait ortalama degerler Cizelge 1°de
verilmigtir. Cesitlerin bitki boylar1 arasindaki farkin %1°lik diizeyde 6nemli oldugu ortaya konmustur.
En uzun bitki boyu 281.7 cm ile Jumbo en kisa bitki boyu ise 215.0 cm ile Rox ¢esidinden elde
edilmistir. Rox c¢esidi hari¢ diger cesitlerin Bitki boylar1 arasindaki fark 6nemli degildir. Arastirma
sonucunda elde etmis oldugumuz bulgular Blummel ve ark. (2003)’nin sonuglartyla benzer, Amzallag
(2000), Yilmaz ve ark. (2003), Aydinoglu (2005) ve Yiicel ve ark. (2018) bulgularindan ise daha
yiiksek bulunmustur. Arastirmada elde edilen bu farkliliklar, denemelerin yiiriitiildiigii yerlerdeki farkl
ekolojik kosullara 6zellikle de yagis ve sicaklik gibi iklim faktorlerinin etkisinden kaynaklandig:
sOylenebilir.

Tek Bitki Agirhg (g)

Denemede incelenen ¢esitlerin tek bitki agirliklar1 arasinda istatistiki olarak %5 seviyesinde
onemli farkliliklar bulunmustur (Cizelge 1). En yiiksek tek bitki agirligi 457.0 g ile Rox en diisiik
ise 343.0 g ile Digestivo ¢esidinden elde edilmistir. Arastirmada, incelenen silajlik sorgum
cesitlerinden sirastyla Rox, Jumbo, Fito 15280 ve Fito 26250 ¢esitleri arasinda tek bitki agirliklari
bakimindan istatistiki olarak fark yokken, Digestivo, Jumbo, Fito 15280 ve Fito 26250 cesitleri de
istatistiki olarak ayn1 grupta yer almistir.

Yas Ot Verimi (kg/da)

Arastirmada incelenen cesitlerin ortalama yas ot verimleri Cizelge 1°de verilmistir. Yas ot
verimleri fark istatistiki olarak énemli bulunmustur. En yiiksek yas ot verimi Fito 26250 ¢esidinden
elde edilmis, bu ¢esidi Jumbo, Fito 15280 ve Digestive cesitleri izlemis, en az yas ot verimi veren ¢esit
ise Rox ¢esidi olmustur (4653.3 kg/da) ancak bu farklar 6nemli ¢ikmamistir. Arastirmada elde etmis
oldugumuz bulgular Baytekin ve Silbir (1996), Coban ve Acar (2018)"in yiiriitmiis olduklar1 sonuglarla
benzer bulunurken, bazi arastirmacilarinin (Ozbilen 1991; Iptas1993; Kara ve Soya 1993)
sonuglarindan disiik, bazi arastirmacilarinin (Aydin ve Albayrak, 1995; Yilmaz ve Saglamtimur,
1997; Avcioglu, 2018) bulgularindan ise daha yiiksektir. Bu farklilik, aragtirmalarda kullanilan gesit
farkliliklarinin ~ yaninda, denemelerin yiiriitiildigli ¢evre faktorlerinden Ozellikle de iklim
degisikliklerinden kaynaklandigini sdyleyebiliriz.
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Kuru Madde Verimi (kg /da)

Arastirmada incelenen cesitlerin ortalama kuru madde verimleri Cizelge 1°de verilmistir.
Cesitlerin kuru madde verimleri arasinda istatistiki olarak %35 seviyesinde Onemli farkliliklar
bulunmustur. Arastirmada, Fito 26250 (1661.5 kg/da) cesidi ile birlikte Fito 15280, Digestivo ve
Jumbo istatistiki olarak yiiksek kuru madde verimini veren grubu olustururken, Rox (963.9 kg/da)
cesidi en diislik verimin elde edildigi arastirma konusu olmustur. Denemenin sonucunda elde edilen
kuru madde verim degerleri Karadas (2008), Gilines ve Acar (2005) ve Junior ve ark. (2015)’nin
bulgular1 ile uyumluluk goéstermemistir. Aragtirmamizda elde ettigimiz kuru madde verimleri
yukaridaki diger aragtirmacilarin tespit ettigi kuru madde veriminden diisiik c¢ikmistir. Bunun
nedeninin farkli ekoloji, ¢esit, bakim ve uygulamalardan kaynaklandig1 sdylenebilir.

Cizelge 1. ikinci Uriin Olarak Yetistirilen Sorgum Cesitlerinin Verim Ozellikleri
Table 1. Yield Characteristics of Sorghum Varieties Cultivated as Second Crop

Cesitler  Bitki Boyu (cm”* Tek Bitki Agirliga (g)" Yaik(;; d\;ﬁimi Vl::::l lzg/lg:)*
Rox 215.0b 457.0 a 4653.3b 963.9b
Digestivo 277.0 a 343.0b 4856.7 a 1538.1a
Jumbo 281.7 a 412.0 ab 6980.6 a 1433.5 ab
Fito 15280 266.3 a 385.0 ab 57339a 1653.3 a
Fito 26250 247.7 a 430.0 ab 72739 a 1661.5 a
Ortalama 257.5 405.4 5899.7 1450.0

Ayni harflerle gruplandirilan harfler arasindaki farklar P<0.01 (**) ve P<0.05 (%) hata sinirlar igerisinde énemli degildir.

Ham Protein Oram (%)

Arastirmada incelenen g¢esitlerin ham protein oranlar1 ortalama olarak Cizelge 2’de
gosterilmistir. Cesitler arasi oranlar istatistiksel olarak onemli farkliliklar1 ortaya koymustur.
Arastirmada yiiksek ham protein oranini veren arastirma konulari Jumbo (%13.0) ile birlikte ayni
istatistiki grupta yer alan Digestivo (%12.8) ve Fito 26250 (%11.9) cesitleri olurken, en diisiik ham
protein oranini %8.3 ile Rox ¢esidi vermistir. Cigdem ve Uzun (2006), silajlik sorgum ve misir
bitkilerinde yapilan aragtirmalarda ham protein oranlarinin sirastyla Jumbo ¢esidinde %6.07, Grazer
N2 ¢esidinde %7.67 ve Rox ¢esidinde %8.98 olarak tespit etmislerdir. Ortalama ham protein oranlar1
(Giines ve Acar, 2020) %4.7, (Keskin ve ark., 2018) %5.7, (Karadas, 2008) %6.14 (Parlak ve
Ozarslan, 2006) %10.0-10.6, olarak tespit etmislerdir. Denemeden elde etmis oldugumuz veriler
yukarida bahsedilen arastirmacilarin bulduklar1 sonuclardan daha yiiksek oldugu ortaya konmustur.
Bu durum cesitler arasindaki farkliliklardan, arastirmalarin yapildigi bolgelerin arasindaki iklim
farkliliklarindan ve oOzelliklede bitkilerin vejetasyon siiresince maruz kaldiklar1 toplam yagis ve
ortalama sicakliklardan kaynaklanabilir.

Asit Deterjan Lif (ADF) (%)

Cesitler arasinda ADF oranlar1 bakimindan istatistiksel olarak %1 diizeyinde 6nemli farklilik
bulunmustur (Cizelge 2). En yiiksek ADF orani Jumbo (%47.1) ve Fito 15280 (%43.4) elde edilirken,
en disik ADF oram1 %36.4 ile Rox ¢esidinden elde edilmistir. Arastirmada incelenen misir
cesitlerinin ortalama ADF oranlari ise %40.9 olarak bulunmustur. Cigdem ve Uzun (2006), Samsun
Ekolojik sartlarinda kocadari-sudan otu melezlerinde yaptiklari arastirmada, ADF oranini ortalama
%35.5, Akdeniz ve ark. (2003) %45.1-36.4, Tugay (2009) ise %38.3-30.8 arasinda degistigini
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belirlemislerdir. Elde ettigimiz sonuglar Akdeniz ve ark. (2003)'in arastirma bulgular1 ile benzer
bulunurken, bazi arastirmacilarin (Tugay, 2009; Yiicel ve ark., 2018) sonuglarindan daha yiiksek
bulunmustur. Aragtirmalar arasindaki bu farkliligin sebebinin ¢esit ve hasat donemlerinin
farkliligindan kaynaklanabilir.

Notral Deterjan Lif (NDF) Oram (%)

Arastirmada incelenen sorgum g¢esitleri arasinda NDF orani1 bakimindan istatistiki olarak %1
diizeyinde onemli farklilik bulundugu Cizelge 2’de verilmistir. Arastirma bulgularma gore, NDF
orani en ylksek cesit %71.4 ile Jumbo iken, en diisitk NDF orani %60.0 ile Rox ¢esidi belirlenmistir.
Arastirmada incelenen hat ve cesitlere ait NDF ortalamalar1 %66.4 olarak bulunmustur. Dolayisiyla,
Rox c¢esidinin sindirilebilirlik oraninin aragtirmadaki diger ¢esitlerden daha yiiksek oldugunu
soyleyebiliriz. Akdeniz ve ark.(2003), tane sorgum cesitlerinde ortalama NDF oranlarinin %74.0-
62.5, Karatas (2008) %74.3, Tugay (2009) %68.4-58.3, Yiicel ve Erkan (2020) %39.1-43.1, Oktem
ve ark. (2021) %56.5-43.1 olarak tespit etmislerdir. Bu bulgular arastirma bulgularimiza yakindir.
Yavuz (2005), ADF ve NDF oraninin kaba yemin enerji kapasitesinin en iyi gostergesi oldugunu ve
kaba yemlerde NDF oranimin yiiksek olmasimin yemin hayvan tarafindan tiikketimini azalttigin1 ve
rasyondaki NDF oranindaki artisin siit verimini yaklasik olarak %1-2 (0.45 kg) oraninda
diisiirdiigiinii bildirmektedir. Bu bulgulara gore; NDF oran1 en diisiik olan Rox ¢esidinin diger
cesitlere gore siit verimi artigint olumlu etkileyecegi sdylenebilir.

Cizelge 2. ikinci Uriin Olarak Yetistirilen Sorgum Cesitlerinin kalite dzellikleri
Table 2. Quality characteristics of Sorghum Varieties Cultivated as Second Crop
Ham Protein Orani « INoOtral Deterjan Lif (NDF) Oram

Cesitler %)’ Asit Deterjan Lif (ADF) (%) %)
Rox 83c 36.4b 60.0 b
Digestivo 12.8 a 39.1b 66.4 ab
Jumbo 13.0a 47.1a 71.4a
Fito 15280 1030 43.4 ab 69.1a
Fito 26250 11.9 ab 38.7b 65.5 ab
Ortalama 11.25 40.9 66.4

Ayni harflerle gruplandirilan harfler arasindaki farklar P<0.01 (**) ve P<0.05 (*) hata smirlari igerisinde 6nemli degildir.

SONUC

Ulkemizde mevcut olan kaba yem sorunundan dolay1 verimi yiiksek ve maliyeti diisiik olan
tiirlerin tarimin1 yapmak zorunlu hale gelmistir. Bu amagcla yapilan bu ¢alismada materyal olarak bes
farklt sorgum cesidinin Tokat kosullarinda ki performanslari degerlendirilmistir. Silajlik sorgum
cesitlerinin verim ve verim unsurlari arasindaki degerlendirmeler sonucu kuru madde verimi agisindan
Digestivo c¢esidinin uygunlugu tespit edilirken hayvan beslenmesinde bitkinin sindirilebilme orani
ADF ve NDF oranlar1 ile degerlendirilen ADF ve NDF orani diigiik olan Rox ve Fito 26250
cesitlerinin daha iyi sindirilecegi tespit edilmistir. Bes cesit arasinda tek yillik tarla denemelerinden
belirlenen sonuglara gore, Digestivo ve Fito 26250 ¢esidinin Tokat-Kazova sartlarina uygun oldugu
belirlenmistir.
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Abstract

In this study, it was aimed to evaluate the nutrient content, gas production,
methane production, metabolisable energy, and organic matter digestibility of
some fruit residues obtained from markets. Lemon, orange, tangerine, apple,
melon, watermelon, pomegranate, and pear were used as study materials. On
the collected materials, crude ash (CA), dry matter (DM), acid detergent fiber
(ADF), neutral detergent fiber (NDF), ether extract (EE), and crude protein
(CP) analysis were performed; gas production (GP) values were found; and
metabolic energy (ME) contents and organic matter digestibility (OMD)
degrees of residues were calculated depending on these values. The species
significantly (P<0.001) affected the nutrient content and GP values of residues.
The CA, DM, ADF, NDF, EE, and CP of fruit residues varied between 0.44
and 0.99%, 6.81 and 25.65%, 5.02 and 16.75%, 8.15 and 21.04%, 3.32 and
12.55%, and 1.81 and 10.89%, respectively. The GP, net methane, percentage
of methane, ME, and OMD of residues varied between 61.22 and 90.95 ml,
6.93 to 11.04 ml, 10.96 to 12.92%, 10.91 to 14.92 mj kg'' DM, and 72.62 to
98.96%, respectively. Based on the findings obtained as a result of the study, it

is understood that these residues can be a good feed source for ruminant
animals, but it is thought that studies on the use of these water-rich residues by
both the drying method and silage with other feed materials should continue.
Considering its anti-methanogenic properties, pomegranate residues were close
to this potential but were not found at the desired level. By using these

The study does not require
ethics committee approval.

residues, which are seen as garbage, in animal nutrition, environmental
pollution will be prevented.

Key words: Fruit residues, gas production, market wastes, nutrient content

INTRODUCTION

As it is known, despite the rising animal production potential in our country, which has a
developed livestock organization, the most important issue that still poses a problem is the inability to
meet the need for quality and cheap roughage. Accordingly, 60-65% of the production expenses of
livestock enterprises are composed of feed expenses (Kilig, 1986).

In order to increase the profitability of production in the enterprise, the input costs should be
minimized, but the production quality should not be compromised. The first step in reducing the cost
of production inputs will be to reduce the cost of roughage. In this context, producers are developing
various methods and looking for new solutions in the supply of roughage. In many studies on animal
nutrition in our country for many years, it has been mentioned that insufficient feed resources and
animal husbandry cannot reach the desired level. However, it is emphasized on every platform that
ruminant animal feeding constitutes the biggest and most important problem (Filya, 2001). The fact
that the production quantities and product quality of feed raw materials are low, but the prices are
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more expensive than they should be, is also specified in the study conducted by Ozdiiven et al. (2005).
Among these solutions, it will be preferable to meet the roughage with the lowest input cost. When
these predictions are taken into consideration, it is understood that the main source should consist of
residual material, that is, surplus material released as a result of any process. The main source of
residual feed resources is the neighborhood markets and fruit and vegetable markets, where marketing
processes are carried out to be offered for human consumption. The main reason for the production of
vegetables and fruits is their position in human nutrition. However, in cases where the desired
conditions are not met during production and consumption; the products that are left under the factors
such as abundant production and prices not being at the desired level can turn into an alternative
product that can be used in other areas by passing into the non-use position called waste. Although the
leftover vegetable and fruit mixtures left over from the district markets and fruit and vegetable markets
can be used as an alternative source of forage, it has been reported by Vural (2000) that the amount of
residual product released is between 7-10 million tons per year. According to Turkish Statistical
Institute, the total amount of fruit and vegetables produced in our country as of 2014 was stated as over
45 million tons, and nearly 28 million tons of the total production consisted of vegetable production
and 17 million tons of fruit production (TUIK, 2015).

In this context, this study was carried out to determine the nutritional potential of fruit residues
in terms of animal nutrition, which is an important branch of organic wastes released as a result of the
marketing of herbal products, which is one of the elements that provide the necessary nutritional
factors for people to continue their vital activities. In this study, it was aimed to evaluate the nutrient
content of fruit residues left over from markets and the anti-methanogenic characteristics of these
products.

MATERIALS and METHODS

The residual materials used in the research were determined to include eight samples from fruit
residues, taking into account the production, seasonal and regional conditions. Lemon, orange,
tangerine, apple, melon, watermelon, pomegranate, and pear were chosen to be used in the study. The
determined residual materials were obtained from the markets established on certain days in the
Onikigubat district of Kahramanmarag province. The supplied study materials were brought to the
Animal Feed and Animal Nutrition Laboratory in Kahramanmaras Siit¢ii Imam University, Faculty of
Agriculture, Department of Animal Science, and were taken to the preparation stage for chemical
composition and other analyses.

The study samples collected from the district markets of Kahramanmaras were purified from
mud and similar residues in the laboratory. Then, it was chopped finely with the help of knives and
made ready for the drying process for analyses other than dry matter and raw ash analyses. The
chopped samples were laid on blotting papers and left to dry at room temperature. The drying process
lasted for about 7 days, and the samples were mixed and laid again until it was observed that the water
contained in them completely evaporated. Following the completion of the drying process, the samples
were homogeneously ground to pass through a 1 mm sieve with the help of a grinding mill and made
ready for chemical analysis. The DM, CA, EE, and CP contents of the residues were determined
according to the method reported by AOAC (1990). ADF and NDF contents were determined by Van
Soest et al. (1991) according to the method reported. Fruit residues were subjected to fermentation as
described in the in vitro gas production method by Menke et al. (1979). Rumen content was obtained
from slaughtering two adult cattle at the slaughterhouse in Kahramanmaras. An infrared methane
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analyzer (Sensor Europe, Germany) is used to measure the CH4 (percentage) of the gas (Goel et al.,
2008).

The methane production of fruit residues per mL was calculated by the following equation;
CH4 production (ml) = Total gas production (ml) X Percentage of CH4 (%)

Menke and Steingass (1988) equations were used to calculate the ME and OMD of fruit
residues;

ME (mj kg DM) = 2.20 + 0.1357 GP + 0.057 CP + 0.002859 EE? )
OMD (%) = 15.38 + 0.8453 GP + 0.595 CP + 0.675 CA (D)

The obtained data were analyzed using SPSS 17.0 (2011), and the differences between the means
were determined using Tukey multiple comparison tests.

RESULTS and DISCUSSION
Nutrient Content of Fruit Residues

The nutrient content of fruit residues is given in Table 1. The species significantly (P<0.001)
affected the CA, DM, ADF, NDF, EE, and CP of fruit residues. The CA of fruit residues ranged
between 0.44 and 0.99%, with the lowest value being found in orange and the highest in pomegranate
residues. The DM of fruit residues ranged between 6.81 and 25.65%, with the lowest being found in
melon and the highest in pomegranate residues. In terms of ADF and NDF contents, the lowest rate
was found in apple and the highest in melon, with 5.02 and 8.15%, 16.75 and 21.04%, respectively.
Pear had the lowest EE content at 3.32%, while lemon had the highest at 12.55%. When the CP
content was compared on the basis of DM, the CP content of pear was 1.81%, while that of
watermelon was 10.89%.

Table 1. Nutrient content of fruit residues

CA (%) DM (%) ADF (%) NDF (%) EE (%) CP (%)
Lemon 0.71° 22.80° 13.62° 18.37° 12.55 7.74¢
Orange 0.44¢ 18.43¢ 7.274 11.18¢ 3.65% 6.99¢
Tangerine 0.76° 20.57¢ 7.694 11.22¢ 3.574 6.01¢
Apple 0.45¢ 19.14% 5.02¢ 8.15 4.41 2.34
Melon 0.54¢ 6.81° 16.75° 21.04° 6.70° 9.30°
Watermelon 0.54¢ 7.00° 10.45¢ 14.459 4.20% 10.89°
Pomegranate 0.99° 25.65° 9.25¢ 16.87° 5.20¢ 5.90¢
Pear 0.45¢ 18.71 12.53 18.66° 3.320 1.81¢
SEM 0.047 0.502 0.370 0.326 0.278 0.146
Sig. skskk skskk skskk skskk skskk skskk

< Column means with common superscripts do not differ. CA: Crude ash (% of DM), DM: Dry matter (%), ADF: Acid detergent fiber (% of DM), NDF:
Neutral detergent fiber (% of DM), EE: Ether extract (% of DM), CP: Crude protein (% of DM), SEM: standard error mean, Sig: Significant level, **:
P<0.001.

In the study, Karacali (2004), found the DM values of apple, pear, melon, watermelon,
pomegranate, orange, tangerine, and lemon between 8-15%, CP content between 0.3-1.0% and EE
content between 0.1-0.6%. The values found and the results of the study do not show any similarity,
and the reported values are quite low compared to the results of the current study. In a study
investigating the use of orange in terms of animal nutrition, Filya (2001) found the DM content at
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13%. The reported value is lower than the value found in the current study. In the study of Marino et
al. (2010), they found the results that the apples have 13.4% DM, 7.46% NDF, 0.75% CP and 0.14%
EE; tangerines have 10.7% DM, 9.25% NDF, 6.45% CP and 0.35% EE; oranges have 14.1% DM,
8.44% NDF, 4.96% CP and 0.26% EE; 9.7% DM, 8.25% NDF, 15.7% CP and 0.15% EE of melon;
and 11.8% DM, 19.41% NDF, 3.64% CP and 0.11% EE of pear. The NDF contents of apple and pear
and the CP contents of tangerine were similar between the reported values and the results of the
current study. The DM and EE contents of melon were higher in the reported values, while other
values were higher in the current study.

Gas Production, Methane Content, Metabolic Energy and Organic Matter Digestibility of Fruit
Residues

Gas production, methane content, ME, and OMD of fruit residues are given in Table 2. The
species significantly (P<0.001) affected the GP, methane content, ME, and OMD of fruit residues. The
net gas production values of fruit residues ranged between 61.22 and 90.95 ml (200 mg kg'! DM), with
the highest gas production being found in tangerine and the lowest in pomegranate residues. The
methane gas production values of fruit residues ranged between 6.93 and 11.04 ml (200mg kg™' DM),
with the highest methane production being found in orange and the lowest in pomegranate residues. In
terms of CH4 content, the lowest rate was found in pomegranates with 10.96%, while the highest rate
was found in pears with 12.92%. The ME content of pomegranate was lowest with 10.91 mj kg"! DM,
while that of tangerine was found to be highest with 14.92 mj kg! DM. While the OMD of
pomegranate was 72.62%, it was found to be 98.96% of tangerine.

Table 2. Gas production, methane content, metabolic energy and organic matter digestibility of fruit residues

Net Gas (ml)  CHa (ml) CH:(%)  ME (mj kg DM) OMD (%)

Lemon 85.70° 9.99b¢ 11.66% 14.68%® 95.02%
Orange 88.95%® 11.042 12.41% 14.70* 97.412
Tangerine 90.952 10.87% 11.96%¢ 14.922 98.96*
Apple 85.58° 10.232¢ 11.96%¢ 14.00° 92.33b¢
Melon 73.23° 8.32¢ 11.38 12.784¢ 84.524
Watermelon 77.57¢ 9.00d 11.61% 13.39« 89.09¢
Pomegranate 61.22¢ 6.93f 10.96¢ 10.91F 72.62¢
Pear 76.36° 9.86% 12.922 12.69¢ 83.89¢
SEM 1.420 0.282 0.337 0.201 1.302
Sig. ko ko ko ko ko

¢ Column means with common superscripts do not differ. CHs: Methane (%), ME: Metabolisable Energy (mj kg’ DM), OMD: Organic Matter
Digestibility (%), SEM: Standard Error Mean, Sig: Significant level, ***: P<0.001

According to Marino et al. (2010), apple has 7.1 ME, 52.3% OMD, 39.4 ml gas production,
tangerine has 9.6 ME, 68.8% OMD, 53.4 ml gas production, orange has 11.3 ME, 79.7% OMD, 65.5
ml gas production, melon has 8.3 ME, 83.8% OMD, 40.9 ml gas production, and pear has 5.7 ME,
47% OMD. No similarity was observed between the reported values and the results of the current
study, and all values were higher in the present study.

According to the method determined by Lopez et al., (2010) of methane gas values formed in
feeds, low anti-mehanogenic (>11% and 14%), medium anti-metanogenic (> 6% and 11%) and high
anti-methanogenic (> 0% and 6%) are possible to classify. By taking these classifications into
consideration, the energy use efficiency of ruminants can be increased and the methane gas that causes
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global warming can be reduced. The data obtained as a result of the study shows that pomegranate
residues are in the medium anti-methanogenic class. Other fruit residues are in the low anti-
methanogenic class, and their contribution to the prevention of global warming is thought to be
limited.

CONCLUSION

This study was carried out to determine the nutritional values and anti-methanogenic properties
of some fruit residues obtained from markets. The chemical differences of the waste materials used in
the study significantly affected the in vitro gas production values, methane gas contents, and metabolic
energy calculated based on the results of these values, as well as the organic matter digestion degrees
of these residues. Based on the findings obtained as a result of the study, it is understood that these
residues can be a good feed source for ruminant animals, but it is thought that studies on the use of
these water-rich residues by both the drying method and silage with other feed materials should
continue. The effective and efficient use of fruit residues will also reduce the cost of animal feeding.
Reducing this cost will result in an increase in the income of the farmers and, consequently, the
prevention of waste as well as the management and reduction of environmental pollution. As a result,
bringing this alternative source to animal husbandry in an organized manner is an important issue for
the country's economy, our future, and each element of animal production. Diversifying and increasing
the scope of this and similar studies will be beneficial for our country and livestock.

ACKNOWLEDGEMENTS
This study was produced from EK's PhD thesis.

AUTHOR CONTRIBUTIONS

The authors have contributed equally to this study.

CONFLICT of INTEREST

The authors declare there is no conflict of interest.

REFERENCES

AOAC. (1990). Official method of analysis. 15th ed., Association of Official Analytical Chemists, Washington,
DC, USA. pp.66-88.

Filya, 1. (2001). Silaj teknolojisi. U.U.Z.F. Zootekni B., Gériikle - Bursa, Hakan ofset - Izmir.

Goel, G., Makkar, H.P.S., & Becker, K. (2008). Effect of sesbania sesban and carduus pycnocephalus leaves
and fenugreek (Trigonella foenum-graecum L) seeds and their extract on partitioning of nutrients from
roughage-and concentrate-based feeds to methane. Animal Feed Science and Technology, 147(1-3), 72-
89.

Karacali, 1. (2004). Bahge Uriinlerinin Muhafaza ve Pazarlanmasi, E.U.Z.F.Yaynlar1 No:494. E.U. Basimevi,
Bornova - izmir.

Kilig, A. (1986). Silo yemi. Bilgehan Basimevi. Bornova - izmir.

Lopez, S., Makkar, H.P.S., & Soliva, C.R. (2010). Screening plants and plant products for methane inhibitors.
In: Vercoe PE, Makkar HPS, Schlink A, (Eds): In vitro screening of plant resources for extra nutritional
attributes in ruminants: Nuclear and related methodologies. London, New York, pp. 191- 231.

Journal of Agriculture 2022; 5 (1) 25-30 https://dergipark.org.tr/tr/pub/ja 29




KAYA and KAMALAK JOURNAL of AGRICULTURE

Marino, T.C., Hector, B., Rodrigues, P.H.M., Borgatti, L.M.O., Meyer, P.M., Silva, E.J.A., & Orskov, E.R.
(2010). Characterization of vegetables and fruits potential as ruminant feed by in vitro gas production
technique. Livestock Research for Rural Development. 22, 1-9.

Menke, K.H., Raab, L., Salewski, A., Steingass, H., Fritz, D., & Schneider, W. (1979). The estimation of the
digestibility and metabolizable energy content of ruminant feedingstuffs from the gas production when
they are incubated with rumen liquor in vitro. Journal of Agricultural Science, 93, 217-222.

Menke, K.H., & Steingass, H. (1988). Estimation of energetic feed value obtained from chemical analysis and in
vitro gas production. Animal Research Development, 28, 7-55.

Ozdiiven, M.L., Coskuntuna, L., & Kog, F. (2005). Uziim posast silajmmn fermantasyon ve yem degeri
ozelliklerinin saptanmasi. Trakya Universitesi Fen Bilimleri Dergisi, 6(1), 45-50.

SPSS, (2011). IBM SPSS statistics for Windows, version 17.0. New York: IBM Corp 440.

TUIK. (2015). Tiirkiye [statistik Kurumu, Bitkisel tirlin denge tablolari.
https://biruni.tuik.gov.tr/medas/?kn=104&locale=tr

Van Soest, P.V., Robertson, J.B., & Lewis, B.A. (1991). Methods for dietary fiber, neutral detergent fiber, and
nonstarch polysaccharides in relation to animal nutrition. Journal of Dairy Science, 74(10), 3583- 3597.

Vural, H., Esiyok, D., & Duman, I. (2000). Kiiltiir sebzeleri (Sebze yetistirme), Ege Universitesi Basimevi
Bornova, ss: 253-260.

Journal of Agriculture 2022; 5 (1) 25-30 https://dergipark.org.tr/tr/pub/ja 30




YASAR ve ark. | DOI: 10.46876/j2.1077456

JOURNAL of AGRICULTURE

ARASTIRMA MAKALESI ISSN: 2636-8757

Igdir’da Yetistirilen Yerli Kara Erik (Prunus domestica L.) Genotiplerinin Fenolojik ve
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Ozet

Bu c¢alisma 2017-2018 yillar1 arasinda Igdir ilinde gergeklestirilmistir.
Calismada ilde yetistirilen 54 adet kara erik genotipi fenolojik, morfolojik ve
pomolojik olarak incelenmis ve bunlar arasindan tartili derecelendirme
metoduna gore 15 genotip Umitvar olarak secilmistir. Secilen siyah erik
genotiplerinde tomurcuk patlamasi, ilk ciceklenme ve tam ¢igeklenme tarihi
sirasiyla 7-18 Mart, 14-23 Mart, 20-28 Mart arasinda degismis ve genotipler
30 Temmuz-10 Agustos tarihleri arasinda hasat edilmistir. Tartili
derecelendirme metoduna gore iimitvar olarak segilen 15 genotipte meyve
agirhigl, meyve eni, meyve boyu, meyve yliksekligi, ¢cekirdek agirligi, meyve
eti/cekirdek orani, meyve hacmi, meyve yogunlugu, meyve eti sertligi, titre
edilebilir asitlik, SCKM ve pH sirasiyla 56.69-80.31 g, 44.28-50.40 mm,
40.37-48.41 mm, 47.13-53.19 mm, 0.58-1.14 g, 60.87-99.87, 52-82 ml, 0.88-
1.38 g ml-1, 3.32-5.66 kg cm-2, %0.83-1.44, 9%11.90-15.60 ve 3.02-3.27
arasinda belirlenmistir. Calismada oOzellikle meyve agirhigi ve meyve
eti/cekirdek orani bakimindan standart cesitlerle yarisabilecek olciide veriler
elde edilmistir. Sonu¢ olarak, Igdir ilinde yaygin olarak yetistirilen bu
genotiplerin 1slah ¢alismalart i¢in Onemli birer gen kaynagi oldugu
belirlenmistir.

Anahtar Kelimeler: Erik, fenoloji, pomoloji, [gdir.

Determination Phenological and Pomological Characteristics of Domestic Black Plum Genotypes

(Prunus domestica L..) Grown in Igdir

Gelis Tarihi: 22.02.2022

Abstract

This study was carried out in Igdir province between 2017-2018. In the
research, 54 black plum genotypes grown in the province were investigated
phenologically, morphologically, pomologically and 15 genotypes were
selected as promising between them according to weighted ratings method. In
selected black plum genotypes, bud bursting, first flowering and full flowering
date was ranged from 7-18 March, 14-23 March, 20-28 March respectively
and genotypes were harvested between 30 July and 10 August. Fruit weight,
fruit width, fruit lenght, fruit height, seed weight, fruit flesh seed ratio-1, fruit
volume, fruit density, fruit hardness, titratable acidity, total soluble solid and
pH in the 15 genotypes which were selected as promising according to
weighted rating method were 56.69-80.31 g, 44.28-50.40 mm, 40.37-48.41
mm, 47.13-53.19 mm, 0.58-1.14 g, 60.87-99.87 52-82 cm3, 0.88-1.38 g cm-3,
3.32-5.66 kg cm-2, 0.83-1.44%, 11.90-15.60% and 3.02-3.27 respectively. In
the study, data that can compete with standard varieties were obtained,
especially in terms of fruit weight and fruit pulp/seed ratio. As a result, it has
been determined that these genotypes, which are widely grown in Igdir
province, are an important gene source for breeding studies.

Key words: Plum, phenology, pomology, [gdir
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GIRIS

Erik, Rosaceae familyasi, Prunus cinsi ve Prunophora alt cinsine mensup Prunus domestica L.
ismiyle bilinen ve diinyada genis bir yayilis alanina sahip énemli bir sert ¢ekirdekli meyve tiirtidiir.
Diinyada Prunus cinsine dahil 200 kadar erik tiirii oldugu bildirilmektedir (Ozvardar ve Onal, 1990).
Erik taksonomik olarak ¢ok farkli alt tiirlere sahip oldugu i¢in ve degisik iklim kosullarina adapte
olabilme 6zelligi sayesinde iilkemizde Dogu Anadolu Bolgesi’nin yiiksek kesimleri ile Giiney Dogu
Anadolu Bolgesi’nin sicak ve kurak iklim goriilen kesimleri diginda hemen hemen her yerde
yetismektedir (Eris ve Barut, 2000; Onal ve Cinsoy, 2003; Oz¢agiran, 2011). Bircok meyve tiiriinde
oldugu gibi erik tiirlerinin anavatani icinde Anadolu’nun da bulundugu bildirilmektedir. Ulkemizde
yetisen erik tiirleri Prunus salicina L., Prunus cerasifera Ehrh., Prunus domestica L., Prunus institia
L., Prunus spinosa L. ve Prunus simonii Carr. olarak bilinmektedir (Bilgii ve Seferoglu, 2005).

Erik meyveleri tiir ve gesitlerine gore farkli sekilde degerlendirilmektedir. Avrupa erikleri (P.
domestica L.) kurutmalik ve sofralik kismen de olsa konservelik olarak tiiketilmekteyken Japon
erikleri (P. salicina Lindl) sofralik tiikketime daha uygundur. Kiraz erikleri olarak bilinen P. cerasifera
Ehrh. tiirii Fransa, Belgika, Italya ve ABD gibi iilkelerde anag olarak degerlendirilirken, iilkemizde ise
Can erik ya da Yesil erik adiyla taze sofralik olarak ve yesil donemde tiiketilmektedir (Ozkarakas ve
ark., 2000).

Bitki genetik kaynaklari, basta gida talepleri olmak {izere insanlarin gesitli temel ihtiyaglarini
kargilamak i¢in 6nemli dogal kaynaklardir. Giiniimiizde bu degerli kaynaklar ¢esitli nedenlerle siirekli
olarak tiikenmekte veya yok olmaktadir (Mirheidari ve ark., 2020).

Islah c¢aligmalarinda ancak mevcut genetik cesitliligin kullanilmasi ile istenilen sonuglara
ulasabilmektedir. Ulkemiz, diinyanin gen merkezlerinin kesisim noktasinda yer almakta, cesitli
ekolojik kosullara sahip ve bircok medeniyete ev sahipligi yapmasindan dolayisiyla bitki tiir ve
cesitliligi bakimindan olduk¢a zengindir (Agaoglu ve ark., 1995). Bu genetik zenginligin potansiyel
kullanimi1, ancak mevcut genotipler iizerinde yapilacak 1slah caligmalari ile uygun genotiplerin se¢imi
ile miimkiin olacaktir. Seleksiyon, 1slah c¢aligsmalarinin ilk adimidir ve giiniimiizde kiiltiirii yapilan
bircok meyve tiirii ve ¢esidinin belirlenmesinde 6nemli rol oynamaktadir (Giileryiiz, 1988; Seniz,
1990).

Tiirkiye, diger meyve tiirlerinde oldugu gibi erikte de zengin bir genetik cesitlilige sahiptir. Igdir
ilinde de bir¢ok yerli ve yabanci erik ¢esidi yetistirilmektedir. Bu gesitler icerisinde yorede kara erik
olarak bilinen meyvesi oldukea iri ve lezzetli olan bir yerel cesit de yetismektedir. Bu yerel ¢esidin
meyve Ozelliklerinin tanimlanmas1 hem boélgenin meyve kiiltiiriine katki saglayacak hem de erik tiirleri
iizerinde yapilacak ileri 1slah arastirmalarina katkida bulunacaktir. Bu c¢alismada yerel kara erik
poplilasyonu igerinde yer alan ve {istiin 6zellik gosteren klonlarin seleksiyon yoluyla segilmesi,
bunlarin fenolojik ve bazi pomolojik 6zelliklerinin belirlenmesi amaglanmustir.

MATERYAL ve YONTEM
Materyal

Bu calisma 2017 ve 2018 yillarin arasinda Igdir ili merkez ve koylerinde yliriitilmiistiir.
Calismanin materyalini yorede uzun yillardir yetistiriciligi yapilan tohumdan yetistirilmis kara erik
genotiplerine ait agaclar olusturmustur. Calismanin ilk yilinda 6zellikle meyvesi iri, meyve eti yiiksek
olan hastalik ve zararlilardan ari 54 erik genotipinden meyve Ornegi almmistir. Bu genotiplerin
fenolojik ve pomolojik 6zellikleri iki y1l siireyle incelenmistir.
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Metot

Calismada fenolojik gozlem olarak genotiplerin tomurcuk patlamasi, ilk ¢icekleme tarihleri, tam
ciceklenme tarikleri, ¢igeklenme sonu, tam ¢igeklenmeden hasada kadar gegen siire ve hasat tarihleri
kaydedilmistir. Pomolojik &l¢iim ve tartimlar sansa bagl segilen 10 meyvede yapilmistir. incelenen
erik meyvelerinde meyve agirligi, meyve boyutlart (en, boy, yiikseklik), meyve hacmi, meyve
yogunlugu, meyve eti/¢cekirdek orani, meyve eti sertligi, ¢ekirdek agirligi, cekirdek en ve boyu,
cekirdegin ete baglilik durumu, meyve et ve zemin rengi, tat durumu, aroma, SCKM, pH ve titre
edilebilir asitlik gibi parametreler incelenmistir. Calisma sonunda iistiin olan genotiplerin belirlenmesi
icin tartili derecelendirme yonteminden faydalanilmistir. Yazgan (1989), Ozkarakas ve ark., (2006) ve
Kuba, (2015)’in kullandiklar: tartil1 derecelendirme yontemi modifiye edilerek esas alinan kriterler, bu
kriterlerin 6nem derecesi, degisim aralig1 ve deger puanlar1 Cizelge 1 de verilmistir. Calismada tartili
derecelendirme neticesinde yiiksek puan alan 15 genotip limitvar olarak se¢ilmistir.

Cizelge 1. Tartil1 derecelendirmede esas alinan kriterler, bu kriterlerin 6nem derecesi, degisim aralig1 ve deger puanlari
Table 1. The criteria based on the scaled rating, the importance of these criteria, the range of change and value scores

Kfriterler Onem derecesi (%) Degisim arahg Deger puam
35.00-45.00
45.01-55.00

Meyve agirligr (g) 20 55.01-65.00
65.01-75.00
75.01-85.00
55.00-70.00
70.01-85.00

Et/cekirdek orant (%) 15 85.01-100.00

100.01-115.00

115.01-130.00
2.50-3.50
3.51-4.50
4.51-5.50
5.51-6.50
11.00-12.50
12.51-14.00

SCKM (%) 10 14.01-15.50
15.51-17.00
17.01-18.50
0.70-1.20

Titre edilebilir asitlik (%) 10 1.21-1.50
1.51-1.80
Az

Meyve kalite ve aromasi 15 Orta

Meyve eti sertligi (kg /cm?) 10

Zengin
Orta
Tat durumu 15 Iyi
Cok iyi
Serbest
Cekirdegin ete baglilig 5 Yari bagh
Bagh

N L W] L WId L W] N WO N D W =0 3 W WO 9 W0 W = |0 3 W W —

Toplam puan 100
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BULGULAR ve TARTISMA

Fenolojik 6zellikleri incelenen 15 timitvar kara erik genotipinde tomurcuk patlamasi 7 ile 18
Mart, ilk ¢igeklenme 14 ile 23 Mart, tam ¢igeklenme 20 ile 28 Mart, ¢igeklenme sonu ise 25 Mart ile 3
Nisan tarihlerinde kaydedilmistir. Genotiplerin hasat tarihleri 30 Temmuz ile 10 Agustos tarihleri
arasinda gergeklesmistir. Kara erik genotiplerinde tam ¢igeklenmeden hasada kadar gecen siire 148 ile
159 giin arasinda kaydedilmistir (Cizelge 2).

Onceki ¢alismalarda Giines (2003), Tokat ilinde yetistirilen baz1 mahalli erik cesitlerinde ilk
ciceklenmenin 7 Mart (Kara erik)-21 Mart (Pic erik), tam ¢iceklenmenin 12 Mart (Kara erik) - 25 Mart
(Pic erik) ve hasat tarihlerinin 13 Temmuz (Yesil erik) - 30 Agustos (Kirmiz1 erik) tarihleri arasinda;
Kuba (2015), Ercig’te inceledigi erik genotiplerinde tomurcuk patlamasinin 5-27 Nisan, ilk
ciceklenmenin 24 Nisan-15 Mayis, tam c¢iceklenmenin ise 03-17 Mayis tarihleri arasinda
gerceklestigini ayrica tam ¢i¢ceklenmeden hasat olgunluguna erisinceye dek gegen siirenin ise; 80-122
giin arasinda oldugunu rapor etmistir. Bu c¢alismada kaydedilen fenolojik gozlem tarihleri ile benzer
caligmalarda gozlenen ciceklenme tarihleri arasindaki zaman farkliliginin g¢esit ya da genotiplerin
yetistigi bolgelerdeki ekolojik faktorlerden, bulunduklari rakimdan, ayni zamanda genetik
yapilarindaki farkliliklardan kaynaklandig: diistiniilmektedir.

Cizelge 2. Kara erik genotiplerinin fenolojik 6zellikleri
Table 2. Phenological characteristics of black plum genotypes

Genotip rll;(:tl;:;lc;sll( Cice{(lll::nme CiceTl?ll;:lme Cl‘}gl;l:: " TCHG* '}:Iaarsialllti

KAE-5 11 Mart 16 Mart 23 Mart 29 Mart 152 3 Agustos
KAE-11 11 Mart 18 Mart 24 Mart 29 Mart 153 4 Agustos
KAE-13 14 Mart 20 Mart 26 Mart 1 Nisan 154 5 Agustos
KAE-14 11 Mart 17 Mart 25 Mart 31 Mart 152 3 Agustos
KAE-17 11 Mart 15 Mart 21 Mart 27 Mart 154 5 Agustos
KAE-18 10 Mart 17 Mart 24 Mart 30 Mart 150 1 Agustos
KAE-19 15 Mart 21 Mart 25 Mart 31 Mart 156 7 Agustos
KAE-20 17 Mart 22 Mart 28 Mart 3 Nisan 159 10 Agustos
KAE-26 18 Mart 23 Mart 28 Mart 3 Nisan 157 8 Agustos
KAE-29 15 Mart 21 Mart 25 Mart 31 Mart 156 7 Agustos
KAE-38 12 Mart 18 Mart 25 Mart 2 Nisan 154 5 Agustos
KAE-44 7 Mart 14 Mart 21 Mart 28 Mart 149 31 Temmuz
KAE-45 9 Mart 16 Mart 22 Mart 27 Mart 148 30 Temmuz
KAE-46 11 Mart 16 Mart 20 Mart 25 Mart 150 1 Agustos
KAE-52 11 Mart 16 Mart 21 Mart 26 Mart 150 1 Agustos

TCHG: Tam Cigeklenmeden Hasada Kadar Gegen Giin Sayist

Incelenen kara erik genotiplerinde meyve agirlig1 56.69 g (KAE-45)-80.31 g (KAE-13) arasinda,
meyve eni 44.28 mm (KAE-45)- 50.40 mm (KAE- 13) arasinda, meyve boyu 40.37 mm (KAE-45)-
48.41 mm (KAE-26) arasinda, meyve yiiksekligi 47.13 mm (KAE-45)-53.19 mm (KAE-13) arasinda,
meyve eti kalinligi 15.30 mm (KAE-46)-18.55 mm (KAE- 26) arasinda, meyve hacmi 52.00 ml (KAE-
45)- 82.00 ml (KAE- 26) arasinda, meyve eti ¢ekirdek orant %61.08 (KAE-20)- %123.31 (KAE-52)
arasinda ve c¢ekirdek agirligi 0.48 g (KAE-45)-1.59 g (KAE-26) arasinda kaydedilmistir (Cizelge 3).

Onceki calismalarda Beyhan (2005), Darende’de yetistirilen bazi standart ve mahalli erik
cesitlerde meyve ¢apini 25.50-34.70 mm, meyve boyunu 28.60-43.70 mm ve meyve yiiksekligini ise
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25.30-37.20 mm; Kuba (2015), Van’in Ercis il¢esinde inceledigi erik genotiplerinde meyve c¢apini
17.99-31.22 mm, meyve boyunu 18.36-35.86 mm, meyve yiiksekligini 18.37-33.32 mm, meyve
agirhgini 3.96-25.59 g cekirdek agirligim 0.38-1.45 g arasinda, Onciil ve Aygiin (2021), Giresun ve
ilgelerinde yetistirilen yerel erik ¢esitlerinde meyve eni 20.65-42.06 mm, meyve boyu 25.42-42.89
mm, meyve yiiksekligi 23.33-43.67 mm, meyve agirligini 8.02-169.40 g ve ¢ekirdek agirligini 0.31-
1.61 g arasinda rapor etmistir. Avan (2015), Bazi Japon grubu erik (Prunus salicina Lindl.)
cesitlerinde erik cesitlerinin meyve eti kalinligim Autumn Giant ¢esidinde 18.53 mm, Red Beauty
cesinde 20.02 mm ve TC Sun c¢esidinde 15.34 mm olarak belirlemistir. Baska bir ¢alismada Subasi
(2013), Isparta’nin Gonen ilgesinde inceledigi erik ¢esitlerinde et/cekirdek oranini 22.33 (President)—
58.79 (Angeleno) arasinda ve Kuba (2015), Ercig’ten segtigi timitvar erik genotiplerinde meyve eti/
cekirdek oranini 11.50 ile 23.09 arasinda tespit etmistir.

Bu ¢aligmada Igdir ilinde incelenen kara erik genotiplerinin ortalama meyve boyutlari ve meyve
agirliklar1 Onciil ve Aygiin (2021)’in calismasinda rapor ettigi iri can erigi (169.40 g) disinda dnceki
literatiirlere gore oldukca yiiksek bulunmus, ¢ekirdek agirligit ve meyve eti kalinligi degerleri ise
verilen literatiirlerle uyumlu bulunmustur. Bunun sebebinin genotip ve c¢esit farkliligi ile iklim
sartlarinin farkli olmasindan kaynaklandig: diistiniilmektedir.

Cizelge 3. Kara erik genotiplerinin baz1 pomolojik 6zellikleri
Table 3. Some pomological characteristics of black plum genotypes

MA ME MB MY MEK MH MEO/CEO CA
Genotip  (g) (mm)  (mm) (mm) (mm) (ml) (%) (2)
KAE-5 64.43 47.46 42.78 49.61 16.90 71.00 71.65 0.93
KAE-11 70.87 47.49 46.55 48.51 16.80 75.00 66.69 1.08
KAE-13 80.31 50.40 47.62 53.19 18.15 77.00 73.06 1.13
KAE-14 70.06 48.39 46.17 51.05 15.74 67.00 80.51 0.93
KAE-17 70.49 48.10 46.51 50.24 16.40 76.00 68.82 1.07
KAE-18 66.26 47.34 46.13 49.68 15.94 77.00 94.79 0.80
KAE-19 68.68 47.72 46.28 48.87 16.60 71.00 71.28 1.00
KAE-20 66.09 46.94 46.81 49.41 16.34 62.00 61.08 1.09
KAE-26 77.43 49.32 48.41 52.66 18.55 82.00 63.75 1.59
KAE-29 63.06 46.16 45.28 48.93 17.39 62.00 75.44 0.90
KAE-38 58.98 45.98 41.03 48.30 15.58 56.00 88.81 0.66
KAE-44 56.89 45.01 40.72 47.24 16.06 56.00 106.32 0.53
KAE-45 56.69 44.28 40.37 47.13 17.32 52.00 121.41 0.48
KAE-46 62.44 46.99 41.52 48.35 15.30 56.00 100.12 0.61
KAE-52 75.18 48.09 46.22 51.18 17.54 57.00 123.31 0.65

MA: Meyve Agirligi, ME: Meyve Eni, MB: Meyve Boyu; MY: Meyve Yiiksekligi, MEK: Meyve Eti Kalinligi, MH: Meyve Hacmi,
MEO/CEO: Meyve Eti Orani/Cekirdek Eti Orani, CA: Cekirdek Agirlig

Kara erik genotiplerinde SCKM degeri %11.90-15.60, pH degeri 3.02-3.27 ve titre edilebilir
asitlik degeri %0.83-1.44 arasinda tespit edilmistir (Cizelge 4). Onceki literatiirlerde; Balik (2005),
baz1 standart erik ¢esitlerinde SCKM degerini %15.63 (Black Beaut)-%22.13 (TC Sun), pH degerini
2.62 (Orginal Sun)-3.30 (October Sun) arasinda; Kuba (2015), Ercis’te yetistirilen erik genotiplerinde
SCKM igerigini %8.00-19.25, pH degerini 3.66-4.40, titre edilebilir asitlik degerini %0.83-2.81
arasinda; Avan (2015), inceledigi erik cesitlerinde pH degerlerini 2.86 (Red Beauty) ile 3.44 (TC
Sun) arasinda; asitlik iceriklerini ise %0.76 (TC Sun) ile %2.15 (Red Beauty) arasinda; Onciil ve
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Aygiin (2021), Giresun ve ilgelerinde yetistirilen yerel erik ¢esitlerinde SCKM, pH ve titre edilebilir
asitlik  degerlerini sirasiyla 9%7.12-18.47, 2.13-3.83, %1.15-2.83 olarak bildirmistir. Elde edilen
sonuglar dceki literatiirler ile benzerlik gostermektedir. Meyvelerde olgunlasmaya yakin SCKM ve pH
degerleri artmakta, titre edilebilir asitlik degerleri azalmaktadir. Bu durumun meyvede olgunluk ve
yaslanmaya bagli olarak gergeklesen biyokimyasal degisikliklerin bir sonucunda meydana geldigi
soylenmektedir (Asma ve Akca, 1996). Genotipler arasinda farkli sonuglar elde edilmesinin
genotiplerin farkli zamanlarda meyvelerinin olgunlasmasindan, beslenme durumlarindan ve genetik
yapilarinin farkliligindan kaynaklandigi 6n goriilmektedir.

Incelenen tiim geotiplerde meyve sekli yuvarlak bulunmustur. Sululuk durumu bakimindan 2
genotip “az sulu”, 6 genotip “orta sulu” ve 7 genotip “sulu” olarak degerlendirilmistir. Aroma durumu
3 genotip disinda “zengin” aromali olarak degerlendirilmistir. Kara erik genotiplerinin tat 6zellikleri
I’inde “orta”,5’inde “iyi” ve 9’unda “¢ok iyi “olarak bulunmustur. Meyve zemin rengi 5’inde “mor”,
6’sinda “agik mor” ve 4’iinde “mor-siyah” olarak; meyve et rengi ise 5’inde “sar1”, 2’sinde “‘sari-
yesil”, 2’sinde “acik kirmiz1” ve 6’sinda “koyu sar1” olarak degerlendirilmistir (Cizelge 4). Onceki
caligmalarda; Balik (2005), inceledigi eriklerin meyve zemin rengini mor-siyahtan sari-yesile kadar
degisen farkli renklerde bildirmistir. Kuba (2015) Ercis yoresinde eriklerinde meyve seklinin 19°unda
eliptik, 26’sinda yuvarlak, meyve kabuk rengini 15 genotipte ‘sar1’, 17 genotipte ‘kirmiz1’, 9 genotipte
‘acik kirmiz1’, ve 4 genotipte ise ‘mor’ renkli olarak; meyve eti rengini ise 40 genotipte ‘sar1’, 3
genotipte ‘yesil’, 2 genotipte ‘kirmizi’ olarak bildirmistir. Bitkilerin kendilerine has renkleri genetik
ozellikleriyle ilgilidir. Diger taraftan gelisme donemi igerisinde meydana gelen sicaklik degisimleri,
151k yogunlugu, su ve beslenme durumu gibi faktorlerde meyve rengini etkilemektedir (Kuba, 2015).
Bu calismada kara erik genotiplerinde renk tonlarinda farklilik gdriilmesinin genetik faktorlerden,
giineslenme ve sicaklik degisimlerinden ayrica meyvelerin hasat edildikleri donemdeki olgunluk
durumlarindan kaynaklanmis olabilecegi diistiniilmektedir.

Cizelge 4. Kara erik genotiplerinin bazi kimyasal ve meyve 6zellikleri
Table 4. Some chemical and fruit characteristics of black plum genotypes

Genotip “g:kylvle Sll:lrl:ll:ll; 1%?nylfrtla Mre:ytve Aroma Tat  SCKM (%) pH TEA (%)
Rengi Rengi .

KAE-5 Yuvarlak Orta Mor Koyu Sar Zengin  Cok Iyi 12.95 3.17 1.44
KAE-11 Yuvarlak Sulu Mor-Siyah ~ Agik Kirmizi ~ Zengin  Cok lyi 14.30 3.13 1.28
KAE-13 Yuvarlak Orta Mor Koyu Sar Zengin Iyi 11.90 3.15 1.16
KAE-14 Yuvarlak Orta Mor Koyu Sar Zengin  Cok lyi 12.35 3.20 1.01
KAE-17 Yuvarlak Orta Mor-Siyah Koyu Sar Zengin Iyi 14.75 3.12 1.23
KAE-18 Yuvarlak Sulu Mor Koyu Sar Zengin  Cok lyi 14.35 3.19 0.98
KAE-19 Yuvarlak Sulu Mor-Siyah Koyu Sar Zengin  Cok lyi 14.55 3.27 0.83
KAE-20 Yuvarlak Sulu Mor-Siyah ~ Agik Kirmizi  Zengin ~ Cok lyi 14.00 3.17 0.89
KAE-26 Yuvarlak Sulu Mor San Orta Cok iyi 13.20 3.27 1.10
KAE-29 Yuvarlak Sulu Agik Mor Sar1 Zengin  Cok lyi 12.75 3.15 1.13
KAE-38 Yuvarlak Orta Agik Mor Sar1 Zengin Iyi 13.05 3.06 0.94
KAE-44 Yuvarlak Orta Agik Mor Sar1 Zengin Iyi 13.10 3.06 0.91
KAE-45 Yuvarlak Az Acik Mor Sari-yesil Orta Orta 15.25 3.12 0.87
KAE-46 Yuvarlak Az Agik Mor Sari-yesil Orta Iyi 12.55 3.02 0.94
KAE-52 Yuvarlak Sulu Agik Mor Sar1 Zengin  Cok lyi 15.60 3.19 0.97
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SONUC

Calismada elde edilen bulgular 15131nda bir degerlendirme yapildiginda Igdir yoresinde
yetistirilen kara erik genotiplerinin meyve ve kalite 6zellikleri bakimindan iistiin 6zelliklere sahip
olduklar1 gorilmiistiir. Tartili derecelendirmeye gore iimitvar segilen kara erik genotiplerinden
ozellikle meyve agirligi ve meyve eti/¢cekirdek orani bakimindan standart cesitlerle yarisabilecek
Ol¢iide sonuclar alinmistir. Bu genotiplerin modern meyvecilik teknikleri ve kiiltiirel islemlerin
yapilmadig1 ya da az yapildig1 kosullarda bu performans: gosterdikleri dikkate alindiginda kiiltiirel ve
bakim sartlarinin yapildigi kosullarda daha iyi sonuglar alinabilecegi diisiinlilmektedir. Igdir
ekolojisinde yiiriitiilen bu ¢alismada elde edilen sonuglara gore 15 genotip limitvar olarak gorilmiistiir.
Bununla birlikte bu genotiplerin uygun anaglara agilanarak genetik kaynak olarak koruma altina
alinmasi, standart erik cesitleriyle ayni ¢evre kosullarinda adaptasyon calismalarinin yapilarak verim,
meyve kalitesi ve ¢iceklenme 6zelliklerinin uzun yillar takip edilmesi 6nemli goriilmektedir.

YAZAR KATKILARI

Yazarlarin her biri makaleye esit olarak katki saglamiglardir

CIKAR CATISMASI

Yazarlar arasinda ¢ikar ¢atismast bulunmamaktadir.

TESEKKUR

Bu ¢alisma, ikinci yazarin danigsmanlifinda birinci yazarin yiiksek lisans tez calismasindan
iretilmistir
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Ozet

Toprak gibi, ¢ok kiymetli ve miktar1 artirllamayan, yanlis uygulamalarla iist
verimli kismi azalan milli servetimizi korumak icin, oncelikle onu iyi
tamimak, Ozelliklerini ve verimlilik durumunu bilmek toprak bilimciler i¢in
bir 6devdir. Bu Odevin en son yerine getirilmis, gorsel hali toprak
haritalanidir. Bir iilke veya bdlge topraklarinda meydana degisikliklerin
izlenmesi ve gerekli Onlemlerin alinmasi igin toprak haritalarmin belirli
sireler igerisinde yenilenmesi, ilk haritalarin olusturulmasindan daha
onemlidir. Tiirkiye toprak haritalamasindaki gelismelerin kronolojik olarak
verildigi bu c¢aligmada, 1958-2021 tarihleri arasinda hazirlanan toprak
haritalar1 sunulmustur. Calisma alanimiz olan Igdir ili Grneklendirmeleri,
toprak haritalar iizerindeki okumalarla yapilmistir. Koy Hizmetleri Genel
Midiirligi (KHGM), Kars ili arazi varhigr paftalarindaki [gdir ili siirlar
sayisallagtirilarak, Cografi Bilgi Sistemleri (CBS) ortaminda tiim
karakteristikler 0z nitelik tablosu halinde veri tabanina doniistiiriilmiis ve
Toprak Reformu Genel Miidiirligi 1/25.000 6lgekli sayisal toprak verileri ile
birlikte kullanilarak; biiyilik toprak gruplari, arazi kullanim kabiliyet siniflari
ve problemli arazileri kapsayan ¢ok amagli bir Igdir ili haritas1 hazirlanmistir.
1958 yilinda, Igdir ili i¢in 1 biiyiik toprak grubu ortaya konmus iken; 1998
yilindan bugiine kadar 7 biiyiik toprak grubu belirlenmistir.

Anahtar Kelimeler: Tiirkiye toprak haritalari, Igdir toprak haritalari, CBS

Evolution of Turkiye Soil Maps and Igdir Province Example

Gelis Tarihi: 21.02.2022

Abstract

It is an assignment for soil scientists to protect our national wealth, such as
soil, which is very valuable and amount cannot be increased, and upper
productive part is decreased by wrong practices, to know it well, to know its
properties and productivity status. The final visual version of this assignment
is the soil maps. In order to monitor the changes in the lands of a country or
region and to take the necessary precautions, it is more important to renew
the soil maps within a certain period of time than to create the first maps. In
this study, in which the developments in Tiirkiye's soil mapping were given
chronologically, soil maps had prepared between 1958-2021 were presented.
The samplings of the province of Igdir which is our study area were
performed with readings on the maps. General Directorate of Rural Services,
Igdir province borders on layouts of Kars province land asset map were
digitized on the Geographic Information Systems (GIS), and all the
characteristics on the map have been converted into a database in the form of
attribute tables. General Directorate of Land Reforms 1/25.000 scaled digital
soil data and attribute table were used together, and a multi-purpose map
covering large soil groups, land use capability classes and problematic lands
was prepared. In 1958, while 1 large soil group was revealed for the province
of Igdir; since 1998, 7 major soil groups have been identified.

Key words: Tiirkiye soil maps, Igdir soil maps, GIS
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GIRIS

Ulke veya bolge bazinda toprak haritalarmin olusturulmasi, gelisen teknolojilere ve ihtiyaglara
gore giincellenmesi elimizdeki toprak varligini tanimak, en verimli bir sekilde kullanmak ve korumak
acisindan olduk¢a onemlidir. Haritalama i¢in olusturulacak veri tabani; tarim planlamalari, ¢evresel
etki modelleri, diger baz1 miihendislik dallari ile dogal kaynak planlanmalar1 ve bunlarin korunmasi ile
ilgili caligmalarda kullanilabilmektedir. Hazirlanan raporlarin dogru olmasi, detay ve igerik zenginligi,
daha sonraki kullanimlar i¢in gegerli sonuglar ortaya koymaktadir (Rogowski ve Wolf, 1994).

Toprak haritalama yontem ve elde edilen haritalarin kalitelerinde iilkemiz ve diger tlkeler
arasinda farkliliklar s6z konusudur. ABD’de tarim yapilan alanlarin tamaminda toprak etiitleri
tamamlanmistir. Avrupa iilkelerinde de benzer durum séz konusudur (Bathgate ve Duram, 2003).
Ulkemizdeki durum, K&y Hizmetleri Genel Miidiirliigiince (KHGM) belirli bolgeler igin hazirlanmis
1:100.000 olgekli il envanter raporlari ve 1:200.000 6lgekli havza raporlari eski siniflama sistemine
gore yetmisli yillarin baslarinda hazirlanmig toprak haritalar1 (bazi istisnalar disinda) tek veri kaynagi
seklindedir (Dengiz ve Sarioglu, 2011). Adi1 gecen haritalar sadece toprak derinligi, egim, erozyon
derecesi, drenaj, tuzluluk, alkalilik, taslilik, kayalilik, arazi kullanim kabiliyet sinifi, alt sinift ve arazi
kullanim durumu bilgilerini sunmaktadir. Ancak bunlar sunduklari1 bilgilerin yeterli ve giincel
olmamas: ve kiigiik Olcekli olmasi sebebiyle detayli calismalar ve planlamalar icin uygun
olamamaktadir (Akbas ve Yildiz, 2004).

Ulkemizde 1940’11 yillarin sonunda, ilk defa ¢agdas bilgilerle toprak bilimin temelini atan Tiirk
toprak biliminin énciisii Prof. Dr. Kerim Omer Caglar tarafindan 1951 yilinda baslatilan toprak etiitleri
1952-1954 yillar1 arasinda 1/800000 Slgekli “Tiirkiye Umumi Toprak Haritas1” olarak yaymlanmustir.
Haritanin altinda “Caglar 1958” ifadesi bulunmasina ragmen bu tarihin harita olusturulma tarihi
olmadigi; Oakes’in (1958) daha kapsamli Tiirkiye Umumi Toprak Haritasindan dnce hazirlandigi veya
bu haritanin basili halinden haberdar olunmadan hazirlandig1 (Tanrikulu, 2017) ifade edilmektedir.
Cok genel ve sematik karakterde olusturulan Tiirkiye Toprak Haritas1 ayni 6lgekte renklendirilerek
Sekil 1°de verilmistir.
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B couenunay xaraonatrooraxiass [ KOUVEESNER ORMAN TCPRAKLARS L KESTANE CSMERI VE SARI TOPRANLAR

N
AZONAL TOPRAKLAR CORAK TCPRANLAR I 2o X DLETLI TOPRAKLAR VE KL TCPRAKLAR BIRLIG
Il ~ox ToeRAKLAR B 502 Ve CaMER STEP TCPRANLARS NALNERL JMAL CRMAN TOPRAKLARS
B sk CRMAN TCPRAKLARS Bl ~rma ToPRAKLAR ]

Sekil 1. Tiirkiye Toprak Haritast
Figure 1. Soil Map of Tiirkiye
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Caglar’in haritasina goére; Marmara’da, azonal topraklari, kiil ve humuslu karbonat topraklari,
kizil topraklari ve esmer orman topraklari; Ege’de, kizil topraklari ve esmer orman topraklari;
Akdeniz’de, zengin iskeletli orman topraklar1 ve kizil topraklar: birligi, kizil topraklari, boz ve esmer
step topraklari, azonal topraklari; Karadeniz’de, kara topraklar, kiil ve humuslu karbonat topraklari,
kalkerli simal orman topraklari, boz ve esmer step topraklari, zengin iskeletli orman topraklari ve kizil
topraklar1 birligi; Giineydogu Anadolu’da, kizil topraklar, kestane esmeri ve sar1 topraklar, ¢orak
topraklar; Dogu Anadolu’da, kiil ve esmer orman topraklari, kestane esmeri ve sar1 topraklar, kara
topraklar, ¢orak topraklar; i¢ Anadolu’da, kiil ve esmer orman topraklari, kestane esmeri ve sari
topraklar, corak topraklar, boz ve esmer step topraklari; Dogu Anadolu’da kara topraklar, kestane
esmeri ve sar1 topraklari, ¢orak topraklar belirlenmistir. Haritanin olusturulmasinda toprak rengini esas
alan Caglar, Tiirkiye topraklarini on bir sinifa ayirmistir (Tanrikulu, 2017).

Ulke diizeyindeki calismalar 1952-1954 yillar1 arasinda ICA toprak uzmani Harvey Oakes ve
Tirk meslektaslar1 tarafindan yapilmigtir. Sonug¢ olarak terciimesi 224 sayfa tutan bir rapor ve
1/800.000 olcekli “Tiirkiye Umumi Toprak Haritas1” hazirlanip yaymlanmistir. Raporun 8. sayfasinda
iilkemizin dogu bdlgelerine gidilemedigi ve bu bolgelerle ilgili haritalamanin jeolojik haritalar ve
raporlar, topografik haritalar, mevcut klimatolojik veriler ve  ABD’de hazirlanan Diinya Toprak
Haritas1 iizerinde yapilan etiit ve enterpretasyon sonucunda sematik olarak yapildigi bildirilmistir
(Oakes, 1958). Tiirkiye Umumi Toprak Haritas: {izerinde Igdir iline ait kismin fotografi alinarak ayri
bir harita olusturulmustur. Bu harita Igdir ili i¢in ilk toprak haritasidir (Sekil 2).

SRR =

Sekil 2. Tiirkiye Umumi Toprak Haritasinda Igdir boliimii
Figure 2. The Igdir section of the Tiirkiye General Soil Map

Haritadaki Igdir sinirlari; gliney boliimiindeki farkliliklar ve bati boliimiinde sinirlarin olmamast
sebebiyle bugiinkii il sinirlar1 ile ortlismemektedir. Bu durum, Igdir’in il olmasi sonucu yapilan idari
diizenlemeler ile ilgilidir. Haritaya ait lejant, okunusu kolaylastirmak i¢in Cizelge 1’de verilmistir.
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Cizelge 1. Tiirkiye Umumi Toprak Haritasimin lejant bilgileri
Table 1. Legend information of Tiirkiye General Soil Map

Tiirkiye toplami
Alan (ha) Oran (%) Alan (ha) Oran (%)

Tarmma uygun arazi
Kod yg

Toprak Egim

Hidromorfik tuzlu Aliivyal (veya

2As halomorfik) Diiz (%0-1) 650200 0.85 130040 20

8A  Siyerozem gri topraklar Diiz (%0-1) 172800 0.23 146880 85

16C Kestane rengi Orta (%3-8) 895800 1.17 671850 75
Daglik arazi (i¢ ve dis pliskiiriik Hasin

20F kayalar iizerinde) (%15-40) 12614400 16.41 756864 6

Bu verilere gore Igdir ilinde veya bdliimiinde; aliivyal, siyerozem ve kestane rengi olmak tizere
ii¢ biiyiik toprak grubu goriilmektedir. Kapladiklar alanlar ve oranlar1 haritanin tamami, yani Tiirkiye
geneli ile ilgilidir ve Igdir i¢in bir bilgi yoktur. Biiylik toprak gruplarina ait bazi toprak 6zellikleri de
Cizelge 2’de verilmistir.

Cizelge 2. Toprak 6zellikleri
Table 2. Soil properties

Kod 2As 8A 16C 20F
Tarima Kiiltiir bitkileri i¢in Tahil nadas, sulanan
o Tahil nadas Mera
uygunluk uygun degil yerlerde sebze
15-28 c¢m, dagilabilir 15-25 cm, dagilabilir,
20-30 cm, . o e
LT soluk kahverengi-agik koyu grimsi Toprak ortiisii yok,
- Kahverengimsi gri ile soluk . . ;
Ust Zeytin gri veya agik sarimsi kahverengi- olan yerlerde ince
tuz ci ekle;lmesi kahverengi kahverengi, kalkerli killi bir ortii
— “e tin ile kumlu kil arasi kil ile killi tin arasi
:; Agik sarimst Kahverengi-grimsi
& Acik griden soluk zeytine, kahverengiden soluk Kah grel
=< Al kalkerli killi tin ile kahverengine kadar, , <anverengl, Yok
& s e . kil, kalkerli ve kire¢
53 killi tabakalar killi tin ile kumlu kil KatL var
&= arasi, kuvvetli kalkerli
Kirectast veya alkali
.o Tl kalkerli, iri taneli taglar
Kumludan killiye . .
Ana Kalkerli aliivivam yer yer ¢akill iizerinde yumusak Volkanik kayalar
yu madde beyazimtirak tebesirli
marn
Derinlik Derin, fakat kok bolgesi
yiiksek taban suyu ile Derin Orta s18 Yok
sinirlanmig
Drenaj Cok yavas veya yok, taban Orta . .Yav.a§-0.rt a
suyu yiizeye yakin tahillar i¢in uygun bitki gelisimine cok i
uygun
Erozyon Yok Yok Fazla-cok fazla Tarim yok
illl(llliamm Cayir, mera Sulu, kuru tarim, mera Tarla tarimi, mera Agaclik

Orug (1970), Igdir ovasinda yiiriittiigli arastirmada, 13 farkli noktada profil agarak, toprak ve su
ornekleri almig, corak topraklarin fiziksel ve kimyasal O6zelliklerini belirlemis ve arazi kabiliyet
siniflama haritas1 olusturmustur (Sekil 3). Bu harita [gdir ili i¢in ilk yapilan ¢alismalardan biri oldugu
icin 6nemlidir ve renklendirilerek sunulmustur.

28.02.1960 tarihinde yiiriirliige giren 7457 sayili yasa ile toprak etiit ve haritalama ¢alismalar1
Topraksu Genel Miidiirliigiine verilmistir. Yurdumuzda planli kalkinma doénemlerinin baglamasiyla
hazirlanmasi gerekli goriilen tarimsal planlamalar i¢in toprak kaynaklarimiz ile ilgili yeni bilgilere
ihtiya¢ duyulmustur.
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Topraksu Genel Midirliigii tarafindan 1966 yilinda iilke c¢apinda baslatilan “Tiirkiye
Gelistirilmis Toprak Haritas1” calismalar1 yiiriitiilmis ve 1971 yilinda sonuglandirilmigtir. Arazi
varligimin belirlenmesinde kullanilan toprak 6zellikleri; etkili toprak derinligi, erozyon, taslilik, drenaj,
egim, tuzluluk ve alkaliliktir (Topraksu, 1978).

Tiirkiye Gelistirilmis Toprak Haritasi, iilkemiz i¢in ikinci, ancak orijinal arazi etiitleri esas
alinarak onemli toprak problemlerinin ve dagilimlarinin belirlendigi ilk toprak haritasi ¢alismas1 olarak
karsimiza c¢ikmaktadir. Arazi etiit ¢alismalari ile tiim {iilke topraklari 1/25.000 olgekli topografik
haritalar kullanilarak ve arastirma diizeyinde incelenerek haritalanmistir. Haritalama {initesinde, 1938
Amerikan siniflama sistemine ait biiylik gruplar1 kullanilmistir. Her il i¢cin 1/100.000 6l¢ekli Toprak
Kaynagi Envanter Haritas1 ve Raporu, ayrica iilkemizde mevcut 26 biiylik su toplama havzasindan
17°st i¢in 1/200.000 olgekli Havza Toprak Haritast ve Raporu seklinde yayimlanmistir. Ancak bu
caligmalar arastirma diizeyinde oldugundan 1/25.000 Olgegin sagladigi biitiin ayrintilar elde
edilememistir (Tanrikulu, 2017).

K
RUSYA
-y,
! @ ARALIK
DUC

- L. Simif arazi
- IL. Simf arazi "
IRAN

II. Simf arazi
V. Sif arazi

VI. Sinif arazi

Sekil 3. [gdir ovasi arazi kullanim kabiliyet siniflar1 haritasi (Orug, 1970)
Figure 3. Igdir plain land use capability classes map (Orug, 1970).

Bu calismada, heniiz il olmayan Igdir, Kars iline bagl ilge olarak yer almig ve bugiinkii
siirlarin1  yansitmamaktadir. Tiirkiye Gelistirilmis Toprak Haritasinin Kars bolimii ile ilgili
paftalardan fotograflanarak elde edilen Igdir’a ait kesitler Sekil 4 (a, b, ¢) de verilmistir. Batida
Tuzluca ilgesi boliimiinden (a), ortada Igdir ili ve Karakoyunlu ilgesi boliimleri (b) ile doguda Aralik
ilgesi boliimii (c) yer almistir. Dilucu kesiminde herhangi bir toprak 6zelligi ile ilgili veri olmadig1 igin
bu ¢alismaya dahil edilmemistir.
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Sekil 4 (a, b, ¢). Tiirkiye gelistirilmis toprak haritas1 [gdir boltimii

Figure 4 (a, b, ¢). Tiirkiye enhanced soil map Igdir se

ction.

Tiirkiye Gelistirilmis Toprak Haritasi lejant bilgilerinin Igdir boliimi ile ilgili kistmlar1 okunusg
ve kullanim kolaylig1 acisindan Cizelge 3’°te verilmistir. Buna gore, Igdir ili veya boliimii i¢in biiyiik
toprak gruplart aliivyal, kahverengi, bazaltik ve regosol olarak belirlenmis ve bu alanlar diginda kalan
araziler degerlendirilmemistir.

Cizelge 3. Tirkiye gelistirilmis toprak haritasi Igdir boliimii lejant bilgileri
Table 3. Improved soil map of Tiirkiye Igdir section legend information

Biiyiik toprak gruplan Toprak ozellik iliskileri
A Alivyal 1  Diiz ve diize yakin egim (%0-2), derin (90+ cm) 7  Hafif egim, s1g (50-20 cm)
B Kahverengi 2 Diiz ve diize yakin egim, orta derin (90-50 cm) 9  Ortaegim (%6-12), derin
X Bazaltik 4  Diiz ve diize yakin egim, ¢ok s1g (20-0 cm) 13 Dik egim (%12-20), derin
L Regosol 5  Hafif egim (%2-6), derin 14 Dik egim, orta derin
6  Hafif egim, orta derin 15 Dikegim, si1g
Diger ozellikler Erozyon derecesi Mevcut kullamm  Arazi simifi Alt simf pH
t Tash 1 Hig veyacok az K Kurutarrm T 1.smif e Erozyon ~ ----- 5.51-7.50
h Hafif tuzlu 2  Orta S  Sulutanm 1II 3. smf georli(nligi ...... 7.51>
k Hafif tuzlu-alkali 3 Siddetli IV 4.smif  w Sel basmasi
Toprak verimliligi degerlendirme anahtar

Sembol Azot (N) Fosfor (P) Potasyum (K) Sembol Azot (N) Fosfor (P) Potasyum (K)

3 Az Az Yiksek 15 Orta Orta Yiiksek

7 Az Orta Yiiksek 18 Orta Yiiksek Yiiksek

8 Az Yiksek Yiiksek 21 Yiiksek Az Yiiksek

12 Orta Az Yiksek 24 Yiiksek Orta Yiiksek

13 Orta Orta Az
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Toprak ozellik iliskilerine gore, Igdir boliimii arazileri, diiz-dik aras1 egim derecelerine, ¢ok sig-
derin arasi toprak derinliklerine sahiptir. Toprak problemleri veya baska bir deyisle problemli araziler
tagli, hafif tuzlu ve alkali; orta ve siddetli su erozyonu, yetersiz kok derinligi ve sel basmalar1 olarak
belirlenmistir.

1982 yilinda yayinlanan Topraksu Biiyiik Toprak Gruplari1 haritasi renksiz olarak hazirlanmig
olup ¢ok genel bir haritadir. Haritanin kullanimin1 ve okunusunu kolaylastirmak amaciyla
renklendirilmis ve Sekil 5’te verilmistir (Karaoglu ve Celim, 2018a). Bu haritada Igdir iline ait
topraklarin hemen tamaminin aliivyal ve bat1 boliimii olan Tuzluca ilgesine ait topraklarin regosol
topraklar oldugu goriilmektedir.

1982-1984 doneminde Topraksu Genel Miidiirliigii'nce yiiriitilen “Tiirkiye Toprak
Potansiyelleri Etiitleri ve Tarim Disi Amagli Arazi Kullanimi Planlamalar1 Projesi” ile “Tiirkiye
Gelistirilmis Toprak Haritasi Etiitleri” yenilenerek, biitiin illerde arazi ¢alismalartyla son degisimler
belirlenmistir. Bu degisim kriterleri, toprak gruplari, derinlikler, taslilik, asinim diizeyleri, yayilimlar,
drenaj, tuzluluk ve alkalilik, arazi kullanimi1 ve arazi kullanim kabiliyet siniflar1 olarak incelenmistir.
Elde edilen degisim ve farkliliklar 1/25.000 6lgekli toprak haritalari tizerine aktarilmis iilkenin tamami
icin glincelleme yapilmistir. Tiirkiye Gelistirilmis Toprak Haritas1 yenilenen etiitleri sonucu hazirlanan
1/100.000 olgekli haritalar, gerekli yorumlart yapilip, birlestirilerek KHGM tarafindan 1/200.000
olgekli “Tirkiye Toprak Kusaklar1 Haritas1” hazirlanmis ve “Tiirkiye Genel Toprak Amenajman
Planlamas1” adiyla 1987 yilinda yayimlanmistir (Sekil 6). Ancak, daha sonra toprak genetik
simiflarinin yeniden gézden gecirilmesi, yeni toprak siniflandirmasina uygun hale getirilmesi ve sonug
olarak ayrintili ve giincel bir Tiirkiye toprak haritas1 hazirlanmasinin énemi belirtilmistir (Ozkalayci ve
ark., 2001).
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W Pod:olik Toprakiar 1 Kiregsiz Kahverengi ve Bazaltik Topraklar
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—1 Kahverengi ve Kirmuzi Kahverengi Topraklar 1 4 iitvyal Topraklar
Il Kestanerengi ve Kirnuzuims: Kalhverengi Topraklar

Tiirkiye Biiyiik Toprak Gruplar haritas: (Topraksu 1982'ye gire renklendirilerek yeniden cizilmistir.)

Sekil 5. Tiirkiye Biiyiik Toprak Gruplar1 Haritas1 (Karaoglu ve Celim, 2018a)
Figure 5. Tirkiye Major Soil Groups Map (Karaoglu and Celim, 2018a)
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TURKIYE BUYUK TOPRAK GRUPLARI HARITASI
d -_A‘, e Sy ‘ )

I Aliivyal topraklar (A) B Kirmuizms: kahverengi topraklar (F) Kahverengi orman topraklan (M) {0 Aliivyal sahil topraklan (S) I Yiiksek dag mera topraklan (Y)

I Kahverengi topraklar (B) Gri-kahverengi podzolik topraklar (G) Kiregsiz kahverengi orman topraklan (N) B Kirmuz akdeniz topraklan (T) Gri ¢6l topraklan (Y)
Kestanerengi topraklar (C) Hidromorfik topraklar (H) B Organik topraklar (0) I Kiregsiz kahverengi topraklar (U) Diger alanlar

B Kirmizims: kahverengi topraklar (D) Koliivyal topraklar (K) Kirmuzi-san podzolik topraklar (P) B Vertisol topraklar (V)

I K gi akdeniz I Regosol topraklar (L) Rendzina topraklar (R) B Bazaltik topraklar (X)

Sekil 6. Tiirkiye toprak kusaklar haritasi
Figure 6. Tirkiye soil belt map

Bu haritanin hazirlandig: tarihte Igdir, Kars iline bagl ilge konumundadir. O donemde il sinirlart
belli olmayan Igdir ve ¢evresi i¢in belirlenen biiyiik toprak gruplari aliivyal, koliivyal, bazaltik olarak 3
tanedir ve [gdir’in giineyine dogru daglik alanlardaki topraklar diger topraklar seklinde verilmistir.

Koy Hizmetleri Genel Miudiirliigli tarafindan 1986 yilinda baglatilan ve mevcut iller seviyesinde
yiriitillen arazi varligi ¢alismalart ve 1/100.000 6lgekli haritalarin tamamlanip yayinlanmasi ancak
1998 yilinda gergeklesmistir. Bu donem zarfinda iilkemizin idari yapisinda degisiklikler olmus ve yeni
iller kabul edilmis ve tiim haritalarda degisiklikler meydana gelmis ve daha 6nce hazirlanmis toprak
haritalar1 da bu degisimden etkilenmistir.

1992 yilinda il olan Igdir, Kars ili arazi varlig1 calismasi icerisinde 8 ve 9 nolu paftalar olarak yer
almistir. Bu ¢alismada, toprak, topografya, iklim, mevcut sulama durumu ve arazi kullanim sekline
gore araziler 4 grupta toplanmustir: 1) Birinci derecede 6nemli tarim arazileri (Mutlak tarim arazileri).
2) Ikinci derecede énemli tarim arazileri (Ulke ekonomisinde énemli yeri olan tahil ve bazi endiistri
bitkileri yetistirilen ve yetistirilmesine uygun olan araziler). 3) Ugiincii derecede 6nemli tarim arazileri
(Tesis edilmis bag-bahge ve 6zel iiriin arazileri). 4) Diger araziler (Islemeli tarima uygun olmayan
veya sinirlt olarak uygun olan arazilerle orman rejimindeki araziler).

Arazi varliginin belirlenmesinde kullanilan toprak o6zellikleri; mevcut kullanim sekli, etkili
toprak derinligi, erozyon, taslilik, drenaj, egim, tuzluluk ve alkaliliktir (KHGM, 1998). Haritalamada
kullanilan lejant bilgisi i¢in Cizelge 4 6rnek olarak verilmistir.
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Cizelge 4. Lejant bilgileri
Table 4. Legend information

M11t.2
K
IV se
M Biiyiik toprak grubu
11 Toprak ozelliklerinin iliskileri
t Diger toprak ozellikleri
2 Erozyon derecesi

Simdiki arazi kullanma sekli

14 Arazi kullanma kabiliyet sinifi
se Alt simif

8 ve 9 nolu paftalar ayrilarak ve mevcut Igdir il sinirlarina bagli kalinarak, ayri bir Igdir toprak
haritas1 olusturulmus ve Sekil 7 olarak verilmistir. Bu haritada belirlenen biiyilik toprak gruplari
allivyal, kahverengi, kahverengi orman, kestane rengi, koliivyal, regosol ve bazaltik topraklar olarak 7
cesittir.

Sekil 7. Igdir ili toprak haritas1 (KHGM, 1998’e gore)
Figure 7. Soil map of Igdir province (according to KHGM, 1998)

Ancak bu haritay1 bu sekilde okumak ve kullanmak oldukg¢a zordur. Biiyiik emek harcanmis bu
caligmay1 daha iyi degerlendirebilmek i¢in harita renklendirilerek ve 6l¢ekli olarak yeniden iki farkl
harita olarak hazirlanmistir. Bu ¢alismalardan birisi Karaoglu ve Yalgin (2018b) tarafindan hazirlanan
problemli topraklar haritasidir (Sekil 8). Bu haritada taglilik durumu ve biiyiik toprak gruplari da yer
almistir.

Bu haritanin verildigi Kars ili arazi varligi (KHGM, 1998) isimli raporda yer alan, Igdir ili veya

ilcesi ile ilgili boliimlere ait arazilerin alan dagilimlar1 Cizelge 5’te verilmistir. Igdir 1992 yilinda il
olduktan sonra ilge olan Karakoyunlu’ya ait arazi varligi [gdir degerleri igerisinde verilmistir.
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t- Tasl: D 3. derecede dnemii
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(KHGM, 1998'¢ Eﬁrt renklendirilerek veniden cizilmistir.,)

Sekil 8. [gdir problemli topraklar haritasi (Karaoglu ve Yalgin, 2018b)
Figure 8. Igdir problem lands map (Karaoglu and Yalgin, 2018b).

Cizelge 5’e¢ gore Igdir arazilerinin biiyiik bir bolimii (249.031 ha) cayir-mera olarak
kullanilmaktadir. Ova kesiminde yer alan ve iglemeli tarim yapilan araziler (I, II ve III. sinif) oldukga

sinirli bir alana (61.573 ha) sahiptir. Ormanlik ve fundalik alanlar da ¢ok az bir alani1 (7884 ha)
kaplamaktadir.

Cizelge 5. Igdir ili veya bolimii arazi varligi (KHGM, 1998)
Table 5. Land assets of the province or part of [gdir (KHGM, 1998)

Arazi gruplan ve kabiliyet simiflar (ha)

Yerlesim Sulu tarim Kuru tarim Bag-Bahce (I(i aﬂ}r-xel\% Orman ve Tarim dis1
(I, 11, II0) (1L, 111, IV) ) ’ \}II) > fundalik (VII)
Igdir 31290 2964 1273 86760 - 24595
Tuzluca 5267 13706 1042 99404 476 4522
Aralik 4734 1130 167 62867 7408 6111

Igdir ili topraklarinda taglilik en 6nemli problemlerden birisidir. Ova kesimi disindaki tiim
alanlarda taslilik problemi vardir. Taglilik, arazilerde egim ve derinlik problemleriyle birlikte arazi
kullanim kabiliyetini olumsuz yonde etkilemektedir.

Hafif tuzlu, tuzlu, hafif tuzlu alkali ve tuzlu alkali topraklar, yagisin az; sicaklik ve
buharlasmanin daha yiiksek oldugu ova kesimindeki islemeli tarim arazileri (I, IT ve II1. sinif) {izerinde
olumsuz etki yaparak arazi kabiliyet siniflama degerini ve/veya iiriin verimini diistirmektedir.
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KHGM (1998), Kars il arazi varlig1 esas alinarak, Igdir ili i¢in yiiriitiilen ikinci haritalama
caligma ise, sadece biiyiik toprak gruplart ve islemeli tarim arazilerini (I, II ve III. sinif) gosteren
haritadir. Bu harita ilk defa bu ¢alismada yayimnlandigi i¢in bulgular ve tartisma boliimiinde verilmistir
(Sekil 12).

Atalay (2000), Tiirkiye toprak tipleri dagilis haritasint hazirlamis ve sunmustur. Bu harita daha
sonra renklendirilerek Cografya Harita (Saygili, 2014) web sitesinde sunulmustur (Sekil 9).
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Sekil 9. Tiirkiye toprak tipleri dagilis haritas1
Figure 9. Tirkiye soil types distribution map.

Sekil 9’daki haritaya gore, Igdir ili sinirlart icerisinde kalan toprak tipleri kahverengi ve kestane
rengi topraklar, aliivyal topraklar ve daglik ve volkanik arazi iizerindeki kumlu ve tasli topraklar olarak
tespit edilmistir.

Atalay, farkli kaynaklardan derleyip, diizenleyerek olusturdugu Tiirkiye toprak haritasini siyah-
beyaz olarak yayinlamistir (Atalay, 2006). Bu harita daha sonra renklendirilerek Cografya Harita
(Saygili, 2014) web sitesinde sunulmustur (Sekil 10). Bu c¢alisma, daha giincel olan haritanin
okunusunu ve kullanimini kolaylagtirmistir.
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Sekil 10. Tirkiye toprak haritas1 (Atalay, 2006)
Figure 10. Soil map of Tiirkiye (Atalay, 2006)

Atalay (2006) tarafindan sunulan ve Sekil 10’da verilen Tiirkiye Toprak haritasina gore, Igdir il
smirlart igerisinde yer alan biiylik toprak gruplari; hidromorfik aliivyal, hidromorfik topraklar,
kahverengi topraklar ve kumullar olarak verilmistir.

Sunulan tiim haritalar 1998 yilinda KHGM tarafindan hazirlanan Il arazi varlig1 haritalar1 disinda
cok genel haritalardir, Igdir bolimii veya Igdir ili i¢in belirlenen biiyiik toprak gruplari her haritada
farklilik gostermektedir. Yine bu haritalar il seviyesindeki caligsma ve arastirmalar icin yeterli degildir
ve saglikli bir sekilde alan ve oran hesaplamalar1 neredeyse imkansizdir. Bu giicliikler Cografi Bilgi
Sistemleri (CBS) ve Uzaktan Algilama (UA) tekniklerini kullanmayi zorunlu hale getirmistir.
Ozellikle sonradan il olan yerlesim yerlerinin kendine &zgii ve yeni smirlarina gére envantere sahip
olmasi ve bu ¢aligma konusu ile ilgili toprak haritalarinin ¢izilmesi, alansal ve oransal dagilimlarinin
hesaplanmasi en kisa siirede gerceklestirilmesi gerekli olan bir ddevdir. Bu ¢alismada s6z konusu
odevin bir kismi1 yerine getirilmeye ¢alisilmistir.

MATERYAL ve YONTEM
Materyal
Igdir ili cografi ozellikleri

Cografi koordinatlar1 yaklasik 39°-41° kuzey enlemleri ile 43°-45° dogu boylamlar1 arasinda ve
ylizolgiimii 3674.42 km? olan Igdir ili, Dogu Anadolu Bolgesi’nin en dogu ucunda Erzurum-Kars
Boliimii sinirlart iginde yer almaktadir. Kuzeyinde Ermenistan, dogusunda Nahcivan ve giineyinde
Iran olmak iizere iic iilke ile smir1 olan, diinyadaki ender sehirlerden biridir. Aras vadisi doguya dogru
Ermenistan ve Iran topraklari arasina ince bir dil seklinde uzanmistir.

Igdir ilinin orta, dogu ve kuzey kesimlerinde yer alan ova arazileri diiz ve diize yakin (0-2°)
egimli ve 109647 ha (%29.8) alan1 kaplamaktadir. Orta egimli (2-6°) araziler 88371.3 ha (%24.05)
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alana sahiptir. Igdir ilinin bati ve giiney kesimleri Perili, Tekelti, Kizilcaziyaret, Oyuklu, Pamuk,
Kogak, Aracik, Biiyilkk ve Kiigiik Agr1 daglar;; Arpa, Kuzkuzbabadagi, Karakaya tepeleri ile
cevrilmigtir. Bu yiikseltilerin etekleri yiiksek rakim degerlerine sahiptir ve sonug¢ olarak, egim
dereceleri yliksektir (>12°) ve 90167.8 ha (%24.54) alan1 kaplamaktadir.

Igdir, Dogu Anadolu tipi karasal iklime sahiptir ve farkli iklim siniflamalarina gore yar1 kurak,
kurak ve ¢ok kurak iklim 6zelligi gostermektedir (MGM, 2021). Tiirkiye Don Takvimine (Simsek ve
ark., 2017) gore Igdir ili 137-191 giin arasinda degisen vejetasyon dénemine sahiptir. Ilin yillik
ortalama sicakligr 12.1°C; yillik ortalama toprak sicakligt 5 cm derinlikte 15.3°C; 10 cm derinlikte
15.0°C; 20 cm derinlikte 14.8°C dir. Yillik ortalama yagis 256 mm, en yagisli mevsim ilkbahar ve en
yagislh ay mayis ayidir. Ortalama bagil nem %55.3 ve en nemli mevsim sonbahardir. Uzun yillar
ortalama riizgar degeri 1.3 m s’! ve riizgérlarin en kuvvetli oldugu donem mart-ekim arasindadir. Yillik
toplam buharlagma miktar1 1116.3 mm dir. Sekil 11, Igdir ili yer buldur haritasini gdstermektedir.

Sayisal Yiikseklik Modeli

| 5106

|l 788m

Sekil 11. I[gdir ili yer buldur haritas1
Figure 11. Location map of Igdir province

Yontem

Igdir ili ¢ok amach toprak haritasinin olusturulmasi

Sekil 3 olarak verilen ve Kars ili arazi varlig1 ¢alismalarindan ayrilarak cizilen Igdir iline ait
toprak haritasindaki (KHGM, 1998) okuma ve kullanim giicliikleri sebebiyle, ayni Olgekte
renklendirilerek yeniden hazirlanmis ve ilk defa yayinlandigi i¢in bulgular ve tartisma boliimiinde
sunulmustur (Sekil 12).

Ancak hazirlanan bu haritada, biiyiik toprak gruplarinin kapladigi alanlar1 hesaplamak hemen
hemen imkansiz olmasi sebebiyle KHGM tarafindan hazirlanan Kars ili arazi varlig1 paftalarindaki
Igdir ili smirlar1 sayisallastirilmis ve CBS ortamina aktarilmistir. CBS ortaminda haritadaki tiim
karakteristikler 6z nitelik tablosu seklinde veri tabanina donistiiriilmistiir.

Oz nitelik tablosu ve Toprak Reformu Genel Miidiirliigii tarafindan hazirlanmis 1/25.000 6lgekli
sayisal toprak verileri birlikte kullanilarak biiylik toprak gruplari, arazi kullanim kabiliyeti, problemli
arazileri kapsayan ¢ok amacli harita hazirlanmistir. Elde edilen harita ile ilgili, alan dagilimi ve yilizde
(oran) hesaplamalar1 ArcGIS Pro 2.5 yazilimu ile gerceklestirilmistir.
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BULGULAR ve TARTISMA

Kullanim kolaylig1 saglamak amaciyla, KHGM (1998) Igdir toprak haritasi (Sekil 7) esas
alinarak, yeniden renklendirilerek cizilen Igdir ili biiyiik toprak gruplar1 haritas1 Sekil 12’de
verilmigtir. Bu haritada Igdir ilinde yer alan biiyiik toprak gruplari ve arazi kullanim kabiliyet
smiflarina gore islemeli tarim yapilabilen I, II ve III. sinif tarim arazilerinin dagilimi yer almaktadir.

E

0 8 km
I—
Olgek:1/100 000
X R A AT
of A
CK
DK N
A I Ativyal toprakiar L [ Regosoller
B Il Kahverengi toprakiar X [__| Bazaltik toprakiar
C I Kestanerengi toprakiar CK [ Ciplak kaya ve molozlar B . derecede snemii
H [l Kahverengi orman toprakiarn DK [__| Daimi karla rtilii araziter W 2. derecede dnemli
K [ Koliyal topraklar 1Y B Irmak tagkin yataklar: {1 3. derecede dnemli

Sekil 12. Igdir ili biiyiik toprak gruplar haritasi
Figure 12. [gdir province major soil groups map

Bu calismada, Igdir iline ait belirlenen 7 adet biiyiik toprak grubunun dagilimi daha goriiniir hale
getirilmistir. Bunlar; aliivyal, kahverengi, kestane rengi, kahverengi orman, koliivyal, regosol ve
bazaltik topraklardir. islemeli tarrm yapilan (I, II ve IIL. smif) arazilerin biiyiik bir boliimii Igdir’in diiz
ve diize yakin egimli, orta, kuzey ve dogu bolgelerini kaplayan ova kesiminde yer almaktadir.

Bu harita konum olarak yeterli bilgi vermekle birlikte; koordinat bilgileri, alan dagilimlar1 ve
ylizde (oran) degerleri yoniinden faydali olmaktan uzaktir. Bu sebeple son toprak haritalama
caligmalarinda CBS yontemleri kullanilarak, Igdir ili i¢in ¢ok amagli toprak haritasi (Sekil 13)
olusturulmustur.

Bu haritalama ¢alismasinda arazi kullanim kabiliyet siniflar1 (I, II ve III. siif) ve problemli
alanlar (tuzluluk ve taglilik) oncelikli olarak yer almis ve daha sonra biiyiikk toprak gruplar
degerlendirilmistir.

Islemeli tarima uygun arazilerin ¢ok biiyiik bir boliimii diiz ve diize yakin egime sahip ova ve
Dilucu bolgesinde aliivyal topraklar olarak ve az bir kismi1 da Tuzluca ilgesi arazilerinde kahverengi
topraklar olarak yer almaktadir. Kuzeyden giineye dogru, ovadan daglik boélgeye c¢ikildigi zaman
sirastyla Once koliivyal ve sonra bazaltik topraklar karsimiza g¢ikmaktadir. Kuzeyde, Ermenistan
simirinda kahverengi ve regosol, giineyde Agr sinirinda kahverengi orman ve kestane rengi topraklar
digerlerine gore daha az alan kaplamaktadir.
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Sekil 13. Igdir ili cok amach toprak haritasi
Figure 13. Multi-purpose soil map of Igdir province

Cizelge 5’te ArcGIS Pro 2.5 yazilimi ile gergeklestirilen problemli alanlarin ve arazi kullanim
kabiliyet siniflarmin (I, II ve III. sinif) ylizol¢limii ve toplam il arazisine oranmi verilmistir. Cizelge 5
incelendiginde problemli arazilerin biiyiik bir bolimiinii taglilik (%50.44) ve daha az bir boliimiinii
cesitli derecelerdeki tuzluluk (%13.23) olusturdugu goriilmiistiir. Toplam problemli alanlarin toplam
araziye orant %66.95 gibi oldukga yiiksek bir oran olusturmaktadir. Bu durum basta islemeli tarim
olmak iizere her tiirlii tarimsal ¢aligmalar1 sinirlandirmaktadir.

Cizelge 5. Alan ve oran dagilimlart
Table 5. Area and ratio distributions

Problemler 5 Alan AKK 2 Alan

km % km %
Hafif tuzlu 131.25 3.57 I. Simf 251.50 6.84
Hafif tuzlu-alkali 114.80 3.12 I1. Smf 47.40 1.29
Tuzlu 8.07 0.22 1. Simif 329.10 8.96
Tuzlu-alkali 232.12 6.32
Toplam 486.24 13.23 Toplam 628.00 17.09
Diger Diger
Kayah 119.18 3.24 Yerlesim yerleri 39.65 1.08
Tash 1853.45 50.44 Akarsu 9.57 0.26
Yetersiz drenajh 1.42 0.04
Toplam 1974.05 53.64 Toplam 49.22 1.34
Toplam 2460.29 66.95 Toplam 677.22 18.43
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SONUC

Toprak haritalari, 6zellikle biiyiik Olgekli toprak haritalari bir bolge icin yapilacak tarim
planlamalar1 ve uygulamalar1 i¢in basat bir materyaldir. Detayli toprak haritalari, en saglikli ve en
verimli ¢aligmalarin yapilmasinda 6nemli bir role sahiptir. Bu haritalarin belli donemlerde yenilenmesi
degisim ve gelismeleri izlemek ve gerekli Onlemleri almak agisindan bir gereklilik, hatta bir
zorunluluktur. Tirkiye toprak haritalarindaki evrimin tipik bir 6rnegi olarak sunulan, Igdir toprak
haritalar1 iizerindeki gelisim ve degisim toprak haritalamasinin gerekliligi ve diizenli olarak
yenilenmesi i¢in iyi bir gosterge olmustur. Biiylik toprak gruplari, daha 6nceki ¢aligmalarda, 1, 3 ve 4
adet belirlenirken, 1998 yilinda sonuc¢landirilan, KHGM kapsamli toprak haritasi ¢alismasinda 7 adet
bliylik toprak grubu belirlenmistir. Igdir ili Dogu Anadolu Boélgesi igerisinde, ¢evresine gore mikro
klima 6zelligi gosteren bir ilimizdir. Pamuk ve diger endiistri bitkilerinin yetistirilebildigi bir ovaya
sahiptir. Tuzluluk ve taglilik, Igdir islemeli tarim arazilerini etkileyen ciddi bir problem olarak
karsimizda durmaktadir. S6z konusu problemler, alan olarak kiiclik olan Igdir ovasinin kullanim
kabiliyetini sinirlandirmakta ve islemeli tarimi ve verimi olumsuz yonde etkilemektedir. Tuzluluk
problemi alan olarak daha az ve miicadelesi, tasliliga gore daha kolay ve siirdiiriilebilir bir ¢calismadir.
Taslilik probleminin ¢dziimii, daha uzun zaman isteyen ve maliyeti daha yiiksek bir siirectir. Bu
ylizden kiiltiirel islemleri yavaslatmakta ve verimi sinirlandirmaktadir. Biiylik 6lgekli toprak
haritalarinin hazirlanmasi ve diizenli bir sekilde yenilenmesi sinirli ve artirilamayan toprak varligimiza
sahip ¢ikmak ve korumak acisindan ¢cok dnemli bir calisma oldugu hepimizin bildigi bir gergektir.

TESEKKUR

Bu c¢alismanin hazirlanmasinda katkilarmi esirgemeyen Ugur SIMSEK ve Siireyya Emre
DUMLU’ya ¢ok tesekkiir ederiz.
YAZAR KATKILARI

Miicahit KARAOGLU ve Erhan ERDEL ¢alismanin tiimiine ortak katki saglamislardur.

CIKAR CATISMASI

Yazarlar arasinda ¢ikar ¢atismast bulunmamaktadir.

KAYNAKLAR

Akbas, F., & Yildiz, H. (2004). Toprak 6zelliklerinin haritalanmasinda jeoistatistiksel tekniklerin Kullanilmasi.
3. Cografi Bilgi Sistemleri, 6-9 Ekim, Tiirkiye.

Atalay, 1. (2000). Tiirkiye cografyasi-1 (Fiziki). Inkilap kitabevi, 238 sayfa, Istanbul.

Atalay, I. (2006). Toprak olusumu, simflandirilmasi ve cografyasi. T. C. Cevre ve Orman Bakanhg,
Agaclandirma ve Erozyon Kontrolii Genel Midiirliigii Yayini, 584 sayfa, Ankara.

Bathgate, J.D., & Duram, L.A. (2003). A Geographic Information Systems Based Landscape Classification
Models to Enhance Soil Survey: A Southern Illionis Case Study. Jour. Of Soil and Water Cons., 58: 119-
127.

Dengiz, O., & Sarioglu, F.E. (2011). Samsun ilinin potansiyel tarim alanlariin genel dagilimlar1 ve toprak etiit
ve haritalama ¢aligmalarinin 6nemi. Anadolu Tarim Bilimleri Dergisi, 26(23): 241-250.

Karaoglu, M., & Celim, S. (2018a). Dogu Anadolu Bolgesi ve Igdir’in jeolojisi ve toprak 6zellikleri. Journal of
Agriculture, ISSN: 2636-8757, 1(1): 14-26, 1gdir.

Journal of Agriculture 2022; 5 (1) 39-56 https://dergipark.org.tr/tr/pub/ja 55




KARAOGLU ve ERDEL JOURNAL of AGRICULTURE

Karaoglu, M., & Yal¢in, A.M. (2018b). Toprak tuzlulugu ve Igdir ovasi 6rnegi. Journal of Agriculture, ISSN:
2636-8757, 1(1): 27-41, IGDIR.

KHGM, (1998). Kars ili arazi varligi. Koy Hizmetleri Genel Midiirliigii Yayinlari, 149 sf., Ankara.

MGM, (2021). iklim Smflandirmalari. T.C. Tarim ve Orman Bakanhigi, Meteoroloji Genel M.
(https://www.mgm.gov.tr/iklim/iklim-siniflandirmalari.aspx) Erisim tarihi: 27.04.2021.

Oakes, H. (1958). Tiirkiye topraklari (Tercime). Tiirk Yiiksek Ziraat Mithendisleri Birligi Nesriyati, Say1: 18,
224 sf., Ege Universitesi Matbaas1, izmir.

Orug, N. (1970). Igdir ovasi gorak topraklarinin bazi fiziksel ve kimyasal 6zellikleri. A. U. Yaymlar1 No: 80,
Ziraat Fakiiltesi Yayinlar1 No: 27, Arastirma Yayinlari No: 8, 56 sayfa. A. U. Basimevi, Erzurum.

Ozkalayci, G.O., Ozden, D.M., Keskin, S., & Bayat, M. (2001). Tiirkiye topraklar bilgi sistemi. 8. Tiirkiye
Harita Bilimsel ve Teknik Kurultay1, Harita ve Kadastro Miihendisleri Odasi, sayfa 266-270, Ankara.

Rogowski, A.S., & Wolf, J.K. (1994). Incorporating Variability into Soil Map Unit Delineations. Soil Science
Society of America Journal, 58(1):1338-1350.

Saygili, R. (2014). Tirkiye toprak haritasi. Cografya Harita, cografyaharita.com web sitesi.
http://cografyaharita.com/turkiye toprak haritalaril.html Erigim tarihi: 09.11.2021.

Simsek, O., Nadaroglu, Y., Yiicel, G., Yildirnm, M., & Erciyas, H. (2017). Don hadisesi ve Tiirkiye don
takvimi. Meteoroloji Genel Miidiirliigii Yayinlari, 177 sayfa, Ankara.

Tanrikulu, M. (2017). Tiirkiye’de toprak etiit-haritalama ¢aligmalar1 ve Harvey Oakes. Akademik Bakis Dergisi,
64: 664-678.

Topraksu, (1978). Tirkiye Arazi Varligi (Kullanma, siniflar, sorunlar). Kdyisleri ve Kooperatifler Bakanlig,
Topraksu Genel Miidiirliigli, Toprak Etiitleri ve Haritalama Daire Baskanligi. Baski: TOPRAKSU
Kartografya Miidiirliigii, Ankara.

Topraksu, (1982). Tiirkiye Toprak Potansiyeli Etiitleri ve Tarim Disi Amacgh Arazi Kullanimi Planlamalari
Projesi. TOPRAKSU Genel Miidiirliigii Toprak Etiitleri ve Haritalama Dairesi Bagkanligi, 77 sayfa,
Ankara.

Journal of Agriculture 2022; 5 (1) 39-56 https://dergipark.org.tr/tr/pub/ja 56




KORKMAZ ve ark. | DOI: 10.46876/j2.1048589

JOURNAL of AGRICULTURE

ARASTIRMA MAKALESI ISSN: 2636-8757

Potato virus S (PVS)-Bitlis izolatimn Kilhif Proteinin in silico Karakterizasyonu ve Konak
Proteini ile Docking Analizi

Giiliistan KORKMAZ' | Mustafa USTA' | Serap DEMIREL*

Ozet
IWan Yiiziincii Yil Patates virus S (PVS) diinya ¢apinda yaygin olan virlislerden biridir ve
Universitesi, Ziraat Fakilltesi, patates bitkilerinde genellikle orta diizeyde simptomlar olusturur. Viral
?gfﬁi}iomma Boliimd, Van, proteinlerin konakgilariyla etkilesimleri basarili bir enfeksiyon olusturmada

ve sistemik yayilmay1 saglamada olduk¢a 6nemlidir. Bu ¢alismada PVS’niin
*Van Yiiziincii Y1l Universitesi, Fen | ji]1f proteini (CP) ve patates bitkisi tarafindan kodlanan savunma sisteminde
Fakiiltesi, Molekiiler Biyoloji ve .. .. . ..
Genetik Boliimii, Van, Tiirkiye yer alan PSH-RGH6 proteini arasindaki interaksiyon homoloji modelleme ve
protein-protein docking yaklasimi kullanilarak arastirilmistir. PVS-Bitlis
Sorumlu Yazar

Serap DEMIREL, Yitziincii izolatimin CP geni gen spesifik primerler kullanilarak RT-PCR ile ¢ogaltild.

Y1l Universitesi, Fen Ilgili gen pGEM-T Easy vektdre klonland1 ve PVS-Bitlis CP genini tasiyan
Fakiiltesi, Molekiiler Biyoloji plazmid sekanslandi. Elde edilen sekansa ait amino ait dizisi kullanilarak I-
ve Genetik Boliimii, Van, ile h ot . . deli ol ldu. PSH-RGH6
Tiirkiye TASSER programi ile homolojiye ait protein modeli olusturuldu. -

Email: proteini i¢in Swiss-model programi kullanilarak proteine ait model
serapdemirel@yyu.edu.tr olusturuldu. Her iki proteine ait modeller arasinda interaksiyon Chimera 1.15
Bu calisma Giiliistan programinda AutoDock yaklasimi ile arastirildi. Docking sonucuna gore
Forklm?‘z’_m Doktora tezinden PVS-Bitlis CP ve PSH-RGH6 proteinleri arasinda interaksiyon varligi
uretilmistir.

belirlenmis olup bu interaksiyonun ayritili analizler ile dogrulanmasi
gerekmektedir.

Anahtar Kelimeler: PVS, patates, protein-protein interaksiyonu, docking

In Silico Characterization of Coat Protein of PVS-Bitlis Isolate and Docking Analysis with Host
Protein

Abstract

Potato virus S (PVS) is one of the common viruses worldwide and usually
produces moderate symptoms in potato plants. The interactions of viral
proteins with their hosts are very important in establishing a successful
infection and ensuring systemic spread. In this study, the interaction between
the PVS coat protein (CP) and the PSH-RGHG6 protein in the defense system
encoded by the potato plant was investigated using homology modeling and
protein-protein docking approach. The CP gene of the PVS-Bitlis isolate was
amplified by RT-PCR using gene-specific primers. The gene of interest was
cloned into the pPGEM-T Easy vector and the plasmid carrying the PVS-Bitlis
CP gene was sequenced. By using the amino subsequence of the obtained
sequence, I-TASSER program created a protein model based on homology.
For the PSH-RGH6 protein, a model of the protein was created using the
Swiss-model program. The interaction among both proteins was investigated
with the AutoDock approach in Chimera 1.15 program. According to the
docking results, the existence of interaction between PVS-Bitlis CP and PSH-
RGH6 proteins has been determined and this interaction needs to be
confirmed with further analysis.

Key words: PVS, potato, protein-protein interaction, docking
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GIRIS

Patates bitkisi yaklasik 37 bitki viriisii tarafindan enfekte edilmektedir (Valkonen, 2007). Potato
virus Y (PVY) ve Potato leaf roll virus (PLRV) diinya ¢apinda patetes bitkisini enfekte eden iki dnemli
viriis iken, Potato virus X (PVX), Patoto virus A (PVA), Alfalfa mosaic virus (AMV), Potota mop-top
virus (PMVT) ve Beet curly top virus (BCTV) gibi farkli familyadaki viriisler tarafindan da pateses
bitkileri enfekte edilmektedir (Kreuze ve ark., 2020). PVY, PLRV, PVS, ve AMV gibi bazi viriislerin
Tiirkiye’de patateslerde varligi farkli arastirmacilar tarafindan bildirilmistir (Yilmaz ve ark., 1990;
Topkaya, 2020; Bostan ve Haliloglu, 2004; Sertkaya ve ark., 2017). Betaflexiviridae familyasinin
Carlavirus cinsinin bir iiyesi olan Patates viriis S (Potato virus S: PVS) patates bitkilerini diinya
capinda enfekte eden yaygin virlislerden biridir (Gutiérrez ve ark., 2013). PVS tek basina patates
bitkisinde tuber boyutunda azalmalara neden olurken, sebep oldugu verim kaybi az olmasina ragmen
%20’lere kadar ulasabilmektedir (Loebenstein ve ark., 2001). PVS genellikle patates bitkilerinde orta
derecede simptomlara neden olurken bazen simptom gostermeksizin de patates bitkilerini latent
olarakta enfekte etmektedir (Lin ve ark., 2014). PVS patates bitkilerinde yapraklarda klorotik
beneklenme ve alt yaprak yiizeyinde burusukluga neden olurken, PVS’nin bazi izolatlar1 Petland
Javelin gibi duyarli patates cesitleri iizerinde ¢ok gii¢lii simptomlara neden olmaktadir (Salari ve ark.,
2011; Rose, 1983).

PVS 3’ ucunda bir poli A kuyrugu ve 5’ ucu bagliklt (cappped) yaklasik 8.5 kb’lik tek iplikli
pozitif-sens genomik RNA’ya sahiptir (Matousek ve ark., 2005). Genom 34 kDa’lik bir kilif proteini
(CP) ile kapsidlenmistir (Monis ve ark., 1987; Foster, 1992). PVS, Myzus persicae, Rhopalosiphum
padi, Aphis fabae ve A. nasturtii de dahil olmak iizere bir¢ok yaprak biti tiirii tarafindan kalic1 olmayan
(non-persistent) tarzda taginmaktadir (Jones, 1980). Ancak mekanik yollarla veya vejetatif iireme ile
etkili bir sekilde tagindig1 rapor edilmistir (Stevenson ve ark., 2001).

PVS’nin simdiye kadar PVS® (ordinary) ve PVS# (Andean) olmak iizere iki irki tanimlanmustir.
PVSO® Chenopodium tiirlerinde sistemik olmayan enfeksiyona neden olurken, PVSA ise sadece lokal
lezyonlar ile sistemik enfeksiyona yol agmaktadir (Foster ve Mills, 1992). Bu farklilik PVS
genomunda N-terminalde 7-kDa proteini kodlayan bolge, CP’nini kodlayan bolge (kilif proteini) ve 3°
ucunda 11-kDa’luk proteini kodlayan bolgedeki baz degisimlerinden kaynaklanmaktadir (Cox ve
Jones, 2010).

Bitkiler, patojen tiirevli efektorlerin taninmasi iizerine konakg¢iya 6zgii savunma tepkilerini
tetikleyen, dayaniklilik (R) genleri tarafindan kodlanan hiicre dist ve hiicre i¢i bagisiklik
reseptorlerinden olusan hiicre otonom ¢ok katmanli bir bagisiklik sistemi gelistirmistir (Dodds ve
Rathjen, 2010). Bilinen R genlerinin ¢ogu patojenin direkt ya da indirekt olarak taninmasindan
sorumlu niikleotit baglanma dizisi (nucleotide-binding site; NB), ldsince zengin tekrar domaini
(leucine-rich-repeat domain; LRR) ve sarmal bobin domaini (coiled-coil domain) i¢eren hiicre i¢i NB-
LRR reseptorlerini kodlamaktadir (DeYoung ve Innes, 2006). Gpa2 ve Rxl patatesin ayn1 R gen
kiimesinde yer alan CC-NB-LRR’ye oldukc¢a benzer iki gendir (Slootweg ve ark., 2017). Rx1 geninin
Potato virus X (PVX)’e kars1 dayaniklilik sagladigi farkli arastirmacilar tarafindan bildirilmistir
(Bendahmane ve ark., 1999; Van Der Vossen ve ark., 2000).

Son yillarda gelisen teknoloji ile birlikte viriis ve bitki arasindaki rakabetin molekiiler diizeyde
anlasilmasi virlislere dayanikli bitkilerin gelistirilmesi i¢in bitki 1slah programlarina yeni stratejilerin
kazandirilmasina olanak saglamistir (Akhter ve ark., 2021). Bir¢ok arastirma viriis tarafindan kodlanan
proteinler ile konuk¢u bitki tarafindan kodlanan proteinler arasindaki etkilesimin konukcu
dayanikliligini arttirdigini ortaya koymustur (Maiti ve ark., 2012; Uchiyama ve ark., 2014; Koeda ve
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ark., 2021). Bilgisayar tabanli teknoloji ile birlikte biyoinformatik yaklasimlari igerisine alan in silico
analizler bircok organizmaya ait niikleotit veya protein sekans verilerinin kullanimima olanak
saglayarak genlerin fonksiyonlarinin anlasilmasina, yeni genlerin ortaya ¢ikarilmasina ya da molekiiler
arasi etkilesimin belirlenmesine olanak saglamaktadir (Demirel, 2021). Farkli arastirmacilar ¢esitli
viriislerin kilif proteini ile R genleri arasindaki etkilesim sayesinde bitkide patojene karst dayaniklilik
saglandigini ortaya koymustur. Bu ¢aligmada patates bitkisini dogal olarak enfekte eden PVS’nin kilif
proteini ve konukc¢usu oldugu patetes bitkisi tarafindan kodlanan Rx1/Gpa2 resistance-like protein
grubundan olan PSH-RGH6 direng proteini arasindaki etkilesim arastirilmis olup, PVS’nin kilif
proteinine ait bazi biyoinformatik analizler gergeklestirilmistir.

MATERYAL ve METOT
Bitki materyali ve Total RNA ekstraksiyonu

Tiirkiye’nin Bitlis ili Ahlat ilgesinden virlis simptomu gosteren ve gOstermeyen patates
bitkilerinin yapraklar1 toplanarak soguk zincir igerisinde Van Yiiziincii Yil Universitesi, Ziraat
Fakiiltesi, Bitki Koruma Boliimii Viroloji laboratuvarina getirilerek kullanilincaya kadar -20 °C’de
muhafaza edilmistir. Yapraklardan total RNA izolasyonu Foissac ve ark. (2001) tarafindan gelistirilen
silika temelli metoda gore gerceklestirilmistir.

PVS kilif protein (CP) geninin ¢ogaltilmasi ve klonlanmasi

cDNA sentezi daha once elde edilen total RNA kullanilarak ticari kit prosediiriine gore
gerceklestirildi (RevertAid First Strand cDNA kit, Vilnius, Thermo-Fermantas). Gen spesifik PVS-CP
F-5’CCTTTAGGTTCACAGGTAA-3" ve PVS-CP R-5’TCATTGGTTGATCGCATT-3" primerler,
PVS CP geninin ¢ogaltilmasi i¢in kullanildi. PCR reaksiyonu toplam 50 pl hacimde gerceklestirildi; 1
ul Forward primer, 1 pl Revers primer, 5 pl 10X reaksiyon buffer, 1 pl dNTPs (10 mM), 4 ul MgClo,
3 ul cDNA, 0.5 Thermo Taq DNA polimeraz ve 34.5 pl niikleaz igermeyen ddH>O. PCR reaksiyonu
dongii kosullar1 sirastyla; 1 dongii 94 °C’de 2 dk 6n denaturasyon ile baslayarak 35 dongii 94 °C’de 30
sn denaturasyon, 55 °C’de 30 sn baglanma, 72 °C’de 30 sn uzama olacak sekilde ve son olarak 1
dongii 72 °C’de uzama seklinde gergeklestirildi. Reaksiyon sonunda PCR firiinleri %1°lik (w/v) agaroz
jel elektroforezinde kosturuldu ve beklenen bant uzunlugu jelden kesilerek Genelet agaroz jel
ektraksiyon kiti ile saflagtirildi (Kat. No: K0691, Thermo). Saflagtirilan DNA parcalar1 pGEM-T Easy
vektore tretici firmanin belirttigi sekilde klonlandi. Klonlama sonrasinda olusan kolonilerden mavi-
beyaz seleksiyona dayali olarak rekombinant oldugu varsayilan bakteri klonileri segilerek Genelet
Plasmid Miniprep ticari kite (Thermo Scientific, USA) gore plazmidler saflastildi. Secilen
plazmidlerde genin varligi gen spesifik primerler ile dogrulandi. (Sekil 1). Plazmidler ticari bir firma
araciligiyla yeni nesil sekanslama (NGS) ile dizilendi (Sentebiolab, Ankara).

In silico Analizler ve Protein-Protein Docking

Bitlis-PVS CP niikleotit sekansi ile EXPASY (Expert Protein Analysis System) araci
(https://web.expasy.org/translate/) kullanilarak amino asit sekansi elde edildi. CP niikleotid sekansi
kullanilarak NCBI web sitesinde BLASTn’de (https://blast.ncbi.nlm.nih.gov/Blast.cgi) analiz edildi.
Bitlis-PVS CP’ye ait amino asit sekansi, COBALT cevirim i¢i program’da NCBI veri bankasindan
elde edilen patates bitkisini enfekte eden bazit PVX, PVY, PVA, PVS ve PLRV izolatlarinin CP
sekanst  coklu  sekans  hizalama  (Multiple  sequence  alignment) ile  hizalandi
(https://www.ncbi.nlm.nih.gov/tools/cobalt/re_cobalt.cgi) ve Prosite’da (https://prosite.expasy.org/)

protein motifi arastirildi.  Bitlis-PVS  CP‘nin  kimyasal kompoziyonu ProtPatram programi
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(https://web.expasy.org/protparam/) kullanilarak analiz edildi. Bitlis-PVS CP’nin protein homoloji
modellemesi I-TASSER araci (https://zhanggroup.org/I-TASSER/) kullanilarak sekans homolojisine
dayali olarak model olusturuldu. Swiss-model (https://swissmodel.expasy.org/) aract kullanilarak
patatese ait NCBI’dan elde edilen “ABY61745.1° kodlu resistance protein PSH-RGH®6 i¢in de model
gelistirildi. Gelistirilen modellerin pdb dosyast Rasmol programi
(http://www.openrasmol.org/doc/rasmol.html) kullanilarak olusturuldu. Bitlis-PVS CP ve PSH-RGH6
proteinine ait pdb. uzantili dosyalar ile Chimera 1.15 programi kullanilarak protein-protein
interaksiyonlar1 belirlenmeye ¢aligildi.

BULGULAR ve TARTISMA

Bitlis’den toplanan PVS izolatinin RT-PCR sonucunda CP genine ait yaklagitk 885 bp
uzunlugunda DNA bandi elde edildi ve klonlandi. Klonlama sonrasi rekombinant plazmidler gen
spesifik primerler ile insortii igermesi bakimindan PCR ile dogrulandi ve sekanslandi. (Sekil 1).

M

PGEM-T Easy vektor

- e e - -
885 bp PVS-Bitlis694 CP

Sekil 1. PVS-Bitlis 694 izolatinin kilif proteini genine ait PCR sonrasi1 agaroz jel elektroforez goriintiisii
Figure 1. Agarose gel electrophoresis image of coat protein gene of PVS-Bitlis 694 isolate after PCR

Blastin sonucuna goére Bitlis PVS izolati Cin’den PVS izolati (KU896945.1) ile %98.76
maksimum benzerlik gosterirken, Tanzanya’dan PVS izolati (KC866620.1) ile %95.70 minimum
benzerlik gostermistir (Cizelge 1). Bitlis PVS izolatinin kilif protein genine ait niikleotit sekans1t NCBI
veri tabanina Potato virus S Bitlis 694 izolat adi altinda MZ543312 erisim numarasi ile girilmistir
(Sekil 2).

ATGCCGCCCAAACCGGATCCGACAAGCTCAGGAGAGACACCACAAACTGTGCCGCTTGCGCCGCCGCCCAGG
AATGTAGAGGAGCATAGAGCTGGCCCAAATCAAGGGCACGGGCAGAATGAAGAGGCTATGCTGGAGCAGAG
GCTCATCAGATTGATTGAACTCATGGCCTCGAAAAGGCACAATTCAACATTGAGCAACATCTCTTTTGAGATAG
GTAGGCCCTCACTTGAGCCGACCCCTGAAATGCGGAGGAATCCGGAGAACCCATACTCGCGGTTTTCAATAGA
TGAGCTGTTCAAGATGGAGATCCGATCTGTGTCCAACAACATGGCGAACACCGAGCAAATGGCACAGATCACT
GCTGACATCGCTGGACTTGGGGTCCCCACTGAACATGTTGCAGGGGTCATACTGAAAGTGGTGATCATGTGCG
CAAGCGTGAGTAGTTCGGTTTATCTAGATCCAGCAGGGACTGTGGAGTTCCCAACGGGCGCAGTGCCCTTGGA
CTCGATCATTGCAATTATGAAGAATCGCGCGGGATTGAGGAAAGTGTGCAGGCTGTATGCTCCGGTCGTGTGG
AATTACATGCTAGTCCAGAATAGGCCACCTTCGGATTGGCAGGCTATGGGATTCCAATGGAATGCACGCTTCG
CCGCATTTGACACATTCGATTATGTGACTAATGGAGCTGCAATCCAGCCCGTAGAGGGGCTCATACGTAGGCC
CACACCTGAGGAAACAATAGCTCACAATGCCCACAAGAGTATGGCAATTGACAAGTCGAACAGAAATGAGCG
ATTGGCCAACACTAATGTTGAGTACACTGGAGGGATGCTTGGCGCTGAGATTGTGCGCAATCACCGTAATGCG
ATCAACCAATGA
Sekil 2. PVS-Bitlis 694 izolatinin CP geninin niikleotit sekans1

Figure 2. Nucleotide sequence of the CP gene of PVS-Bitlis 694 isolate
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Potexvirus’lerde ve Carlavirus’lerde kalif protainini kodlayan bolgede
(R/K)FA(G/A)FDXFXXVXXXAA motifi olduk¢a korunmustur (Abouhaidar ve Lai, 1989; Rupazov
ve ark., 1989). Protein hizalama ve Prosite sonuglari bu motifin NCBI’dan alinan bazi PVS izolatlar

ve bu caligmada karakterize ettigimiz PVS-Bitlis izolatinda da korundugunu ortaya koymustur (Sekil
3).

PVS (AUR45184.1) MPPKPDPTSSGEIPQAVPLAPPPRNVEE  HRVGPSQGHGQNEEAMLEQRLIRLIELMASKRHNSTLSNISFEIG 73
PVS (QNQ79391.1) MPPKPDPTSSGETPQAPPLVPPPRNVEE = HRVGPSQGHGPNEEAMLEQRLIRLIELMASKRHNSTLSNISFEIG 156
PVS (QTZ21729.1) MPPKPDPTSSGETPQATPLVPPPRNVEE  HRVGPSEGPRQNEEAMLEQRLIRLIELMASKRHNSTLSNISFEIG 73
PVS (QTZ21728.1) MPPKPDPTSSGETPQAIPLVPPPRNVEE  HRVGPNEGPRQNEETMLEQRLIRLIELMASKRHNSTLSNISFEIG 73
PVS-Bitlis MPPKPDPTSSGETPQTVPLAPPPRNVEE =~ HRAGPNQGHGQNEEAMLEQRLIRLIELMASKRHNSTLSNISFEIG 73

PVX (QTZ21735.1)  ====== === mmmmmmmmmmmmommmos o oeeoooooooooo-- GSTTSTTTKTAG 12

PVX(Q85249)  =-ocomommmomccomoiiiiiies e MTTPASTTQAAGSTTSTNTATAG 23
PVY (@99026_9POTV)-===================--=----- [2]DTIDAGGSTKKDAKQEQGSIQPNLNNG- - -KEKDVNVGTSGTHTV 44
PLRV (CAA32106.1) -===-===========-=------- MST[5]NVNGGVQQPRRRRRQSLRRRANRVQPVVMVTASGQPRRRRRRRGG 53

PVA (CAA63031.1) LYTNVHPTSTELEKYSIQFDEQMDEEDD[6]ETLDASEALAQKSEGRKKEGESNSSKAVAVKDKDVDLGTAGTHSV 82
PVS (AUR45184.1) RPSLEPTPEMRRNPENPYSRFSI-DELFKMEIRSV--SNNMANTEQMAQ-ITADIAGLGVPTEHVAGVILKVVIMCASVS 149

PVS (QNQ79391.1) RPSLEPTPEMRRNPENPYSRFSI-DELFKMEIRSV--SNNMANTEQMAQ- ITADIAGLGVPTEHVAGVILKVVIMCASVS 232
PVS (QTZ21729.1)  RPSLEPTPEMRRNPENPYSRFSI-DELFKMEIRSV- - SNNMANTEQMAQ- ITADIAGLGVPTEHVAGVILKVVIMCASVS 149
PVS (QTZ21728.1)  RPSLEPTPEMRRNPENPYSRFSI-DELFKMEIRSV--SNNMANTEQMAQ- ITADIAGLGVPTEHVAGVILKVVIMCASVS 149
PVS-Bitlis RPSLEPTPEMRRNPENPYSRFSI-DELFKMEIRSV- - SNNMANTEQMAQ- ITADIAGLGVPTEHVAGVILKVVIMCASVS 149
PVX (QTZ21735.)  ATPAT----------- ASGLFTIpDGDFFSTARAIVASNAVATNEDLSK- IEATWKDMKVPTDTMAQAAWDLVRHCADVG 80
PVX (Q85249)  ATPATISTTAGATSAQASGLFTVPDGDFFSTAKAVVASNAVATNEDLTK- IQEIWKDMKVPSDTMAQAAWDLVRHCADVG 102
PVY (@99026_9POTV) pRIKAITSKMRMPKSKGAAVLNL -KHLLEYAPQQIDISNTRATQSQFDTWYEAVQLAYDIGETEMPTVMNGLMVWCIENG 123
PLRV (CAA32106.1)  NRRSRRTGVPRGRGSSETFVFTK-DNLMGNSQGSFTFGPSLSDCPAFKD- - - - - -~ GILKAYHEYKITSILLQFVSEA 123
PVA (CAA630311)  PRLKSMTSKLTLPMLKGKSVVNL -DHLLSYKPKQVDLSNARATHEQFQNWYDGVMASYELEESSMEIILNGFMVRCIENG 161

PVS (AUR45184.1)  SSVYLDPAGTVEFPTGAVPLDSIIAIMKNRAGLRKVCRLYAPVVWNYMLVQNRPPSDWQAMGFQWNARE - 223
PVS (QNQ79391.1) SSVYLDPAGTVEFPTGAVPLDSIIAIMKNRAGLRKVCRLYAPVVWNYMLVQNRPPSDWQAMGFQWNARE - 306
PVS (QTZ21729.1)  SSVYLDPAGTVEFPTGAVPLDSIIAIMKNRAGLRKVCRLYAPVVWNYMLVQNRPPSDWQAMGFQWNAR - 223
PVS (QTZ21728.1)  SSVYLDPAGTVEFPTGAVPLDSIIAIMKNRAGLRKVCRLYAPVVWNYMLVQNRPPSDWQAMGFQWNARY - 223
PVS-Bitlis SSVYLDPAGTVEFPTGAVPLDSIIAIMKNRAGLRKVCRLYAPVVWNYMLVQNRPPSDWQAMGFQWNARE - 223
PVX (QTZ21735.1)  SSAQTEMIDTGPYSNG-ISRARLAAAIKEVCTLRQFCMKYAPVVIWNWMLTNNSPPANWQAQGFKPEHK - - 153
PVX (085249)  SSAQTEMIGTGPYSNG-VSRARLAAAIKEVCTLRQFCKKYAPVVWNWML TNNSPPASWQAQGFKPEHK - - 175
PVY (Q99026_9POTV) TSPNINGVWVMMDGDEQVEYPLKPIVENAKPTLRQIMAHFSDVAEAYIEMRNKKEPYMPRYGLVRNlngs A 202

PLRV (CAA32106.1) SSTSSGSIAYELDPHC--KVSSLQSYVNKFQITKGGAKTYQARMINGVEWHDSSEDQCRIL-WKGNGK---SSdta--GS 195
PVA (CAA630317) TSPDINGVWTMMDNEEQVSYPLKPMLDHAKPSLRQIMRHFSALAEAYIEMRSREKPYMPRCGLQRNURNqs A} ryAFDF 240

PVS (AUR45184.)  [Ebyifrn QPVEGLIRRPTPEETIAHNAHKSMAIDKSN-RNERLANTNVEYTGGMLGAEIVRNHRNAINQ- 294
PVS (ANQ793911) |Fhy\viTN QPVEGLIRRPTPEETIAHNAHKSMAIDKSN-RNERLANTNVEYTGGMLGAEIVRNHRNAINQ- 377
PVS (QTZ21729.1)  |ebyMrn QPVEGLIRRPTPEETIAHNAHKSMAIDKSN-RNERLANTNVEYTGGMLGAEIVRNHRNAINQ- 294
PVS (QTZ21728.1)  |Fpy\TN QPVEGLIRRPTPEETIAHNAHKSMAIDKSN-RNERLANTNVEYTGGMLGAEIVRNHRNAINQ- 294
PVS-Bitlis FDYMITN QPVEGLIRRPTPEETIAHNAHKSMAIDKSN-RNERLANTNVEYTGGMLGAEIVRNHRNAINQ- 294
PVX (QTZ21735.1)  |FhGVTN MPKEGLIRPPSEAEMN == === === == === = o s oo o e e e e e 179
PVX (Q85249)  |ebavirn MPKEGLMRPPSEAEMNAAQTAAFVKITKARaQSSDFASLDAAVTRGRITGTTVAEAVVTLPPp 248
PVY (@99026_9POTV) YE-\MTSRTPVRAREAHIQMKAAALKSAQSRLFGLDGGISTGEENTERHTTEDVSPSMHTLLGVKNM- - - - - -~ 267
PLRV (CAA32106.1) [FRVTIRVR]LQNPK == === === = === = m o e o e oo 208
PVA (CAA63031.1)  YE-ITATTPIRAKEAHLQMKAAALKNSNTNMFGLDGNVTTsEEDTERHTATDVNRNMHHLLGVKGV------- 305

Sekil 3. Cobalt ¢oklu protein sekans hizalama (Mavi ¢izgili kutucuklar Potexvirus ve Carlaviruslerde kilif
proteinine ait motif dizisini gostermektedir)
Figure 3. Cobalt multiprotein sequence alignment (Boxes with blue lines indicate the motif sequence of the coat
protein in Potexvirus and Carlaviruses)
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Cizelge 1. Bitlis PVS izolat1 ile diger izolatlar arasindaki Blast sonucu
Table 1. Blast result between Bitlis PVS isolate and other isolates

Ornek

Na Erisim Numarasi Konak Ulke Sorgulama Kapsam Benzerlik
1 MZ543312 Patates Tiirkiye referans referans
2 KU896945 Patates Cin %100 %98.76
3 FJ813512.1 Patates Amerika Birlesik Devlatleri %100 %98.08
4 LC511874.1 Patates Rusya %100 %97.85
5 LC511880.1 Patates Rusya %100 %97.74
6 MNO966671.1 Patates Kanada %100 %97.74
7 JX183950.1 Patates Amerika Birlesik Devlatleri %100 %97.63
8 HG518649.1 Patates Macaristan %100 %97.51
9 AB451180.2 Patates Japonya %100 %97.40
10 LN794161.1 Patates Macaristan %100 %97.29
11 GU144325.1 Patates Birlesik Kirallik %100 %96.84
12 MF773981.1 Kizilbacak  Iran %100 %96.61
13 LC513152.1 Patates Rusya %100 %96.27
14 MF773980.1 Kazayagi fran %99 %96.15
15 MF418030.1 Patates Hollanda %100 %96.05
16 MK442089.1 Patates Kazakistan %100 %95.93
17 MN689451.1 Patates Kenya %100 %95.93
18 GU319954.1 Patates Avustralya %100 %95.93
19 MN689450.1 Patates Kenya %100 %95.82
20 KY523839.1 Patates fran %100 %95.71
22 MN689463.1 Patates Kenya %100 %95.71
23 KC866620.1 Patates Tanzanya %99 %95.70

Cobalt hizalama sonucu patates bitkisini enfekte eden Potexvirus ve Carlavirus cinsine ait
viriislerde amino asit sekanslart N-terminal ve C-terminal bolgede farkliliklar gosterse de ¢ogunlukla
korunmus oldugunu ortaya koymustur. Mackenzie ve ark. (1989) Potexviruslerde kilif protein
sekansinin merkezi kisminin yiiksek homolojiye sahip oldugunu belirtmistir. PVS-Bitlis izolatinin 150.
amino asitinden baslayan ve 223. amino asit sekansina kadar olan bolge Potyviruslerden olan PVY ve
PVA ile Poleroviruslerden olan PLRV viruslerinde de biiylik oranda homoloji gostermektedir. PVS-
Bitlis izolatinin kilif proteini ProtParam’a gore kimyasal kompozisyonu ele alindiginda 294 amino ait
icermektedir. Toplam negatif (Asp + Glu) ve pozitif yiiklii (Arg + Lys) residue sirasiyla 31 ve 29 dur.
PVS-Bitlis CP’nin teorik izoelektrik noktast (pl) ve toplam atom sayist siratyla 6.40 ve 4547 olarak
hesaplanmistir (Cizelge 2). PVS-Bitlis izolatinin CP sekansi ¢ogunlukla alanin (%9.2), prolin (%8.5),
asparajin (%?7.8), glutamik asit (%7.5) ve arjinin (%7.1) amino asitlerinden olusmaktadir.
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Cizelge 2. PVS-Bitlis izolatina ait CP proteininin tahmin edilen fizyolojik ve kimyasal parametereleri
Table 2. Predicted physiological and chemical parameters of CP protein of PV S-Bitlis isolate

Fizyolojik ve kimyasal parametreler Deger
Amino asit say1st 294
Molekiiler agirligi 32579.03
Teoriksel pl 6.40
Negatif yiiklii residue’lerin toplam sayist (Asp + Glu) 31
Pozitif yiiklii residue’lerin toplam say1s1 (Arg + Lys) 29
Yok olma katsayist: 0.785, tiim Cys kalintilarinin azaldig1 varsayild:
Instabilite indeksi 50.89 (Bu deger proteini kararsiz olarak nitelendirmekte)
Alifatik indeks: 77.99
Hidropatisite (Grand average of hydropathicity; GRAVY) -0.411
Toplam atom say1s1 4547

I-TASSER’de sekans homolojisine dayali model olusturmada kullanilan kaliplar (templates) ve
ozellikleri Cizelge 3’de verilmistir. -TASSER’debu kaliplara dayali olarak model olusturmustur.
PVS-Bitlis CP’nin homoloji modellemesinde program tarafindan tahmin edilen 5 modelden en yiiksek
C-skor ve TM-skor degerlerine sahip model ele alinmistir. -2.72 C-skor ve 0.40+0.14 TM-skor
degerlerine sahip model-1 secilerek Rasmol programinda pdb. uzantili dosya olusturulduktan sonra
Chimera 1.15 programinda protein yapist gorsellestirilmistir (Sekil 4). PSH-RGH6 proteini i¢in Swiss-
model programinda olusturulan modeller arasinda GMQE degeri en yiiksek olan model secilerek pdb.
uzantili dosyasi elde edilmistir. Olusturulan modeller arasinda model-1 0.53 ile en yiiksek GMQE
degerine sahiptir. Se¢ilen bu model kodu 6j5t.1C olan hastalik direnci iligkili protein 4 (disease
resistance RPP13-like protein 4) isimli kalip kullanilarak olusturulmustur. Rx1/Gpa2 dayaniklilik
benzeri protein grubundan PSH-RGHG6 proteinine ait pdb. uzantili dosya Chimera 1.15 programu ile
gorsellestirilmistir (Sekil 5).

Sekil 4. PVS-Bitlis CP’ye ait sekans homolojisine bagli olarak olusturulan 3D protein yapisi; A: Ribbon
diyagramina dayali gosterim, B: Hidrofobik ylizeye bagl gdsterim
Figure 4. 3D protein structure created depending on the sequence homology of PVS-Bitlis CP; A: Ribbon
diagram based representation, B: Hydrophobic surface dependent representation
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Sekil 5. PSH-RGH6 (ABY61745.1) proteininin sekans homolojisine dayali olarak olusturulan 3D protein
yapist; A: Ribbon diagramina dayali gésterim, B: Hidrofobik ylizeye bagh gosterim

Figure 5. 3D protein structure created based on the sequence homology of the PSH-RGH6 (ABY61745.1)
protein; A: Ribbon diagram based representation, B: Based on hydrophobic surface

Son zamanlarda gelistirilen bilgisayar tabanli araglar molekiiller arasinda interaksiyonun
aragtirtlmasinda yaygin olarak kullanilmaktadir. Docking yaklasimi protein-protein, ligand-reseptdr,
hormon-reseptor gibi molekiiller arasindaki interaksiyonu agiga c¢ikarmaktadir. Mevcut calismada
Chimera 1.15 programi kullanilarak PV S-Bitlis CP ve PSH-RGHG6 proteinleri arasinda bir interaksiyon
olup olmadigi AutoDock ile arastirilmistir. Sekil 6 ‘da her iki proteine ait docking sonucu
gosterilmigtir.

Sekil 6. PVS-Bitlis CP ve PSH-RGHG6 proteinlerinin Docking sonucunun 3D goriintiisii
Figure 6. 3D image of Docking result of PVS-Bitlis CP and PSH-RGHG6 proteins

Bitki ve bitkiyi enfekte eden viriisler arasinda molekiiler diizeyde interaksiyonun ortaya
cikarilmast adina calismalar litaratlirde sinirlt sayidadir. Rashid ve ark. (2020) Sesbania mosaic virus
(SeMV)’in kilif proteini konukgusu oldugu bitkilerde interaksiyonu in silico olarak aragtirmistir.
Caligmada viral enfeksiyonun erken asamasinda viriisiin CP proteini ile lektin proteinin yliksek oranda
interaksiyon gosterdigi rapor edilmistir. Amirnia ve ark. (2016) domatesi enfekte eden Beet curly top
Iran virus’iniin genomu ve domateste bulunan microRNAlar arasindaki interaksiyonu calismis olup,
mir319, mir1919 ve mir159’un viriistin genomu ya da transkriptlerini hedef alabilecegini in silico
olarak gostermiglerdir. SnRK1 proteini ve Begomoviriisler tarafindan kodlanan BCI1 proteini
arasindaki interaksiyonun bitki dayanakliginda, viriisiin enfeksiyon dongiisiinde ve begomoviriislerin
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tasiniminda rol oynadigi rapor edilmistir (Mandadi ve ark., 2013; Rizvi ve ark., 2014). Nova ve
Jamsari (2019), docking yaklasimi ile Pepper yellow leaf curl virus (PepYLCV-BCI) ve pepper-
SnRK1 proteini arasinda interaksiyonun mevcut oldugunu gostermistir. Bu ¢alismada da docking
sonucuna gore PVS-Bitlis CP ve PSH-RGH6 proteini arasinda interaksiyonun mevcut oldugu
goriilmektedir.

SONUC

Rx1/Gpa2 direng¢ protein benzeri olan PSH-RGH6 proteini farkli amino asit dizileri arasinda
farklt domainleri igermektedir. 2-115 amino asit bolgesi PVX dayanikliligindan sorumlu coiled-coil
domainini kodlarken, 143-240 amino asit bolgesi ATPase domainini ve 150-422 amino asit bolgesi
NB-ARC domainini kodlamaktadir. 729-744,754-778, 779-801 ve 802-825 amino asit bolgeleri
proteinin leucine-rich repeat yapisal motif bolgesini olusturmaktadir. Caligmada iki protein arasinda
etkilesim oldugu gosterilmis olup, PSH-RGH6 ve PVS-Bitlis CP arasindaki baglanma noktalarinin
ayrintilt olarak karakterize edilmesi gerekmektedir. Bu calismadan elde edilen bulgular konukcu ve
viriis arasinda molekiiler diizeyde etkilesimin anlasilmasinda ve dayanikli bitkilerin gelistirilmesinde
kullanilan genlerin manipiilasyonuna olanak saglayan CRISPR/cas teknolojisi i¢in bilgi saglayabilir.

YAZAR KATKILARI

Yazarlarin her biri makaleye esit olarak katki saglamiglardir.

CIKAR CATISMASI

Yazarlar arasinda ¢ikar ¢atigmast bulunmamaktadir.
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INTRODUCTION

Ramazan GURBUZ?

Abstract

This study was carried out in [gdir University Sehit Biilent Yurtseven Campus
to investigate the effects of different mulch materials on weed control,
cucumber yield and soil temperature and moisture in cucumber (Cucumis
sativus L.) cultivation in 2020 and 2021. Five mulch materials (Linen cover,
peat, chopped paper, straw and fresh clipping grass) were used in the study.
Temperature and humidity data loggers were used in the study. The research
was established in a randomized complete block design with 7 characters and
4 replications. In the both years of the study, the effects of mulch applications
on weed dry weights and cucumber yield and some yield components were
determined. As a result of the study, a total of 12 weed species belonging to 7
families were determined in the trial area. Accordingly, the effects of mulching
on weed dry weight and cucumber yield were significant for both years
(»<0.01). The findings of the current study revealed that the effects of mulch
applications on weed control, the lowest weed dry weights in both years were
in Linen (0.00 g/m?) mulch plots that control weeds 100%, the highest weed
dry weights were in weed control parcels in the first year were 285,25 g/m*and
248,14 g/m’ in the second year. Also, the highest cucumber yield was obtained
as 4.685 kg/da in the first year and 4.520 kg/da in the second year in both years
in the linen plots, whilst the lowest cucumber yield was obtained in weed
control plots in both years. Considering temperature and humidity, the highest
values were noted in linen covered plots.

Key words: Mulching, grass clippings, weed management, linen, straw

Cucumber (Cucumis sativus L.) is of the oldest crops dating back to 3000 years ago in India. It

spread eastward to China and westward to Europe approximately 2,000, and 700-1500 years ago,
respectively (Weng, 2021). Cucumber, due to their nutritional and health properties, have been widely
assayed for better cultivation and yield in many regons of the world, in general and in Tiirkiye, in
particular. With its excellent low calories corresponding to 12 calories per 100 g; it is preferred in diet
programs and its alkaline structure eliminates the acidity of animal foods in humans. In addition, it also
contributes to cardiovascular diseases. As well known, its water content is over 90% but the relevant
fruit is very rich in vitamins, enzymes and minerals amoung other vegetables. In 100 g of fruit, 45 U of
vitamin A, 0.03 mg of vitamin B1, 0.02 mg of vitamin B2, 0.3 mg of Niacin, 12 mg of vitamin C, 12 mg
of calcium, 0.3 mg of iron, 15 mg of magnesium and 24 mg of phosphorus (Sevgican 1989).

Cucumber is produced in many countries of the world. Cucumber was planted on an area of 2
261,318 ha in the world in 2020, and 91 258.272 tons of cucumber were produced. In addition, the Asian
continent ranks first with 89% of the highest cucumber production in 2020. Asia is followed by Europe
(7%), America (2%) and Africa (2%), respectively. The highest cucumber production in the world in
2020 is China with 73 million tons, Tiirkiye is the second with 19 million tons and Russia is the third
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with 1.6 million tons (FAO, 2022). There is a total of 335 thousand hectares of cucumber cultivation
area in Tiirkiye in 2021, and 1.9 million tons of cucumbers were produced (TUIK, 2022).

With the rapid increase in the world's population, the need for agricultural products is increasing.
To meet the nutritional needs, it is necessary to increase plant production. Since there is no possibility
of expanding agricultural production areas, the only way to increase production is to increase
productivity (Demirbas and Atig, 2005). However, there are factors that reduce crop productivity and
quality in agricultural areas, and weeds are the leading factor among them (Swinton and Van Deynze
2017).

Weeds not only reduce crop yield, but also seriously damage crop quality (Reddiex et al., 2001;
Jabran and Chauhan 2018). However, crop losses caused by weeds vary according to geographical
regions and the type of cultivated plant. Weeds retard the growth of cucumber plants and reduce fruit
yield and quality. It is important to control weeds at an early stage in order to prevent yield losses in
crop plants (Su, 2020). Today, in agricultural areas, in order to control weeds; chemical control methods
are preferred because of their fast results, easy application and low cost due to the increase in labor and
costs (Kitig, 2011). These herbicides used for weed control (Su, 2020) might cause serious environmental
and ecological damages and un-known consequences due to their unconcious and intensive uses
(Sardana et al., 2017). However, on water and soil pollution (Silva et al., 2019; Casado et al., 2019),
biodiversity (Schiitte et al., 2017), human health (Jabtoniska-Trypu¢ et al., 2019) and bees (Cullen et al.,
2019) are of the reported direct and in-direct consequences. In addition, excessive use of herbicides
causes weed resistance (Bo et al., 2017; Peterson et al., 2018) as the case of memory in plants, which
are of the major concern in agricultural studies (Perotti et al., 2020). The relevant resistance result in
innumerable problems (Mengii¢ and Elibiiylik, 2014) and increasing costs (Beckie, 2020).

One of the alternative ways to get rid of the negative effects of chemical control of weeds is
mulching. Mulching is called spreading various cover materials on the soil surface in order to minimize
weed population and moisture losses and increase crop yield (Kader et al., 2019). Mulches can
potentially limit weed populations through shading and act as barriers to evapotranspiration (Rathore et
al., 1998). When mulch is applied over the soil surface, it acts as a barrier to the passage of light, resulting
in reduced germination of small-seeded weed species (Igbal et al., 2020). Mulches play a role not only
in weed control, but also in maintaining soil moisture by reducing the evaporation rate and changing the
infiltration capacity of the soil surface (Jordan et al., 2010). Mulching covers the soil surface and
therefore helps maintain soil temperature that is beneficial for overall crop growth. It regulates and
balances the soil temperature. It also has positive effects on the protection of water and soil (Kasirajan
and Ngouajio 2012). Mulches act as physical barriers to the emergence of weeds (Ahmad et al., 2020).
In simple terms, mulch can also be defined as the material used in the field to control the growth of
unwanted plants (Chopra and Koul, 2020).

Rapid industrialization and urbanization have caused rising global temperatures over the years,
destabilizing agro-ecological systems around the world. Therefore, new environmentally friendly
agricultural practices are needed for sustainable food production (Igbal et al., 2020). In addition, water
availability has been decreasing rapidly in recent years due to climate change, increase in human
population and pollution of fresh water resources by heavy metals and other pollutants. In addition to
water scarcity, the degradation of land resources is on the rise. Therefore, some easy and economical
options are needed. Mulches play an important role in achieving the sustainability goal of modern
agricultural production systems. It is also important to choose the most appropriate mulch type, taking
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into account the soil type, environmental conditions, product, and the specific objectives for which the
mulch is used (Jabran, 2019).

When we evaluate all these objectively, the mulch method, which is one of the most effective
methods of controlling weeds, is both environmentally friendly and effective in terms of product quality.
Taking into account all benefits of the mulch materials; herewith, we designed the current study to
determine the effects of different mulch materials on weed control, cucumber yield and soil temperature
and moisture in cucumber cultivation in order to ensure sustainability without damaging the ecosystem
and to reduce producer costs.

MATERIALS and METHODS

The study was carried out in Igdir University Sehit Biilent Yurtseven Campus (39°48'34"N -
44°05'06"E) for two consecutive years (2020-2021). Commercially available Beith Alpha cucumber
seeds were used in the study. Five different mulch materials were used in the research. Mulch materials
used, general features and application rates (Table 1).

Table 1. Mulch materials used in the research, their general properties and application rates

Materials used General features Application rate

Straw Wheat straw 3.750 kg/da
Width-1.2m

Linen cover Length 4m

Thickness 4mm

It has a fibrous structure and the pH is in the range

Peat of5.5-65 .

1000 kg/da
Lolium perenne 25%
Festuca arundinacea 45%

Grass clippings Poa pratensis 10% 4.375 kg/da
Festuca rubra rubra 20% mixed mown grass
wastes

Chopped paper 1 cm vertically cut sheets of paper 2.000 kg/da

Datalogger was used to measure soil temperature and humidity values with a temperature
measuring range -30, +60 °C humidity measuring range 0% - 99% RH. The meteorological data of the
province of Igdir, where the study was carried out, between the years 2020, 2021 and the MLY (1941-
2021) (Table 2). Soil samples were collected at a depth of 0-0.30 m in experimental area before trial
establishment in 2020. The soils of the experimental sites were homogenous, with a Clay- Loamy texture.
Soil physical and chemical characteristics of the experimental areas are described in Table 3.
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Table 2. Meteorological data for the province of Igdir between the years 2020, 2021 and the MLY (1941-2021)
Months Average Temperature (°C) Total Precipitation (mm) Average Relative Humidity

%

2020 2021 UYO 2020 2021 UYO 2020 (202) 1 UYO
March 10.44 10.02 6.2 18.1 17.5 22.1 65.6 60.5 52.2
April 11.49 17.4 13 83.6 18.4 33.8 76.6 43.6 49.9
May 18.80 21.1 17.7 76.1 42.1 46.5 63.1 46.3 51.5
June 24.19 26.8 22.1 15.7 0.7 32 48.3 33.9 47.3
July 26.7 27.4 259 30.2 324 13.7 48.4 45.7 45.3
August 242 27.4 253 15.3 83 9.7 47.6 40.6 47.1
September ~ 23.5 222 204 1.4 11.5 11.5 47.7 44.8 46.2
October 14.5 12.7 13.1 7.3 18.5 26.3 49.6 60.0 48.53

MLY: Mean of long years (MGM, 2022)

Table 3. Soil physical and chemical characteristics of the experimental areas

Soil Profile  Texture Lime TotalSalt pH Phosphorus Potassium Organic

Properties Depth CaCos P,0Os (K:0) Matter
plants cm % mmhos /cm kg per ™ kg per ™ %
Trial Area  0-30 Clay- Loamy 11.32 2 7.9 0.8 9.28 2

Cucumber planting, care and experimental setup

Beith Alpha cucumber seeds were first planted in viols in both years. When the sown seeds
germinated and reached the average 4-leaf period, they were transplanted in the field between
07.05.2020 in the first year and 12.05.2021 in the second year. Cucumber seedlings were planted with a
distance of 50 cm within row and 100 cm between rows. After planting the seedlings, the first irrigation
was done with the drip irrigation system. Afterwards, irrigation was done once a week, taking into
account the rainfall situation and the water requirement of the plant. In both years, approximately 8-10
tons of animal manure per decare was mixed into the soil in the autumn before the study was setup in
the experimental area. The study was established according to the randomized complete block design
with 4 replications and 7 main treatments (Linen cover, chopped paper, fresh clipping grass, wheat straw,
peat, weed-free (hoe) control and weedy control). In the study, the area of each plots were established
as the plot area (4m x 1m) 4 m?. In the study, the distance between characters was 0.5 m and the distance
between replications were 0.5 m. The total trial area was established as 175 m? and 325.5. Stakes were
fixed to the ground for parcellization and rope was used in the strips. In the study, mulch materials were
laid on 25.06.2020 in the first year and 20.06.2021 in the second year, with a mulch thickness of 7.5 cm
and 16 cucumber seedlings for each plot. Care was taken not to cover the cultivated plant while covering
the mulch materials between and on the rows. In the study, weed-free (hoe) control plots were hoed
shortly after the emergence of weeds.

Determination of weed species and densities in the experimental area

In the study, weed species and densities in the trial area were determined before the mulch
materials were applied. For this purpose, a 1 m? frame was used in the trial area, and the weeds in the
frame were counted by randomly discarding them. Thus, the density of each weed species was
determined. An evaluation was made on the basis of arithmetic mean in determining the density of
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weeds. Weed densities (plant/m?) were calculated by dividing the total number of plants per m? in the
surveys to be made by the number of surveys, and the densities of each species were calculated (Odum,
1971).

Density (piece/m?) = B/m
B; The total number of individuals in the sample taken;
m; Total number of samples.

In order to determine the effects of mulching on weed dry weights, the weeds in all plots were cut
from the soil base separately and brought to the Herbology Laboratory before the last harvest of the
cucumber. After being kept in an oven at 70 °C for 24 hours in the laboratory, they were taken and their
dry weights were weighed one by one and numerical data were recorded. In addition, in order to
determine the percent effects of the mulch materials used in the study on weeds, the percent effects of
the mulched plots on the weeds were determined based on the weed control plots.

The effect of mulching on cucumber yield

Cucumber harvest was done between 23.07-12.10.2020 and 20.07-12.10.2021. Depending on the
type of harvest, the fruits were harvested when they were of normal size. Cucumber fruits were pulled
by hand from the part where the fruit stem meets the branch, and were properly plucked and collected.
The collected cucumber fruits were taken to the Herbology Laboratory of the Faculty of Agriculture at
the Sehit Biilent Yurtseven Campus of Igdir University; Cucumber yield (kg/da) collected in each plot
was determined. The obtained values were compared with the weed control and no weed-free (hoe)
control plots in the mulched plots.

Effect of mulching on soil temperature and moisture

In the study, temperature and humidity data loggers were placed in the experimental plots at a
depth of 5 cm into the soil. The measurements were recorded at 12:00 at noon and at 00:00 at night.

Data analysis

The data of the relevant treatments were subjected to one-way variance analysis. The means were
separated using Duncan’s multiple range test at the 5% probability level (p <0.05) (SPSS20).

RESULTS and DISCUSSION

Weed families detected in the experimental area in the years 2020-2021, when the study was
conducted, are presented in Figure 1. A total of 12 weed species belonging to 7 families were observed
in the experimental area in both years. The families with the highest number of weed species were as
Amaranthaceae (4 species), Poaceae (2 species) and Brassicaceae (2 species). Those findings are
consistent with the report of Giirbiiz et al. (2021) indicating that Amaranthaceae (3 species) and Poaceae
(2 species) were the most common with respect to the weed numbers amongst families observed.
Furthermore, a total of 8 weed species belonging to 6 families in the study area was reported and the
Amaranthaceae (2 species), Poaceae (2 species) were the most common families (Yakar, 2008). Sirr1
and Ozaslan (2020) identified 52 weed species belonging to 20 families, 2 of which are narrow-leaved
and 18 are broad-leaved, in vegetable cultivation areas. The families with the most species in terms of
the number of species they contain are respectively; Poaceae (10 species), Asteraceae (8 species) and
Fabaceae (6 species) were determined. In the studies mentioned above, the weed families detected in the
experimental area and vegetable planting areas are similar to the weed families we detected in the present
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study area. Weed families, scientific names, common names and life cycles detected in the trial area

during the years of the study are given in Table 4.

Figure 1. Weed families detected in the trial area

Table 4. Weed families, scientific names, common names and life cycles detected in the trial area

Family Latin name Common name Lifecycle
Narrow leaf

Poaceae Sorghum halepense (L.) Pers. Johnson grass P

Cynodon dactylon (L. ) Pers. Bermuda grass P
Broadleaf

Amaranthaceae Amaranthus retroflexus L. Redroot pigweed A
Chenopodium album L. Fat hen A
Chenopodium botrys L. Jerusalem-oak A
Atriplex nitens schkuhr . Saltbush P

Asteraceac Cirsium arvense (L.) Scop . Canada thistle P

Boraginaceae Heliotropium europaeum L. Heliotrope A

Brassicaceae Sinapis arvensis L. Wild mustard A
Myagrum perfoliatum L. Musk weed A

Convolvulaceae Convolvulus arvensis L. Field bindweed P

Portulacaceae Portulaca oleracea L. Purslane A

A: Annual; P: Perennial

Of the weed families observed in the experimental area, one of them was narrow-leaved and 6 of

which were broad-leaved. Among the detected weeds, there were 2 species of narrow-leaved and 10
species of broad-leaved weeds. In addition, 5 species of weeds were perennial and 7 species were annual.
Yakar (2008) reported 8 weed species in experimental area, and 2 species of narrow leaves and 6 species
of broad leaves were recorded. Regarding species; 4. retroflexus, P. oleracea, C. arvensis and C. album
weeds detected in the experiment area and the weeds we detected in the experimental area were similar.
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Bingolbali (2019) stated in his study that C. arvensis, C. album and P. oleraceae weed species were the
most common in vegetable cultivation areas in general. Giil (2020) detected 18 weed species in their
study area. Except for M. perfoliatum, one of the weed species we detected in the trial area in our study,
all other weed species were similar. Tepe (1998) stated that among the weeds that are a problem in
vegetable planting fields, there are weeds that we identified above in the trial area. Examples of these
weeds are A. retroflexus, C. arvensis, C. album, P. oleracea, C. dactylon and S. arvensis. The densities
of weeds detected in the trial area in both years of the study are presented in Table 5.

Table 5. Densities of weeds detected in the trial area in both years of the study

Weeds Density (plants/m ?)
1st year (2020) 2nd year (2021)

Amaranthus retroflexus L. 3.6 2.4
Atriplex nitens Schkuhr . 0.01 0.2
Chenopodium album L. 4.8 3.02
Chenopodium botrys L. 2.6 1.8
Cirsium arvense (L.) Scop . 0.3 0.4
Convolvulus arvensis L. 0.2 0.3
Cynodon dactylon (L. ) Persian. 3.5 2.5
Heliotropium europaeum L. 3.02 2.6
Myagrum perfoliatum L. 0.1 0.09
Portulaca oleracea L. 0.8 0.4
Synapis arvensis L. 0.8 0.5
Sorghum halepense (L.) Pers. 2.4 1.9

The highest density of weeds detected in the experiment area in the first year; C. album (4.8
plants/m?), A. retroflexus (3.6 plants/m?) and C. dactylon (3.5 plants/m?) weed species were determined.
In the second year of the study, weed species of C. album (3.02 plants/m?), H. europaeum (2.6 plants/m?)
and C. dactylon (25 plants/m?) were determined with the highest density. Giil (2020), in her study, the
highest density in the experimental area was C. album (32.15 plants/m?), A. retroflexus (12.16
plants/m?), H. europaeum (8.5 plants/m?), C. botrys (6.29 plants/m?) and A. hortensis (6.12 plants/m?)
weeds. It is similar to the weed species detected at the highest density in the experimental area and the
weed species we detected with the highest density in the experimental area. Sirr1 and Ozaslan (2020), in
their study, have similarity with the weed species that we have detected most intensively in the
experimental area with A. retroflexus, H. europaeum, S. halepense, P. oleracea and C. arvensis weeds
that they have detected in the vegetable areas. The data obtained as a result of the study carried out to
determine the effect of different mulch materials on weed dry weights in cucumber cultivation for two
years were subjected to the Duncan multiple comparison test. According to the results of the analysis,
among the mulch materials, in terms of weed dry weights, 2020 F=156.73 and P=0.00<0.01, 2021
F=108.34 and P=0.00<0.01 statistically mulch materials There was a difference of 1% between them
(Table 6).
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Table 6. The effect of mulch materials on dry weight of weeds in the years the study was carried out, average dry
weight of weeds according to mulch materials, groups formed according to Duncan multiple
comparison test and percent effect ratios

Apps Year 1 (2020) Year 2 (2021)
Dry weight Percent effect Dry weight Percent effect
(g/m’) (“e) (g/m’) (“e)
Grass clippings 121.87b 57.28 105.27b 57.58
Peat 100.70c 64.70 85.55¢ 65.52
Linen cover 0.00e 100.00 0.00e 100.00
Chopped paper 67.63d 76.29 45.12d 81.82
Wheat straw 92.55¢ 67.55 96.47bc 61.12
Weed free 0.00e 100.00 0.00e 100.00
Weedy 285.25a 0.00 248.14a 0.00
Cover. 95.42 82.93
F 156.73 108.34
P 0.00 0.00

As a result of the study on the effects of mulch applications on weed control, the lowest weed dry
weights in both years were obtained in the Linen cover (0.00 g/m?) plots, which control weeds
completely. Afterwards, the lowest weed dry weights (67.63 g/m?) and 76.29% impact rate were
obtained in the chopped paper plots in the first year. In the second year, after the linen cover plots, 45.12
g/m? dry weight and 81.82% effect rate, the highest percentage effect on weed dry weight was again
obtained in the chopped paper plots. In both years, the highest weed dry weights were obtained in the
control plots with 285.25 g/m? in the first year and 248.14 g/m? in the second year, respectively. In his
study, Giil (2020) obtained the lowest weed dry weight in linen cover and weed-free (hoe) (0 g/m?) plots.
These parcels are respectively; straw (37.025 g/m?), turf (44,125 g/m?), sawdust (45,025 g/m?), peat (117
g/m?), rotted grass (238,25 g/m?) and weed control (466,25 g/m?) parcels are followed. The weed dry
weights obtained according to the mulch materials above and the weed dry weights obtained in our study
are largely similar. Yakar (2008), Jodauigene et al. (2006) reported that the mulch materials they used
in their studies effectively prevented weed germination and emergence. This is similar to the results we
obtained in our study.

As aresult of the study carried out to determine the effect of different mulch materials on cucumber
yield in cucumber cultivation areas for two years were subjected to Duncan multiple comparison test.
According to the results of the analysis, in terms of weed dry weight among mulch materials, 2020
F=72.158 and P=0.00<0.01, 2021 F=104.45 and P=0,00<0.01 % statistically among mulch materials
There was a difference of 1 level (Table 7).
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Table 7. The effect of mulch materials on cucumber yield in the years of the study, the average yield of cucumbers
and the groups formed according to Duncan multiple comparison test

Apps Year 1 (2020) Year 2 (2021)
Yield (kg/da) Yield (kg/da)
Linen cover 4 685.25a 4 520.00a
Grass clippings 3 561.00d 3 250.00c
Chopped paper 4 451.25ab 4285.00a
Wheat straw 3 220.00e 3 002.50cd
Peat 2996.25¢ 2767.50d
Weed free 3 861.25¢ 4 013.75b
Weedy 2221.50f 2 110.00e
Average 3 656.06 3539.06
F 72.15 104.45
P-value <0.01 <0.01

In both years of the study, the highest cucumber yields were obtained in linen cover plots with
values of 4 685.25 kg/da in the first year and 4 520.00 kg/da in the second year. In the first year of the
study, the highest yield of chopped paper (4 451.00 kg/da) was obtained after the Linen cover, and in
the second year, the highest yield of cucumber after the Linen cover was obtained in the chopped paper
parcels with the amount of 4 285.00 kg/da. The lowest cucumber yield was obtained in weedy control
(2 221.5 kg/da—2 110.06 kg/da) plots in both years. In the study, while the average cucumber yield was
3 656.06 kg/da in the first year, it was 3 539.06 kg/da in the second year. Yakar (2008), in her two-year
study, found the highest cucumber yield in black polyethylene (8,269.20 kg/da) in the first year and the
highest cucumber yield in mulch textile (4192,8 kg/da) applications in the second year. In both years,
the lowest cucumber yield was obtained in weed control (5556.7 kg/da - 2816,7 kg/da) plots. The data
obtained in her study and the results obtained in our study were similar. In the study, the effects of mulch
materials on soil temperature and moisture, soil temperature and humidity values as a result of different
measurements are presented in Table 8.

Table 8. Soil temperature and moisture values as a result of different measurements made according to mulch materials

mulch materials Temperature ( °C) Humidity (%)
August 10 30 August August 10 August 10

12:00 00:00 12:00 00:00 12:00 00:00 12:00 00:00

Noon night Noon night Noon night Noon night
Wheat straw 25.4 24.0 23.6 21.4 52.1 86.3 61.0 86.9
Linen cover 26.0 23.1 23.8 20.7 62.9 90.3 68.5 90.1
Grass clippings 25.0 23.8 23.5 22.1 52.2 85.9 60.2 86.5
Peat 24.8 23.5 23.4 21.9 51.9 85.7 60.8 86.8
Chopped paper 24.1 23.5 23.0 22.8 52.2 86.5 60.1 87.1
Weedy 23.9 23.2 23.0 20.5 50.2 83.4 59.2 84.1
Weed free 24.0 23.4 22.8 20.4 50.0 82.5 58.4 82.2
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As a result of the measurements made, on August 10 at noon (at 12:00 ), the highest temperature
value was 26 °C and the lowest temperature value was obtained in the linen cover plots with a value of
23.9 °C in the weed control plots. On the same day, at night (hour; 00:00 ), the highest temperature was
observed in wheat straw (24 °C) plots, and the lowest temperature was observed in linen cover (23.1 °C)
plots. At noon (time; 12:00 ) on August 30, the highest temperature was obtained in linen cover (23.8
©C), and the lowest temperature (22.8 °C) was obtained in weed-free (hoe) control plots. At night time
of 30 August (time; 00:00 ) the highest temperature was in chopped paper (22.8 °C), the lowest
temperature (20.4 °C) observed in weed-free (hoe) control plots. In the study, the highest humidity was
measured at night time of 10 August with a value of 90.3%. The lowest humidity value was measured
at noon on August 10 with 50% value. The results we obtained in the study are similar to the results
obtained by Devi Dayal et al., (1991), Schonbeck and Evanylo (1998) and Ramakrishna et al., (2006).

CONCLUSION

In the study we carried out to determine the effects of different mulch materials on weed control
and cucumber yield in cucumber cultivation, 12 weed species belonging to 7 families in total were
determined in the experimental area in both years. Amaranthaceae (4 species) was the family with the
highest number of weed species among the detected families. The highest density of C. album weeds
was detected in the experimental area in both years. The effects of mulch applications on weeding, the
lowest weed dry weights in both years were obtained in the Linen cover (0.00 g/m?) plots, which control
weeds by 100%. In both years of the study, the highest cucumber yields were obtained in linen cover
plots with values of 4 685.25 kg/da in the first year and 4.520.00 kg/da in the second year. The lowest
cucumber yield was obtained in the control plots with weeds in both years of the study. In the study, the
highest temperature and humidity values were observed in the linen cover plots. In the study, it was
observed that all mulch materials retarded the germination and emergence of weeds. As a result of the
study, it was concluded that Linen cover is very effective on weed control, yield and soil temperature
and value.
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