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Kozan Kira¢ Kosullarinda iskenderiye Uegiilii (Trifolium

alexa

ndrinum L.) Cesitlerinin Performanslar
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Cukurova Universitesi Kozan Meslek Yiiksekokulu, Adana
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Anahtar Kelimeler:
Iskenderiye iicgiilii,
Cesit,

Ot verimi,

Ot kalitesi,

Kirag kosullar.

Bu arastirma, Kozan kirag kosullarinda bazi Iskenderiye ii¢giilii (Trifolium alexandrinum L.)
cesitlerinin ot verimi ve ot kalitesinin belirlenmesi amaciyla 2020-2021 ve 2021-2022
yetistirme sezonlarinda iki y1l siireyle yiiriitiilmiistiir. Arastirmada iki adet Iskenderiye iicgiilii
cesidi (Derya ve Efsane) test edilmistir. Deneme, Cukurova Universitesi Kozan Meslek
Yiiksekokulu Yerleskesi Aragtirma ve Uygulama arazisinde, tesadiif bloklar1 deneme desenine
gore 3 tekerriirlii olarak tesis edilmistir. Arastirmada, iki yillik ortalama degerlere gore
Iskenderiye iicgiilii gesitlerinin bitki boyu 91.5-102.4 cm, yesil ot verimi 2219.4-2795.4 kg da-
1, kuru ot verimi 521.4-761.2 kg da’!, kuru maddede ADF oran1 %40.4-%41.5, kuru maddede
NDF orani %54.8-%57.6, kuru maddede ham protein oranit %17.8-%20.4 ve nispi yem degeri
91.4-97.7 arasinda degismistir. Arastirmadan elde edilen bulgular dogrultusunda, Kozan’in
kira¢ kosullarinda ve benzer ekolojilerde hayvancilik isletmelerinin kaliteli kaba yem temin
etmesi amaciyla, Derya ¢esidine gore ot kalitesi diisiik olmasina karsilik, ot veriminin yiiksek
oldugu Efsane cesidinin tavsiye edilebilecegi sonucuna varilmustir.

Performances of Berseem Clover (Trifolium alexandrinum L.) Cultivars under Dry Land

Conditions of Kozan

Article Info
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Keywords:
Berseem clover,
Cultivar,

Forage yield,
Forage quality,

Dry land conditions.

This research was conducted to determine the forage yield and forage quality of some berseem
clover (Trifolium alexandrinum L.) cultivars for two years in 2020-2021 and 2021-2022
growing seasons under dry land conditions of Kozan. In the study, two berseem clover cultivars
(Derya and Efsane) were tested. The experiment was established according to a randomized
block design with three replications at the Research and Application area of Kozan Campus of
Cukurova University, Adana. In the study, according to the two-year average values;
Depending on cultivars of berseem clover varied plant height between 91.5-102.4 cm, green
forage yield between 2219.4-2795.4 kg da’!, hay yield between 521.4-761.2 kg da’!, ADF rate
in dry matter between 40.4%-41.5%, NDF rate in dry matter between 54.8%-57.6%, crude
protein rate in dry matter between 17.8%-20.4% and relative feed value between 91.4-97.7. In
line with the findings obtained from the research, it was concluded that Efsane cultivar, which
has high forage yield although its forage quality is lower than Derya cultivar, can be
recommended in order to provide quality roughage for livestock farms under the dry land
conditions of Kozan and similar ecologies.
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GIRIS

Insanoglu saglikl bir sekilde hayatini1 devam ettirebilmesi icin hayvansal kokenli gidalara mutlak
ihtiya¢ duymaktadir. Bunun yaninda, hayvansal kokenli gidalar bir iilkenin gelismislik diizeyini
belirlemede kullanilan 6l¢iitler arasinda da yer almaktadir. Nitekim, ¢ogu gelismis iilkelerdeki insanlar
giinliik en az 70 gram protein tiiketmekte ve bu tliketilen proteinin yarisinin hayvansal kdkenli protein
oldugu bilinmektedir (Hatipoglu ve ark., 2021). Tiirkiye’de giinliik protein tiiketimi (108.1 g) diinya
ortalamasinin iizerinde olmasina karsilik, bu tiiketilen proteinin biiyiik ¢ogunlugu bitkisel kokenli
proteindir (FAO, 2016). Diinya uluslar1 arasinda hayvan varlig1 agisindan (17.0 milyon biiyiikbas, 56.3
milyon kiigiikbas) 6n siralarda yer alan Tiirkiye’de (TUIK, 2023a) giinliik hayvansal kdkenli protein
tilkketiminin diisiik olmasi, hayvanlardan yeterli hayvansal {iretim yapilamadigini ortaya koymaktadir.
Bu duruma neden olarak da hayvanlarin genetik potansiyeli, ¢cevre kosullar1 ve hayvanlarin giinliik
yasama pay1 ihtiyacinin yaninda verim payinin bir boliimiinii karsilayacak kaba yemin temininde
yasanan sorunlar sayilabilir.

Yaklasik 76.9 milyon ha kara alanina sahip iilkemizde, ¢cayir ve meralar 14.6 milyon ha’lik alanla
s0z konusu kara alaninin %19’unu olusturmakta ve bu alanlardan yillik olarak yaklasik 11.7 milyon ton
kaba yem iiretilmektedir (BUGEM, 2022). Ayrica, iilkemizde yaklasik 20.6 milyon ha tarla arazisinde,
yem bitkileri ekim alaninin 2.3 milyon ha (silaj, yesil ot, kuru ot) oldugu ve bu alanlardan da yaklasik
olarak 59.4 milyon ton kaba yem iiretimi yapildig1 Tiirkiye Istatistik Kurumu istatistiklerinden
anlagilmaktadir (TUIK, 2023b). Mevcut hayvan varhigimiz {izerinden yapilan hesaplamayla,
hayvanlarin sadece yasama pay1 ihtiyaci i¢in gereksinim duydugu kaba yemin (Misir silaji+ Fig/Yulaf
kuru ot+ saman=17 kg) ise toplamda 120.8 milyon ton oldugu bildirilmistir (Algigek, 2021). Bu
durumda, iilkemizde 49.7 milyon ton kaba yem a¢ig1 oldugu goriilmektedir. Hayvanlarimizin ihtiyag
duydugu bu kaba yem ag¢iginin biiyiik cogunlugu diisiik kaliteli saman ve hasat artiklarindan kargilandigi
bildirilmistir (A¢ikgdz, 2021). Bu durum da hayvansal iiriinlerin iiretimini diigiirmesinin yaninda
iilkemizdeki insanlarin alim giiciine uygun hayvansal {iriin bulamamasina ve insanlarin giinliik ihtiyag
duydugu hayvansal kdkenli protein gereksinimlerini karsilayamamasina neden olmaktadir.

Verimlerini biiyiik dl¢iide kaybetmis cayir mera alanlarimizin (bdlgelere gore 40-120 kg da™ kuru
ot) vakit kaybedilmeden 1slah edilmesi (Armagan ve Isik, 2022), yiiksek verimli ve kaliteli yem bitkileri
tiirlerinin tarla tariminda degerlendirilmesi ve 6zellikle {ilkemizin kiy1 seridinde bulunan kirag alanlarda
ve yazlik iiriin ekimi amaciyla kis donemi bos birakilan arazilerde yem bitkileri yetistiriciliginin tesvik
edilmesi s6z konusu kaliteli kaba yem agiginin kapatilmasina yardimci olacak ve hayvansal tiriinlerin
iiretimine bilyiik katk:i saglayacaktir. Bu baglamda, {ilkemizin kiy1 bolgelerinde, bir yillik bir baklagil
olan ve Akdeniz iklimi kosullarina uyum saglamis Iskenderiye iicgiiliiniin (Trifolium alexandrinum L.)
yetistirilmesi  hayvancilik igletmelerinin kaliteli kaba yem acigmin kapatilmasma katki
saglayabilecektir.

Bu arastirmada, Kozan kirag kosullarinda bazi Iskenderiye iiggiilii cesitlerinin kislik iiriin olarak
yetistirilme potansiyellerinin belirlenmesi amaglanmstir.

MATERYAL VE YONTEM

Bu arastirma, Cukurova Universitesi Kozan Meslek Yiiksekokulu Yerleskesi Arastirma ve
Uygulama arazisinde (37° 27' 57" N, 35° 48' 13" E, rakim 151 m) 2020-2021 ve 2021-2022 kislik {iriin
yetistirme sezonlarinda iki yil siireyle yiirlitiilmistiir. Aragtirmanin yiiriitiildigi alanin topraklar: killi
yapida olup, pH’1 7.50, kire¢ oranmi yiiksek, organik madde ve fosfor bakimindan fakir, potasyum
bakimindan zengindir.

Denemenin yiiriitiildiigii Kozan ilgesinde Akdeniz iklimi hiikiim siirmektedir. 2020-2021 ve
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2021-2022 yetistirme mevsimlerine ait Kasim-Nisan donemi iklim verileri Tablo 1’de verilmistir. Tablo
1’de izlendigi gibi, uzun yillar ortalamasi yagis toplami 546.9 mm, uzun yillar ortalamasi sicaklik 13.7
°C ve uzun yillar ortalamasi nispi nem degeri %56.1 olmustur. Uzun yillar ortalamasi yagis toplamina
gore 2020-2021 yetistirme mevsiminde (478.4 mm) daha diisik yagis gerceklesirken, 2021-2022
yetistirme mevsiminde ise uzun yillar ortalamasina benzer yagis (547.6 mm) ger¢eklesmistir. Her iki
yetistirme sezonu uzun yillar ortalamasia gore daha sicak ve nispi nem oraninin daha diisiik oldugu
sezonlar olmustur.

Tablo 1 Arastirmanin Yiiriitildiigii Kozan Ilgesine Ait Iklim Verileri

Toplam Yagis (mm) Ortalama Sicaklik (°C) Nispi Nem (%)
Aviar UYO* 2020-2021 2021-2022 UYO 2020-2021 2021-2022 UYO 2020-2021 2021-2022
Kasim 83.8 48.8 54.4 16.8 17.8 18.3 49.8 38.1 47.3
Aralik 110.1 35.0 150.6 11.9 14.2 12.2 56.4 42.5 49.6
Ocak 94.6 181.8 162.6 10.1 12.4 9.1 55.3 45.5 50.8
Subat 88.4 47.6 39.6 11.2 13.7 12.4 55.9 41.7 53.7
Mart 84.0 94.6 125.6 14.1 13.8 10.8 57.8 51.6 46.4
Nisan 86.0 70.6 14.8 18.0 18.8 20.8 61.6 54.9 42.1
Top./Ort.  546.9 478.4 547.6 13.7 15.1 13.9 56.1 45.7 48.3

*Uzun yillar ortalamas1 Kaynak: Anonim (2023).

Deneme, tesadiif bloklar1 deneme desenine gore 3 tekerriirlii olarak tesis edilmistir. Her bir parsel
5 m uzunlugunda 5 siradan olugmus ve sira arast mesafe 20 cm olarak ayarlanmigtir. Ekim, markor ile
acilan siralara elle yapilmistir. Aragtirmanin yiirtitiildiigii 2020-2021 yetistirme mevsiminde 18.11.2020
tarihinde, 2021-2022 yetistirme mevsiminde ise 15.11.2021 tarihinde ekim islemi gergeklestirilmistir.
Arastirmada materyal olarak, Ege Tarimsal Arastirma Enstitlisii Miidiirliigiinden temin edilen
Iskenderiye iicgiiliiniin “Efsane” ¢esidi ve Dogu Akdeniz Arastirma Enstitiisii Miidiirliigiinden temin
edilen Iskenderiye ii¢giiliiniin “Derya” cesidi kullanilmis ve her bir cesit icin dekara saf 2.5 kg tohumluk
olacak sekilde ekim normu belirlenmistir (Yiicel, 2019). Her iki yetistirme mevsiminde de ekimle
birlikte 10 kg da' DAP giibresi uygulanmis ve gerektikce elle yabanci ot miicadelesi yapilmustir.
Arastirmada her iki yetistirme mevsiminde de sonbahar yagislarinin gecikmesi nedeniyle tohumlarin
cikisini saglamak amaciyla ekim isleminden sonra bir kez sulama yapilmistir (Tiifenkei, 2021).

Arastirmada hasat Iskenderiye iicgiilii cesitlerinin %50-75 ¢igeklenme dénemi dikkate almarak
yapilmistir (Yiicel ve ark., 2017). Derya cesidi 2020-2021 ve 2021-2022 yetistirme sezonlarinda
sirastyla 07.04.2021 ve 09.04.2022 tarihlerinde, Efsane ¢esidi ise 28.04.2021 ve 24.04.2022 tarihlerinde
hasat olgunluguna gelmis ve her ¢esit bir defa hasat edilmistir. Hasat dncesi her parselin iki kenarindan
birer sira ve parsel baslarindan 0.5 m kenar tesiri olarak bicilmistir. Her parselden rastgele secilen 10
bitkinin boyu 6l¢iilmiis ve dlgiilen bitki boyu degerlerinin ortalamasi alinarak her parselin bitki boyu
degerleri belirlenmistir. Kenar tesiri atilan parsellerdeki kalan alan motorlu ot bicme makinesiyle
bicilmis ve vakit kaybedilmeden tartilmistir. Her parsel i¢in belirlenen yesil ot agirliklart gerekli
doniisiimler yapilarak cesitlerin dekara yesil ot verimi degerleri hesaplanmistir. Parsellerden hasat edilen
yesil ot i¢inden 500 g 6rnek alinmis ve etiivde 70°C’de 48 saat kurutulmustur. Kurutulan 6rnekler
etlivden ¢ikarildiktan sonra oda sicakligina gelene kadar bekletilmis ve hassas terazide tartilarak kuru
agirliklart belirlenmistir. Ardindan, gerekli doniisiimler yapilarak her ¢esit i¢cin dekara kuru ot verimi
hesaplanmustir. Kuru ot agirlig1 belirlenen &rnekler dgiitiilerek 1 mm’lik elekten gegcirilmistir. Ogiitiilen
ve elekten gegirilen orneklerin ADF, NDF ve ham protein igerikleri Near Infrared Reflectance
Spectroscopy (NIRS) analiz cihazinda “C-0904FE-Hay and Fresh Forage” kalibrasyonu kullanilarak
tespit edilmigtir. Ot kalitesini saptamak igin 6giitiilen 6rneklerden 5’er gram alinmig ve etiivde 105°C’de
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3 saat kadar tutulmustur. Etiivden ¢ikarilan 6rnekler desikatorde bekletilerek hassas terazide tartilmis ve
kuru madde icerikleri hesaplamalarla belirlenmistir (Kacar ve Inal, 2010). Kuru ottaki ADF, NDF ve
ham protein oran1 belirlenen 6rneklerin kuru madde degerlerine oranlanarak kuru maddede ADF, NDF
ve ham protein oranlari hesaplanmistir. Sheaffer ve ark. (1995)’nin acikladig1 asagidaki esitlikler
yardimiyla nispi yem degeri hesaplanmistir (Esitlik 1, Esitlik 2, Esitlik 3).

Sindirilebilir Kuru Madde Oran1 (SKMO)= 88.9-(0.779 x %ADF) 1
Kuru Madde Tiiketimi (KMT)= 120/(%NDF) 2)
Nispi Yem Degeri (NYD)= (SKMO x KMT)/1.29 3)

Arastirmadan elde edilen veriler, MSTAT-C (Michigan State University v.2.10) istatistik paket
programinda tekrarlanan tesadiif bloklari deneme desenine uygun olarak varyans analizine tabi
tutulmustur (Yurtsever, 2011). Istatistiksel olarak onemli ¢ikan dzellik ortalamalart LSD testi (P<0.05)
ile karsilastirilmistir.

BULGULAR VE TARTISMA

Arastirmada test edilen Iskenderiye iicgiilii ¢esitlerinin ot verimi ve bazi ot kalitesi 6zelliklerine
uygulanan varyans analiz sonuglar1 Tablo 2’de verilmistir.

Tablo 2 Iskenderiye Ucgiiliinde Saptanan Ot Verimi ve Bazi Ot Kalitesi Ozelliklerine Uygulanan
Varyans Analiz Sonuglart

. Bitki Yesil Ot Kur Ot ADF NDF Ham Protein  Nispi
Varyasyon Serbestlik s . Oram
Kavnaklari  Derecesi Boyu Verimi (kg  Verimi (kg (% Oram Oram Yem
y (cm) dal) dal) KN}) (% KM) (% KM) Degeri
Tekerriir 2 62.4* 12354.2 773.7 8.05 4.9 2.0 57.0
Yil 1 2741.9%%  868341.1%*  205075.0** 0.63 5.6 8.1 28.5
Cesit 1 357.4%*  995126.3*%*%  172448.5%* 3.82 24.9* 20.5%* 119.6
Y1l x Cesit 1 227.9%* 7744.5 30606.5%* 1.04 0.3 1.6 35
Hata 6 11.5 6304.1 1308.6 2.15 2.7 1.5 23.1
C.V. (%) 3.5 3.2 5.6 3.6 2.9 6.3 5.1

*: p<0.05, **: p<0.01

Tabloda izlendigi gibi, yil ve c¢esit faktoriinlin bitki boyu, yesil ot verimi ve kuru ot verimi
tizerinde 6nemli derecede fark yarattigi, yil x ¢esit interaksiyonunun ise bitki boyu ile kuru ot verimi
tizerindeki etkisinin istatistiki olarak 6nemli oldugu ortaya ¢ikmistir. Bunun yaninda, gesit faktori kuru
maddede NDF orani iizerinde %S5, kuru maddede ham protein orani {izerinde %1 6nem diizeyinde
istatistiki olarak fark yaratmistir.

Bitki Boyu

Iki y1l siirdiiriilen arastirmada, Iskenderiye ii¢giilii gesitlerinde saptanan bitki boyu ortalamalari
Tablo 3’te verilmistir.
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Tablo 3 Iskenderiye Ucgiilii Cesitlerinde Saptanan Bitki Boyu, Yesil Ot Verimi ve Kuru Ot Verimi
Ortalamalar

) Bitki Boyu (cm) Yesil Ot Verimi (kg da™) Kuru Ot Verimi (kg da™!)
Gesitler 2020-2021  2021-2022 Ort. 2020-2021  2021-2022 Ort. 2020-2021  2021-2022 Ort.
Derya 102.2 b? 80.7 ¢ 91.5B* 2463.0 1975.8 2219.4 B* 601.6 b? 4412 ¢ 521.4B*
Efsane 121.8a 829¢c 102.4 A 3089.8 2501.0 27954 A 9424 a 580.0 b 761.2 A
Ort. 112.0 A! 81.8B 2776.4 A! 22384B 772.0 A! 510.6 B

*Benzer biiyiik harflerle gosterilen Cesit ortalamalari arasinda istatistiki olarak fark yoktur
! Benzer biiyiik harflerle gosterilen Y1l ortalamalar1 arasinda istatistiki olarak fark yoktur
2 Benzer kiigiik harflerle gosterilen Y1l x Cesit ortalamalari arasinda LSD testine gore P<0.05 6nem diizeyinde istatistiki olarak fark yoktur

Tablo 3’te izlendigi iizere, arastirmanin birinci yilinda 112.0 cm olan bitki boyu ortalamasi,
aragtirmanin ikinci yilinda 6nemli derecede daha diisiik deger gostermis ve 81.8 cm olarak tespit
edilmistir. Arastirmanin birinci yilina gore, ikinci yilinda 6énemli derecede daha diisiik bitki boyu
ortalamasi tespit edilmesinin nedeni olarak, arastirmanin ikinci yilinda Ocak ve Mart aylarinda
gerceklesen don olaymdan dolayt bitkilerin fizyolojik olarak hirpalanmasi ve artan sicakliklar ile birlikte
bitkilerin yeterli vejetatif bliylime saglayamadan generatif doneme ge¢cmeleri gosterilebilir (Tiirkoglu ve
ark.,2022).

Iki yillik ortalamaya gore, Efsane cesidinin bitki boyu ortalamasi (102.4 ¢cm), Derya cesidinin
bitki boyu ortalamasina (91.5 cm) gore 6nemli derecede daha yiiksek deger goéstermistir. Derya
¢esidinin, Efsane ¢esidine gore dnemli derecede daha diisiik bitki boyu ortalamasi gostermesi, Derya
cesidinin Efsane ¢esidine gore daha erken generatif doneme gegmesi ve vejetatif bliylime déneminin
daha kisa olmasi ile agiklanabilir.

Arastirmadan elde edilen bitki boyu degerlerinin, Bulut ve Kendir (2019)’in elde ettikleri bitki
boyu degerlerinden kismen yiiksek, Yiicel (2019)’in elde ettigi bitki boyu degerlerinden ise kismen
diisiik oldugu ortaya ¢ikmistir. Arastirmadan elde edilen bitki boyu degerlerinin, arastiricilarin elde
ettikleri bitki boyu degerlerinden farkli olmasi, arastirmalarda kullanilan iskenderiye iicgiilii cesitlerinin
farkli genetik yapida olmasi ve ekolojik kosullarin farkliligi ile agiklanabilir.

Iki yil siirdiiriilen arastirmada y1l x gesit interaksiyonunun bitki boyu agisindan istatistiki olarak
onemli oldugu ortaya ¢ikmigtir. Nitekim, aragtirmanin birinci yilinda Efsane ¢esidi, Derya ¢esidine gore
onemli derecede daha yiiksek bitki boyu ortalamasi degeri gosterirken, arastirmanin ikinci yilinda
cesitlerin bitki boyu ortalamalari birbirinden istatistiki olarak farksiz bulunustur. Arastirmanin birinci
yilinda, ¢esitlerin gelisimi i¢in uygun ekolojik kosullarin olmasi ve test edilen c¢esitlerin genetik
yapilarinin farkli olmasi ile hasat zamanlarinin farklilik géstermesi, aragtirmanin ikinci yilinda ise Ocak
ve Mart aylarinda gergeklesen don ve sonrasinda artan sicakliklar ile ¢esitlerin yeterli vejetatif biiylime
gosteremeden generatif doneme gegmelerinden dolayi, gesitlerin ikinci yilda bitki boyu ortalamalarinin
daha kisa kaldig1 sdylenebilir.

Yesil Ot Verimi

Iki yil siirdiiriilen arastirmada, Iskenderiye iicgiilii cesitlerinde saptanan yesil ot verimi
ortalamalar1 Tablo 3’te verilmistir. Tablo 3 incelendiginde, ¢esitlerin ortalamasi olarak yesil ot verimi
ortalamasi birinci yilda 2776.4 kg da’' olarak gerceklesirken, ikinci yilda yesil ot verimi ortalamasi
birinci yila gére 6nemli derecede daha diisiik deger gdstermis ve 2238.4 kg da™' olarak gerceklesmistir.
Aragtirmanin birinci yilinda, ikinci yilina gore 6nemli derecede daha yiiksek yesil ot verimi ortalamast
tespit edilmesinin nedeni olarak, aragtirmanin ikinci yilinda gergeklesen don olay1 gdsterilebilir.

iki yillik ortalama degerlere gore, yesil ot verimi ortalamasi Derya cesidinde 2219.4 kg da™'
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olurken, Efsane ¢esidinin yesil ot verimi ortalamasi Derya ¢esidine gore 6nemli derecede daha yiiksek
deger gostermis ve 2795.4 kg da™! olarak tespit edilmistir. Arastirmada Efsane ¢esidinin Derya ¢esidine
gore gec ciceklenmesi ve buna bagli olarak daha fazla kuru madde biriktirmesi, Efsane ¢esidinin yesil
ot veriminin Derya cesidine gére onemli derecede daha yliksek deger gostermesine neden oldugu
soylenebilir.

Arastirmadan elde edilen yesil ot verimi degerlerinin, bazi arastiricilarin (Ranjbar, 2007; Devi ve
Singh, 2019; Cheptoo ve ark., 2021; Salama ve Nawar, 2021) elde ettikleri yesil ot verimi degerlerinden
diisiik oldugu ortaya ¢ikmistir. Arastirmacilarin elde ettigi yesil ot verimi degerlerinden, arastirmada
elde edilen yesil ot verimi degerlerinin farkli olmasi, arastirmalarda kullanilan Iskenderiye iicgiilii
cesitlerinin farkli genetik yapida olmasi, ekolojik kosullarinin farkliligi, yetistirme tekniginin farkl
olmasi ve hasat sayilarindaki farklilik ile agiklanabilir.

Kuru Ot Verimi

Iki yil siirdiiriilen arastirmada, Iskenderiye ii¢giilii g¢esitlerinde saptanan kuru ot verimi
ortalamalar1 Tablo 3’te verilmistir. Tablo 3’te de goriildiigii iizere, ¢esitlerin ortalamasi olarak kuru ot
verimi ortalamasi arastirmanin birinci yilma (772 kg da™') gore ikinci yilinda (510.6 kg da™) istatistiki
olarak onemli derecede daha diisiikk deger gostermistir. Bu sonug, yillar arasindaki kuru ot verimi
ortalamalar1 arasindaki farkliligin yesil ot verimi ortalamalart ile uyum igerisinde oldugunu
gostermektedir.

Aragtirmada, iki yillik ortalamaya gore kuru ot verimi ortalamas1 Efsane gesidinde 761.2 kg da™
olarak tespit edilirken, Derya ¢esidinin (521.4 kg da') Efsane cesidine gore istatistiki olarak onemli
derecede daha diisiik kuru ot verimi ortalamasi verdigi tespit edilmistir. Ancak, yil x gesit
interaksiyonunun énemli olmasi yillarin kuru ot verimi iizerindeki etkisinin gesitlere bagli olarak 6nemli
derecede farklilik gdsterdigini ortaya koymaktadir. Nitekim, ekolojik kosullarin uygun oldugu 2020-
2021 yetistirme mevsiminde Derya ¢esidi ile ekolojik kosullarin uygun olmadigi 2021-2022 yetistirme
mevsiminde Efsane c¢esidinin kuru ot verimi ortalamalar istatistiki olarak birbirinden 6nemli derecede
farkli olmayan degerler gostermistir.

Aragtirmadan elden edilen kuru ot verimi degerlerinin, bazi arastiricilarin (Ranjbar, 2007) elde
ettikleri kuru ot verimi degerlerinden yiiksek oldugu, bazi arastiricilarin (Yildirim ve Turan, 2020) elde
ettikleri kuru ot verimi degerlerinden ise diisiik oldugu ortaya ¢ikmugtir. Arastiricilarin elde ettikleri kuru
ot verimi degerlerinin, arastirmadan elde edilen kuru ot verimi degerlerinden farkli olmasi, ekolojik
kosullarin farkliligi, hasat sayilarindaki farklilik, yetistirme tekniklerinin farkliligi ve aragtirmalarda
kullanilan gesitlerin genetik yapilarinin farkli olmasi ile agiklanabilir.

ADF Oram

Iki y1l siirdiiriilen arastirmada, Iskenderiye ii¢giilii ¢esitlerinde saptanan kuru maddede ADF orani
ortalamalar1 Tablo 4’te verilmistir. Tablo 4 incelendiginde, arastirmanin birinci yilinda kuru maddede
ADF orani ortalamasi %40.7 olurken, aragtirmanin ikinci yilinda %41.2 olarak tespit edilmis ve yillar
arasinda kuru maddede ADF orani ortalamasi istatistiki olarak birbirinden 6nemli derecede farkli
olmayan degerler gostermistir.
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Tablo 4 Iskenderiye Ucgiilii Cesitlerinde Saptanan Kuru Maddede ADF, NDF, Ham Protein Orani ve
Nispi Yem Degeri Ortalamalari

ADF Oram (% KM) NDF Oram (% KM) Ham Protein Orani (% KM) Nispi Yem Degeri
Cesitler —5030- 2021 2020-  2021- 2020- 2021- 2020-  2021-
2021 2022 O 001 2022 Ort. 2021 2022 Ort. 2021 2022 Ot
Derya 405 403 404 542 553 548B° 216 192 204A° 987 9.7 977
Efsane 410 421 415 56.8 585  57.6A 183 17.4 17.8B 935 893 914
ort. 407 412 55.5 56.9 19.9 183 96.1 93.0

*Benzer biiyiik harflerle gosterilen Cesit ortalamalari arasinda istatistiki olarak fark yoktur

Iki y1llik ortalama degerlere gore, kuru maddede ADF orani ortalamasi Derya gesidinde %40.4
olurken, Efsane ¢esidinin (%41.5) Derya c¢esidinden istatistiki olarak énemli derecede farkli olmayan
kuru maddede ADF orani ortalamasi degeri gdsterdigi tespit edilmistir. Arastirmadan elde edilen kuru
maddede ADF orani1 degerlerinin, Salama ve ark. (2020)’nin ¢ok bigimli Iskenderiye ii¢giilii ¢esitleri ile
yiirittiikleri arastirmanin birinci bigiminde elde ettikleri kuru maddede ADF orani degerleri ve Yiicel
(2019)’in farkli iskenderiye iicgiilii cesit ve genotipleri ile yiiriittiigii arastirmadan elde ettigi ADF
degerleri ile kismen uyum igerisinde oldugu ortaya ¢ikmistir.

NDF Oram

Iki y1l siirdiiriilen arastirmada, Iskenderiye iiggiilii cesitlerinde saptanan kuru maddede NDF orani
ortalamalar1 Tablo 4’te verilmistir. Tablo 4 incelendiginde, Iskenderiye iicgiilii ¢esitlerinin ortalamasi
olarak kuru maddede NDF orani ortalamasi arastirmanin birinci yilinda %55.5, aragtirmanin ikinci
yilinda ise %56.9 olarak tespit edilmistir.

Iki y1llik ortalamaya gore kuru maddede NDF orani ortalamasi Derya cesidinde %54.8 olurken,
Efsane ¢esidinin kuru maddede NDF orani ortalamasi Derya ¢esidine gore 6nemli derecede daha yiiksek
deger gdstermis ve %57.6 olarak tespit edilmistir. Ciftlik hayvanlarinin yem alimini dogrudan etkileyen
NDF orani arttik¢a hayvanin yem alimi azalmakta, NDF oran1 azaldik¢a hayvanin yem alimi artmaktadir
(Yavuz ve ark., 2009). Bu baglamda, Derya cesidi, Efsane ¢esidine gore daha diisiik ot verimi vermesine
ragmen (Tablo 3), Derya ¢esidinin, Efsane ¢esidinden daha kaliteli ot lirettigi sOylenebilir.

Arastirmadan elde edilen kuru maddede NDF orani degerlerinin, bazi aragtiricilarin (Fraser ve
ark., 2004; Chapman ve ark., 2009; Bozhanska ve ark., 2016; Salama ve Nawar, 2021) elde ettikleri
NDF orami degerlerinden yiiksek oldugu ortaya c¢ikmistir. Arastirmadan elde edilen NDF oram
degerlerinin, aragtiricilarin elde ettikleri NDF oram1 degerlerinden farkli olmasi, arastirmalarda
kullanilan gesitlerin farkli genetik yapida olmasi, ekolojik kosullarin farklilif1 ve yetistirme tekniginin
farkli olmasi ile agiklanabilir.

Ham Protein Oram

Iki yil siirdiiriilen arastirmada, Iskenderiye iicgiilii esitlerinde saptanan kuru maddede ham
protein orani ortalamalar1 Tablo 4’te verilmistir. Tablo 4 incelendiginde, Iskenderiye ii¢giilii gesitlerinin
ortalamasi olarak kuru maddede ham protein orani ortalamasi aragtirmanin birinci yilinda %19.9,
arastirmanin ikinci yilinda ise %18.3 olarak tespit edilmistir.

Arastirmada, iki yillik ortalamaya gore kuru maddede ham protein orani ortalamasi Derya
¢esidinde %20.4 olurken, Efsane ¢esidinin ham protein orani ortalamasinin Derya ¢esidine gore 6nemli
derecede daha diisiik deger gosterdigi ortaya ¢ikmistir. Arastirmada test edilen gesitlerin farkli ham
protein oranina sahip olmasi, ¢esitlerin farkli genetik yapida olmalari ile agiklanabilir.

Arastirmadan elde edilen kuru maddede ham protein orani ortalamalarinin, Bulut ve Kendir
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(2019)’in Ankara ekolojik kosullarinda yiiriittiikleri farkl1 iskenderiye ii¢giilii gesitlerinden elde ettikleri
ham protein oran1 degerlerinden (%14.94-%15.35) yiiksek oldugu ortaya ¢ikmistir. Arastirmadan elde
edilen ham protein orani degerlerinin, arastiricilarin elde ettikleri ham protein orani degerlerinden farkli
olmasi, ekolojik kosullarin farkliligi, kullanilan ¢esitlerin genetik yapilarinin farkli olmasi ve yetistirme
tekniklerinin farkli olmasi ile agiklanabilir.

Nispi Yem Degeri

Iki yil siirdiiriilen arastirmada, Iskenderiye {icgiilii cesitlerinde saptanan nispi yem degeri
ortalamalar1 Tablo 4’te verilmistir. Tablo 4 incelendiginde, aragtirmanin birinci yilinda nispi yem degeri
ortalamasi1 96.1 olurken, ikinci yilinda 93.0 olarak tespit edilmis ve yillar arasinda nispi yem degeri
ortalamalarinin istatistiki olarak birbirinden 6nemli derecede farkli olmayan degerler gosterdigi ortaya
cikmustir.

Iki yillik ortalama degerlere gére, nispi yem degeri ortalamasi Derya c¢esidinde 97.7 olurken,
Efsane ¢esidinin (91.4) Derya cesidinden istatistiki olarak onemli derecede farkli olmayan nispi yem
degeri ortalamasi gosterdigi tespit edilmistir.

Aragtirmadan elde edilen nispi yem degerlerinin, Dénmez ve Hatipoglu (2021)’nun Adana
kosullarinda yiiriittiigii aragtirmadan elde ettikleri nispi yem degerleri ile kismen uyumlu, Yiicel ve ark.
(2018)’nin Adana kosullarinda yiiriittiigii arastirmadan elde ettikleri nispi yem degerlerinden ise kismen
diisiik oldugu ortaya ¢ikmigtir. Arastirmadan elde edilen nispi yem degerlerinin, arastiricilarin elde
ettikleri nispi yem degerlerinin farkli olmasi, yetistirme tekniginin farkli olmasi ve arastirmalarda
kullanilan gesitlerin farkli genetik yapida olmasi ile agiklanabilir.

SONUC VE ONERILER

Iki yil siirdiiriilen arastirmadan elde edilen sonuglar dogrultusunda, Kozan ilgesi ve benzer
ekolojik kosullarda kis doneminde kirag arazilerde, erozyonun dnlenmesi ve hayvancilik igletmelerinin
kaliteli kaba yem temini amaciyla Iskenderiye iiggiiliiniin yetistirilebilecegi, Efsane gesidinin Derya
cesidine gore daha diisiik kaliteli ot liretmesine karsilik yiiksek ot verimi vermesinden dolay1r Kozan
ilgesi ve benzer ekolojik kosullardaki hayvancilik igsletmelerine dnerilebilecegi sonucuna varilmistir.

Yazar Katkilar
Aragtirma Tasarimi (CRediT 1) Hasan Beytullah DONMEZ (%100)

Veri Toplama (CRediT 2) Hasan Beytullah DONMEZ (%100)

Arastirma - Veri Analizi - Dogrulama (CRediT 3-4-6-11) Hasan Beytullah DONMEZ (%100)
Makalenin Yazimi (CRediT 12-13) Hasan Beytullah DONMEZ (%100)

Metnin Tashihi ve Gelistirilmesi (CRediT 14) Hasan Beytullah DONMEZ (%100)

Finansman

Calisma herhangi bir finansal destek almamustir.

Cikar Catismasi
Cikar gatigmasi yoktur.

Siirdiiriilebilir Kalkinma Amaglari (SDG)

Desteklemiyor
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Article Info ABSTRACT

Pistachio (Pistacia vera L.) is a member of Anacardiceae family and the only cultural form of Pistacia
Received: 03.01.2024 species. P. vera is a dioecious species and there are a few hermaphrodite and monoecious flower nature
Accepted: 08.03.2024 within Pistacia. Breeding of the pistachio is quite a long process due to several limiting factors such as
Published: 28.06.2024 dioecious flower habitat, quite long juvenile period and alternate bearing. Recently, pistachio genomes have

been released with chromosomal level and genome size was about 600 Mb. In the current paper, Next
Generation Sequencing (NGS) data of Siirt cultivar has been analyzed to detect the impact of the ignoring

Keywords: duplicates during variant calling stage. About 5.2 Gb data was utilized for detection of the short InDels and
Duplicates, SNPs. The highest mapping rate was exhibited with 99.83% and about 35 million reads was aligned
Variant calling, successfully reference map. Mapping quality and read coverage depth filtering were carried out MQ>30
NGS, and DP>2, respectively. Totally, 7.18% of the reads represented duplicate reads (2.5 million reads). BAM
Pistachio, file without MarkDuplicates (MD) was generated a total of 1,022,161 SNPs and 124,762 InDels, BAM file

with MD produced a total of 1,050,788 SNPs and 128,109 InDels. Each VCF files were compared according
to positions. Same and different (reference allele same but different alternate alleles) variants at the same
positions were recorded separately. In addition, BAM file passing MD stage in variant calling were caused
the loss of a total of 42,413 true negative loci (TNL) and the getting of a total 10,439 false positive loci
(FPL). Therefore, MD is a significant phase of the variant calling all of the organisms and should be carried
out to eliminate of false positive loci. The results of the present study can be beneficial for detection of
the variants in the next breeding programs.

Genetic.

Antepfistig1 Yeni Nesil Sekans Verilerinde Varyant Belirleme Asamasinda Duplike Okumalar1 Belirlemenin Etkisi

Makale Bilgisi OZET

Antepfistig1 (Pistacia vera L.), Anacardiceae familyasinin bir {iyesi olup Pistacia cinsinin tek kiiltiirel

Gelis Tarihi: 03.01.2024 formudur. P. vera dioik bitki tiirlerinden biridir ve Pistacia cinsi i¢eridinde az sayida da olsa hermafrodit
Kabul Tarihi: 08.03.2024 ve monoik ¢igek yapisina sahip genotipler bulunmustur. Antepfistiginin 1slahi, dioik ¢igek yapisi, genglik
Yavin Tarihi: 28.06.2024 doneminin olduk¢a uzun olmasi ve periyodisite gostermesi gibi birgok sinirlayici faktorden dolay1 oldukga
y e uzun siirmektedir. Yakin zamanda kromozom diizeyinde antepfistigi genomlar1 yaymlanmig ve genom
buyiklugii yaklasik 600 Mb olarak bildirilmistir. Bu ¢aligmada, Siirt ¢esidine ait Yeni Nesil Dizileme

Anahtar Kelimeler: (NGS) verileri kullanilarak varyant belirleme asamasinda duplike okumalari belirlemenin etkisini tespit
Duplikeler, etmek amaciyla birgok biyoinformatik analiz yapilmistir. Kisa InDel’ler ve SNP’lerin tespiti igin yaklagik
Varyant belirleme, 5.2 Gb veri kullanilmistir. Yiizde 99.83 haritalama orani belirlenmis ve yaklasik 35 milyon okuma referans
NGS, genoma basariyla haritalanmistir. Haritalama kalitesi ve okuma derinligi filtrelemeleri sirastyla MQ>30 ve
Antepfistig1, DP>2 olarak gergeklesti'rilmistir. Tum okumalarln yiizde 7.18’i duplike okumalari (2.50 milyon)
Genetik. olusturmustur. MarkDuplicates (MD) islemi uygulanmayan BAM dosyas1 kullanilarak yapilan varyant

belirleme analizinde toplam 1,022,161 SNP ve 124,762 InDel, MD islemi gergeklestirilen BAM dosyasi
kullanilarak yapilan varyant belirleme analizi sonrasinda ise toplam 1,050,788 SNP ve 128,109 InDels
tespit edilmistir. Her iki VCF dosyasi genom pozisyonlarina gore karsilastirilmistir. Ayni pozisyonlardaki
ayn1 ve farkli (referans aleli ayni ancak farkli alternatif aleller) varyantlar saydirilmig ve ayr ayri
kaydedilmistir. Ayrica MD islemi yapilmayan BAM dosyasinin varyant belirleme islemlerinde, toplam
42,413 adet gergek negatif lokus (TNL) kaybina ve toplam 10,439 adet yanlis pozitif lokus (FPL) elde
edilmesine neden olmustur. Sonug olarak, MD tiim organizmalar i¢in varyant belirleme analizlerinin 6nemli
bir asamas1 olmakla birlikte yanlis pozitif lokuslarin ortadan kaldirilmasi i¢in de gergeklestirilmelidir. Elde
edilen bu sonuglarin, gelecekte yapilacak islah programlarinda varyant tespitinde faydali olabilecegi
diistiniilmektedir.
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INTRODUCTION

Pistachio takes place in the Anacardiceae family like sumac and cashew species, and the botanic
name of the pistachio is Pistacia vera L. (Karci et al., 2022). Pistachio is one of the hard-shelled nuts
and this species has an allogamy pollination nature like other several nuts such as walnut, hazelnut and
chestnut excluding almond (Vahdati ef al., 2021). It has a heterozygous genetic habitat due to its
dioecious character.

The highest pistachio producer countries were the USA, Iran and Turkiye according to the Food
and Agricultural Organization of the United Nations (FAO) in 2021 (FAOSTAT, 2023). Turkiye has
carried out 239,289 t (tons) pistachio in 2022, while 119,355 t production was recorded by Turkish
Statistical Institute in 2021.

In pistachio, there are several main limiting factors in breeding such as dioecious flower structure,
quite a long juvenile period and alternate bearing (Kafkas et al., 2006). Despite such limiting effects,
there was no breeding program with controlled hybridization in pistachio in Turkiye, although many
attempts were performed so far. In the last years, the first marker assisted breeding program in pistachio
was initiated by Kafkas et al. (2017). A huge number of male and female plants constructed by a total
of 56 combinations were sown to breeding field in this program. Approximately 10,000 male plants
were eliminated with RAD-seq sex markers detected by Kafkas ef al. (2015). This team also released
two chromosomal sequencing of the pistachio male and female genomes, and they have described three
genomic invertions into sex chromosome (chr14) using a total of 225 resequencing data belonging to
cultivars and genotypes (Kafkas ef al., 2023). The researchers stated that many markers associated with
agronomical traits can be developed using whole genome of the pistachio, and they would be beneficial
for marker assisted selection in pistachio breeding program to facilitate the time of the selection using
NGS technology. However, NGS is highly sensitive to technological errors, and the processing of NGS
data has become dependent on reliable bioinformatics tools. Thus, the novel bioinformatics and
biostatistics approaches are necessary for overcoming the limiting traits in plants.

Next-generation sequencing (NGS) has contributed to detect responsible genes related to diseases,
differentially expression genes, reveal the evolution of the species or genus with phylogenetic analysis,
perform quantitative trait loci (QTLs) and genome wide association studies (GWAS) analysis with SNP,
InDel and structural variants (duplications, translocation, long insertions/deletions, invertions, copy
number variants) and release de novo sequencing of minor crops (Houston et al., 2012; Vrijenhoek et
al., 2015). On the other hand, there are several challenging to study in NGS data such as different
genotyping methods, sequencing errors, the lengths of the reads, huge amount of storage problem and
novel innovative bioinformatics softwares (Chen et al., 2014). In addition, the sequenced duplicate reads
during the PCR amplification of the sequencing cause false positive variants pretending to be aligned to
the reference genome at a higher rate. Whereas these reads were due to duplicate reads carried out
multiple times DNA fragments.

A few popular and reliable programs such as SAMTools (Li et al, 2009) and Picard
(http://broadinstitute.github.io/picard/) remove and mark the duplicates in the BAM file, respectively.
SAMTools removes the PCR duplicates by identifying the paired end duplicate reads. It does not
recognize the duplicates except the paired end reads, and also does not notice reads mapped to different
chromosomes. Picard has MarkDuplicates option and does not remove the duplicates, it just works on
the paired reads like SAMTools. Comparing the SAMTools, Picard has a higher potential than
SAMTools by determination of the interchromosomal paired reads.

Here, we carried out the variant calling using the Picard MarkDuplicates option and without this
option. The comparison of the short indels and SNPs were recorded and discussed with number of loci
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each situation to reveal the effects of the marking duplicates in the course of calling.
MATERIALS AND METHODS

Material and Detection of the Variants

The clean reads (150bp) of Siirt cv. were downloaded from NCBI (National Center for
Biotechnology Information) with PRINA680201 ID number (Kafkas et al., 2023). The sequencing
coverage was calculated as 10x when about 600 Mb genome size was considered.

The reads mapped to the P. vera reference genome using BWA (v0.7.12) (Li and Durbin, 2009).
Then, the Sequence Alignment/Map (SAM/BAM) files were sorted and filtered the quality of the
mapping (Q30) using the SAMTOOLS (Li et al., 2009) software. The duplicated reads of the Siirt
cultivar were marked using the PICARD software (http://picard.sourceforge.net). Then, read coverage
depth was set DP>2 using the Bcftools in both VCEF files.

Bceftools v1.9 with ‘mpileup and call’ commands was used for the list of the variants format
(VCFFILE). Short InDels and SNPs were listed from BAM files. The marked duplicates and without
marked duplicates vcf files were compared using VCFtools program according to positions. In addition,
the genomic positions belonging to both vcf files were extracted for vef files. Both SNPs and InDels
specific to vcf file applied MD and without MD callings were recorded separately. Based on without
MD call was considered as “false positive variants”, and missing ones were evaluated “true negative
variants” using the in-house scripts. These variants were born from without MD call due to misalignment
of reads or sequence errors.

The constructed workflow for the variant detection was designed into bash script and final outputs
were evaluated in Linux operating system.

RESULTS AND DISCUSSIONS

Whole Genome Re-sequencing and Mapping Stats

Approximately 34.93 million reads data was utilized for detection of the short InDels and SNPs
by mapping the reference of the pistachio genome (Kafkas et al., 2023). The used NGS data had been
presented with findings of the pistachio genomes with PRINA680201 NCBI number. The lengths of
reads of paired-end was 150 bp and all of clean reads were aligned to reference sequences with a high
percentage (99.83%). A total of 34.87 million reads were filtered according to mapping quality threshold
(MQ>30). The remaining paired reads was saved as 25.94 million reads used for marking the duplicate
reads using option MarkDuplicates (MD) of Picard program. Before the comparison, the first step was
initiated with variant calling from 25.94 million reads without MD. Then, the same BAM file included
duplicates was processed to mark duplicates into sequences using Picard software. The marked
duplicates were 2.50 million reads and it was consisted of the 7.18% of the mapped sequences. Second
variant calling with MD was performed using rest of the 23.44 million reads. The comparison of the
variants was enjoyed with MD applied BAM and without MD BAM file, and results were detailed in
calling section. Karci and Kafkas (2022) investigated that genetic structure of the pistachio genotype
using the whole genome resequencing data and they stated that 77.1 million reads were mapped to
reference genome.

Detection of SNPs and InDels and comparison of the MD and without MD VCFs

In the current paper, variant calling was carried out in the pistachio cultivar Siirt using two
different approaches to evaluate the impact of the mark duplicates. Firstly, BAM file was just applied
Q30 mapping quality filter generated a total of 1,022,161 SNPs and 124,762 InDels, while the normal
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process with MD produced a total of 1,050,788 SNPs and 128,109 InDels (Table 1). Although there was
a significant difference of the variant numbers, the wave of the mutations was considered by
misalignment of the duplicate reads or errors of the sequencing. Since there was an option for difference
of the counts of SNP and InDels. In addition, the highest number of SNPs and InDels were determined
from Chrl1 with 102,580 and 11,803, respectively.

Table 1 Number of SNP and InDel Variants Detected in VCFs Filtered According to MO>30 +
MarkDuplicates and Only MO>30

Total
Chrs MQ>30 + MarkDuplicates Only MQ>30
SNPs InDels SNPs InDels
Chrl 79,017 10,452 77,117 10,213
Chr2 51,513 6,942 50,154 6,784
Chr3 88,479 10,836 86,008 10,558
Chr4 71,064 8,267 69,209 8,036
Chr5 54,372 6,591 52,912 6,409
Chr6 64,071 8,252 62,511 8,062
Chr7 64,250 7,691 62,360 7,454
Chr8 60,092 7,283 58,637 7,124
Chr9 75,654 9,411 73,900 9,215
Chr10 64,944 8,218 63,168 8,019
Chrll 102,580 11,803 99,638 11,522
Chrl12 62,855 6,848 60,872 6,669
Chrl13 71,966 8,526 69,710 8,111
Chr14 83,222 10,403 80,715 10,158
Chrl15 56,709 6,586 55,250 6,428

Each VCF file was compared based on variant positions and position-specific variants were saved
in other VCFs. Outputs of the comparison generated two type files such as the same variants at the same
positions, the different variants (reference allele same but different alternate alleles) at the same
positions and all of these variants were described as common variants at the same positions in both
VCFs. The number of variants of chromosomes of Siirt cultivar was given in Table 2. In the present
study, the same variants at the same positions were pretty reliable mutations, on the contrary of the
different variants at the same positions. Based on misalignment of the duplicates, a lot of false positive
loci (FPL) were defined, and the most abundant FPL was created from Chrl1 with four SNPs and 157
InDels. On the other hand, true negative loci (TNL) were missed owing to misalignment of the duplicates
like FPL. Therefore, it not only introduces the FPL, but also obstructs the TNL. The different variants
at the same positions Chrl were controlled using IGV program and its picture was shared in Figure 1.
Especially, it was estimated that such variants were corrected by marking duplicate reads and true
variants were identified.
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Table 2 Number of SNPs and InDels Mined from Common Variants at the Same Positions in Both VCFs

No. of common variants at the same positions in both VCFs

Chrs No. of the same variants at  No. of the different variants at Total (Same+Different)

the same positions the same positions

SNPs InDels SNPs InDels SNPs InDels
Chrl 76,477 9,883 5 136 76,482 10,019
Chr2 49,660 6,569 5 98 49,665 6,667
Chr3 85,384 10,233 2 149 85,386 10,382
Chr4 68,711 7,782 1 125 68,712 7,907
Chr5 52,462 6,193 2 99 52,464 6,292
Chr6 62,046 7,807 2 103 62,048 7,910
Chr7 61,797 7,210 5 100 61,802 7,310
Chr8 58,243 6,919 1 83 58,244 7,002
Chr9 73,443 8,942 1 122 73,444 9,064
Chr10 62,689 7,788 6 92 62,695 7,880
Chrll 98,763 11,153 4 157 98,767 11,310
Chr12 60,373 6,495 6 61 60,379 6,556
Chrl3 69,085 7,861 9 112 69,094 7,973
Chr14 79,960 9,840 1 143 79,961 9,983
Chrl5 54,784 6,203 5 94 54,789 6,297

Siirt_Q30 SR 4

Siirt_Q30_MD - :

Ref. Genome

Figure 1 Mark Duplicates before and after Illustration of the Siirt BAM Files Locus Specific Position
in IGV Program

Mark duplicates option is quite important for getting the TNL and eliminating the FPL. In the
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current finding, BAM file passing MD stage in variant calling were caused the loss of a total of 42,413
TNL and the getting of a total 10,439 FPL (Table 3). A total of 36,856 SNPs and 5,557 InDels were
TNL lost without MD, while the highest false positive SNPs and InDels were calculated as 871 and 212,
respectively. Loss of the TNL was found higher than FPL and the most abundant true negative SNP loci
was 3,813. Therefore, the impact of the MD was exhibited on the pistachio NGS data, which means that
true negative and false positive loci may be associated with polygenic complex agricultural important
traits and the loss of a number of loci was based on only bioinformatic or sequencing errors in this phase.
In caution, the standard workflow of bioinformatics should be followed without throwing any steps.

Table 3 Number of TNL and FPL of Siirt Cultivar
Absent in without MD and Presentin Absent in MD and Present in without

MD MD
Chrs (Loss of the TNL) (Get of the FPL)
SNPs InDels SNPs InDels

Chrl 2,535 433 635 194
Chr2 1,848 275 489 117
Chr3 3,093 454 622 176
Chr4 2,352 360 497 129
Chr5 1,908 299 448 117
Chr6 2,023 342 463 152
Chr7 2,448 381 558 144
Chr8 1,848 281 393 122
Chr9 2,210 347 456 151
Chr10 2,249 338 473 139
Chrl1 3,813 493 871 212
Chrl2 2,476 292 493 113
Chrl3 2,872 553 616 138
Chr14 3,261 420 754 175
Chrl5 1,920 289 461 131

PCR duplicate elimination constitutes a crucial step in nearly all next-generation sequencing
(NGS) variant calling pipelines. This process demands significant time and memory resources, leading
to the elimination of varying proportions of reads. The neglecting or discarding PCR duplicates entails
overlooking a portion of the generated sequence data. The predominant tools for PCR duplicate
marking/removal are Picard and SAMTools and a formal comparison between these two algorithms was
performed by Elbert ef al. (2016). The researchers aimed to detect program potential for removing or
ignoring duplicates utilizing Picard versus SAMTools. Although Picard had a pretty potential by
censoring duplicates matching inter-chromosomal reads, it has several disadvantages owing to memory
requirements and time. Nevertheless, this is not an insoluble reason not to prefer it.

In the realm of next-generation sequencing (NGS) variant calling pipelines, the elimination of
PCR duplicates is a widely endorsed practice (Palmer et al., 2023; Kafkas et al., 2023; Karc1 and Kafkas,
2022; Zhang et al., 2023). This operation is characterized by its resource-intensive nature in terms of
both time and memory (Elbert et al., 2023). The primary algorithm employed for PCR duplicate removal
is Picard in terms of its higher potential in working inter-chromosomal regions. Moreover, there exists
limited data assessing the necessity of PCR duplicate removal. The main aim of the current paper was

16



Impact of Mark Duplicate Reads During Variant Calling in Next Generation Sequencing (NGS) Data of Pistacia
vera L.

to reveal the meaningful impact of PCR duplicate marking on resultant variant datasets and to discern
any false positive in accuracy with Picard.

In another word, eliminating duplicate reads can notably decrease the count of mapped high-
quality reads, consequently reducing the average depth of coverage. However, removing duplicates can
also reduce read coverage depth, it is one of another possible effect of read depth filtering (Sims et al.,
2014).

Consequently, novel biotechnological and bioinformatic approaches and programs are being
developed in plant breeding, but the verification of the results of such innovations takes a long time for
plant species. Developed novel approaches have different detection methods to identify genes or
genomic fragments associated with important agronomic features of plant species. To date, a lot of
universal softwares have been developed and remain up to date for the determination of SNP, InDel, SV
and CNV loci. However, this process extends to many different populations of each plant species,
depending on the flowers, fruits/nuts, trees, leaves and the climatic conditions in which they are
cultivated. In order to shorten this period, it is necessary to carry out some comparisons or trials. A long
with this study, obtained results confirmed about the necessity of marking/removing duplicate reads.
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ABSTRACT

In this study, it was tried to determine the effects of different plant densities on yield and some
agricultural characteristics of some maize varieties. The experiment was conducted in Konya-
Karapnar conditions in 2015 and 2016. The experiment was set up in a randomized block split
plot design with 3 replications. In the study, 3 varieties (Pionner 0537, DKC 5783, KWS 6565)
widely cultivated in the region were used as the main subject. As a sub-topic, with fixed row
spacing (70 cm) 6 different row spacings (12, 14, 16, 18, 20, 22, 24 cm) and cross double row
(50x24) were used. The study consisted of a total of 63 plots, 3 types x7 row spacing x3
replications. As a result of the study, it was determined that different plant densities affected
grain yield and some agronomic traits in maize. It was observed that grain yield increased with
increasing plant density, but stem diameter decreased. It was observed that although the yield
was high especially in double row cross sowing, the stem diameter value was very low. This
situation causes lodging and crop losses especially in Konya region where strong winds are
observed at harvest time. From this point of view, row spacings of 14 and 16 cm were found to
be more suitable considering both yield and stem diameter. At the same time, it was observed
that the plant density was also affected by the yield according to the varieties, and it was seen
that upright-leaved varieties were more suitable for dense planting.

Farkh Sikhiklarda Yetistirilen Misir (Zea mays L.) Bitkisinde Tane Verimine Etki Eden

Baz1 Faktorlerin Degisimlerinin Belirlenmesi

Makale Bilgisi

Gelis Tarihi: 07.02.2024
Kabul Tarihi: 25.04.2024
Yayin Tarihi: 28.06.2024

Anahtar Kelimeler:
Mastr,

Bitki siklig1,

Tane verimi,

Konya.

OZET

Bu c¢alismada bazi musir ¢esitlerinde farkli bitki sikliklarinin verim ve bazi tarimsal 6zelliklere
etkileri belirlenmeye ¢alisilmistir. Deneme, Konya/Karapinar sartlarinda 2015/2016 yillarinda
yiiriitiilmistiir. Deneme tesadiif bloklarinda boliinmiis parseller deneme desenine gore 3
tekrarlamali olarak kurulmustur. Calismada bolgede yaygin olarak yetistirilen 3 ¢esit (Pionner
0537, DKC 5783, KWS 6565) ana uygulama olarak kullanilmistir. Alt uygulamalar olarak sabit
sira araligi (70 cm) ve 7 farkli sira aras1 (12, 14, 16, 18, 20, 22 cm) ve ¢apraz ¢ift sira (50x24)
kullanilmigtir. Calisma 3 cesit x 7 sira arast x 3 tekrar olmak {izere toplam 63 parselden
olusmustur. Calismada farkli bitki sikliklarinin tane verimi ve bazi tarimsal dzellikleri etkiledigi
belirlenmistir. Bitki siklig1 arttik¢a tane veriminin arttig1 fakat sap capinin azaldigi goriilmiistiir.
Ozellikle cift sira capraz ekimde verimin yiiksek olmasina ragmen sap ¢ap1 degerinin ¢ok diisiik
oldugu goriilmiistiir. Hem verim hem de sap kalinlig1 dikkate alinarak 14 ve 16 cm sira
araliklarinin daha uygun oldugu gériilmiistiir. Ayn1 zamanda bitki sikliklarinin cesitlere gore de
verimin etkiledigi goriilmiis olup, dik yaprakli cesitlerin sik ekime daha uygun oldugu
gOrillmiistiir.
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INTRODUCTION

Maize is among the most widely used plants worldwide in human nutrition and animal feeding.
Maize could accumulate high quantities of dry matter and store high quantity of energy in its structure
(Celik et al., 2008; Karadavut, et al., 2010a). It is one of the most preferred plants both in our country
and in the world due to its high grain yield per unit area and the use of its green parts (Siimbiil and Soylu,
2022). Inherently, based on available growing conditions, plant heights may reach to 2-3 meters and
number of kernels per cob may reach up to 750-800 (Kirtok, 1998). Potential uses of maize plants vary
from one country to another. While it is used as animal feed in some developed countries, it is used in
human nutrition in the other countries. In Tiirkiye, % of maize cultivation is used in human nutrition and
the rest is used in animal feeding (TUIK, 2019). Worldwide, maize is cultivated over 191 630 000
hectares and annual production is around 1 102 164 000 tons. Average yield per hectare is 5.75 tons. In
terms of maize cultivated lands of the world, China (22%), the USA (18%), Brasil (10%), India (5%)
and European Union Countries (5%) have the first five places. In Tiirkiye, maize is cultivated over 5
919 000 da land area, annual production is 5.900.000 tons and average yield is 963 kg/da. Top 10
provinces where corn is grown; Konya (19%), Adana (15%), Mardin (8%), Osmaniye (6%), Karaman
(5%), Sakarya (5%), Manisa (5%), Sanlurfa (4%), Diyarbakir (4%) and Kahramanmaras (4%), and
these provinces provide 75% of Tiirkiye corn production.

Maize is an important crop for Turkish farmers and constitutes a source of income for quite a
large portion of farmers. Maize is also a strategic crop in reduction of foreign dependency. However,
desired yield levels have not been achieved yet. Therefore, research on maize should focus on yield
increases. Agronomic studies focus on arrangement of row spacing and thus number of plants per unit
area to improve yield levels in maize cultivation. Besides parallel with the development of animal
husbandry in our country, the demand for maize is also increasing in order to meet the increasing feed
demand, and studies on the performance of newly developed maize varieties with different
characteristics should be carried out continuously (Erdurmus and Soylu, 2023). Plant density, of course,
vary based on cultivar characteristics, climate and soil conditions. Besides growing techniques, plant
density, fertilization and harvest like practices, maize yields are also largely influenced by regional
climate, financial conditions of the farmers and several other factors (Kirtok, 1998). On-row plant
spacing is among the most significant factors designating maize yield. It designates type of growth in
growing ambient, excessive density and infrequence negatively influence yield and quality (Daynard
and Muldoon, 1983; Palta et al., 2011).

Physiologically, maize is a C4 plant and able to use carbon dioxide, solar radiation and water
more efficiently than the C3 plants. Agronomic practices with a great impact on dry matter accumulation
should not be considered separately from irrigation water use efficiency (Karadavut et al., 2010a).
However, maize is quite sensitive to water stress to be encountered in any growth stages throughout the
growing season. Therefore, maize response to potential water stress is quite high (Goniilal and Soylu,
2019). Maize response to water deficits may vary based on growth stages (Cakir, 2004). The ideal
precipitation in maize farming is defined as between 500—1200 mm (Belfield and Brown, 2008). It is
expected that recent drought and increasing prospective droughts will greatly influence plant production.
Therefore, efficient water use programs should urgently be developed. In this sense, newly developed
cultivars are expected to have high water use efficiencies. Passioura and Angus (2010) defined irrigation
water use efficiency as the yield per unit of water consumption.

Cokkizgin (2002) pointed out that initially proper agronomic conditions should be provided to
increase yields in maize. Karadavut et al. (2010b) pointed out significance of number of plants per unit
area in growth and development of silage maize. Maize has a high physiological adaptation capability
and genotype x environment interactions should definitely be taken into consideration in regional

20



Determination of Changes in Some Factors Affecting Grain Yield in Maize (Zea mays L.) Crops Grown at
Different Densities

production planning (Karadavut and Akilli, 2012). Palta et a/. (2011) indicated that water and nitrogen
use efficiencies especially in cob formation and grain-fill stages designated maize yields. Konugkan and
Goziibenli (2001) pointed out that with increasing planting density, plant height and tassel flowering
time increased, while stem thickness and grain weight per cob decreased. It has been determined that as
plant density increases, single plant yield decreases, but the yield per unit area increases up to a certain
limit, and if the plant density is higher than normal, a decrease in yield is observed due to the presence
of cobless plants. Tas et al. (2016) reported that with increasing plant density, plant height and biomass
yield increased, but stem diameter decreased.

In this study, effects of different plant densities on yield and yield components of maize cultivars
commonly grown under irrigated conditions of Central Anatolia.

MATERIALS AND METHODS

The experiments were conducted over the experimental fields of Soil and Water Resources and
Combating Desertification Research Institute, Karapinar Erosion Research Center for two years in 2015
and 2016 maize growing seasons. Experiments were implemented in randomized blocks — split plots
experimental design with 3 replications. In present experiments, commonly grown 3 maize cultivars of
the region (Pionner 0537, DKC 5783, KWS 6565) were used as the main treatments and 6 different on-
row plant spacings (12, 14, 16, 18, 20, 22 cm) with a constant row spacing (70 cm) and (CDR) cross
double row (50*%24 cm) were used as sub-treatments. There were 63 plots (3 cultivars x 7 on-row plant
spacing x 3 replications). Amount of fertilizers to be applied throughout the vegetation period was
determined based on soil analysis results and fertilizers were applied as to complete the soil nutrients to
25 kg/da nitrogen, 8 kg/da phosphorus and potassium. All of the phosphorus fertilizer and 3 kg of
nitrogenous fertilizer in DAP (18-46) form were applied at sowing and remaining portion of nitrogenous
fertilizer was applied in portions through fertigation method of drip irrigation system. Experimental
fields were prepared for sowing through soil tillage with moldboard plow, rototiller and harrow. Sowing
was performed manually at 5 cm depth on 3rd of May in 2015 and 5th of May in 2016. Plot size was
2.80 x 5.00=14 m? at sowing and 1.40 x 3=4.2 m* at harvest considering the side effects (4 rows were
harvested from each plot).

Karapinar, where the study was carried out, has an arid and semi-arid climate (Armagan and Isik,
2022), long-term averages for climate parameters are provided in Table 3.2. Average temperature of
Karapinar town is 11.0°C with the greatest average temperature (22.8°C) in July and the lowest average
temperature (-0.7 °C) in January. Considering the growing season of maize, average temperature is
10.6°C in April, 15.4 °C in May, 19.6°C in June, 22.8°C in July, 22.1°C in August and 17.5 °C in
September. Long-term annual average temperature is 291.2 mm and 118.8 mm is falling during the
growing seasons of maize (April/September). In the first year of the study (2015), annual total
precipitation was 186.3 mm which was quite below the long-term average and 97 mm was falling
between April/September. In the second year (2016), annual total precipitation was 286.2 mm and 98.6
mm was falling between April/September. (Table 1).
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Table 1 Some Climate Data of Karapinar District where the Research was Conducted

Year Months January February March  April May June July August  September October Novomber October Ave./Total
Ave.Tem. (°C) -0,7 0,8 5,1 10,6 15,4 19,6 22,8 22,1 17,5 11,6 55 1,5 11
;:;i Max.Tem.(°C) 13,9 16 21,4 26,9 30,5 34 36,6 36,5 33,1 28,8 20,8 15,2 26,1
12906135_ Min.Tem..(°C)  -15,5 -159 -10,5 -39 0,9 5,6 8,9 7.9 2,0 -33 -9,0 -14,0 -39
Rain (mm) 29,9 27,1 27,2 359 354 25,3 8 4,1 10,1 23,6 274 37,2 291,2
Ave.Tem. (°C) 0,7 2,8 6,6 8,6 15,4 16,6 23 23,4 20,6 13,8 5.4 -2,6 11,2
2015 Max.Tem.(°C) 16,1 18,6 21,6 25,8 31,6 28,8 37 35,1 359 37,2 18 73 253
Min.Tem..(°C)  -20,3 -16,7 -8,5 -8,4 0,7 6,2 7,7 9,2 5,6 0,5 -14.4 -13,5 -4,3
Rain (mm) 13,2 249 454 16,6 28 46,4 0 52 0,8 3,6 1.6 0,6 186,3
Ave.Tem. (°C) 0,2 6,5 7,7 14,2 16 21,8 24 244 17,4 13,1 4,9 -2,3 12,3
2016  Max.Tem.(°C) 16,3 21,4 253 28,1 30,7 35 37,8 36,3 32,0 28,2 21,8 9,4 26,9
Min.Tem..(°C) 19,2 -10 -7,4 -1,9 3 7,7 9,9 11,1 5,1 2,1 -7,6 -17,6 1,1
Rain (mm) 40,8 7,2 34,4 8,1 27,7 25 8 3.4 26,4 0,4 4.8 100 286,2

Climate data were taken from Konya Soil, Water and Deserting Control Research Institute

Soil samples were taken from 0 — 30 cm soil profile of experimental fields. Experimental soils
were sandy-clay-loam (SCL) in texture at 0 — 30 cm soil layer, which was prone to erosion and clay (C)
after 30 cm depth. Soil bulk density was 1.37 g/cm?® in upper layer and 1.22 g/cm® in lower layer. Soil
infiltration rate was measured as 10 mm/h. Soils were poor in organic matter, high in lime content. Soil
pH values varied between 7.8—8.2 and there was no salinity problem (Table 2).

Table 2 Analysis Results of Some Soil Characteristics of the Research Site

g |z o 5 s <+ f 3 3
Elg g e 5 8 8 93 . £ £ 5.3 %
= -] - > >3 e o O a < Q o X = <
12 5 & 2 2 & &3 SO L S
a | ° < 5 N B V)
> o
0-30 58,1 228 19,1 SCL 20 9,6 1,37 7,8 0,42 33,5 1,3 14,5 33
30-60 |30,1 203 49,6 C 24,5 12,6 1,30 8,1 0,45 28,7 1,1 5,7 26
60-90 16,0 244 59,6 C 28 15,4 1,22 8,2 0,44 29,4 0,6 2,6 24

Konya Soil, Water and Deserting Control Research Institute Laboratory

Irrigations were performed through drip irrigation system. Amount of applied irrigation water
was measured as 690 mm in 2015 and 680 mm in 2016. Following the physiological maturity, kernel
harvest was performed manually on 25th of October in 2015 and 1st of November in 2016. Plot yields
were corrected based on 15% moisture content and yield per decare was calculated (Goniilal and Soylu,
2020). Besides kernel yield, cob diameter, plant height, number of kernels per cob, kernel weight per
cob, thousand-kernel weight, cob height and lead angle parameters were also investigated. The methods
specified in Anderson et al. (1984), Eichelberger et al. (1989) and Goniilal and Soylu (2019) were used
in analysis of investigated parameters. Irrigation water use efficiency (IWUE) was calculated with the
use of Equation 1 (Howell et al., 1990):
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IWUE:Y/I(1)

where;
kg
IWUE: Irrigation water use ef ficiency r(ril_frln ,

Y: Kernel yield (kg da — 1),
I: Irrigation water quantity (mm)

Statistical analyses were conducted with the use of MINITAB 18 statistical analysis software.
Analysis of variance was conducted to determine the significance of differences between the treatments
and between the cultivars. Significant means were compared with the use of LSD test to identify which
treatment or treatments, cultivar or cultivars resulted in such differences in significant treatments and
cultivars. Pearson correlation analysis was conducted to identify the relationships between the
investigated parameters.

RESULT AND DISCUSSION

Yields at 7 different sowing densities are provided in Table 3. As can be inferred from the table,
significant differences were not observed in yields of the cultivars. On the other hand, sowing density
treatments significantly influenced the yields. The greatest yield (1765.3 kg da') was obtained from
cross double row (CDR), it was followed by 12 cm spacing (1663.8 kg da™') and the lowest yield (1024.3
kg da™') was obtained from 22 cm spacing. Cultivar x density interactions were found to be significant.
In terms of the yields of interactions, the greatest value (1779.6 kg da') was obtained from CDR of
Pionner 0537 cultivar, followed by CDR of DKC 5783 cultivar (1779.3 kg da™). Plants got into
competition for light with increasing densities. Plants then had taller heights accordingly. Kirilmaz and
Marakoglu (2018), reported that the highest grain yield was double row with 2233 kg da™' and the lowest
grain yield from 16 planting density with 1526 kg da™'. Present findings comply with the results of,
Ogunlela et al. (1988), Aydin (1991), Sezer and Yanbeyi (1997) reporting increasing plant heights with
increasing sowing densities. Russsel and Balko (1980), Goziibenli (1997), Simenov and Tsankova
(1990), Kaplan and Aktas (1993), Uslu ve Karaaltin (1999) and Cokkizgin (2002) indicated that
agronomic practices were not solely sufficient in yield increases, sufficient nutrient supply should also
be provided for yield increases.

Table 3 Cultivar, Density and Cultivar x Density Interactions for Yield (kg da”)

. Cultivars
Density
Pionner 0537 KWS 6565 DKC 5783 Density means
12 1684.2 b 1660.7 b 1646.4 b 1663.8 AB
14 1681.9b 15474 ¢ 1628.6 b 1619.3B
16 1397.2d 15204 ¢ 1493.8 ¢ 14704 C
18 12152 ¢ 1257.1¢ 1258.8 ¢ 1243.7 D
20 11205 f 1204.6 g 12125 ¢g 1179.2D
22 985.81 1081.8h 1005.4 1024.3D
CDR 1779.6 a 1737.0 a 1779.3 a 1765.3 A
Cultivar 1409.2 A 1429.8 A 1432.1 A
means

CDR: Crosss double row (50*%24 cm)  * significance at p<0.05 level
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1000 grain weight of the cultivars at different sowing densities are provided in Table 4.
Differences in thousand-kernel weights of the cultivars were not found to be significant. The greatest
thousand-kernel weight (268.91 g) was obtained from Pionner 0537 cultivar, respectively followed by
KWS 6565 cultivar (265.61 g) and DKC 5783 cultivar (256.05 g). However, significant differences were
observed in 1000 grain weight at different sowing densities. The greatest 1000 grain weight (281.74 g)
was obtained from 22 cm spacing, followed by 20 cm spacing (276.23 g). The lowest value (224.9 g)
was obtained from 12 cm spacing. For 1000 grain weight, cultivar x density interactions were found to
be significant. The greatest value (302.7 g) was obtained from 20 cm spacing of KWS 6565 cultivar and
the lowest (211.5 g) from 12 cm spacing of DKC 5783 cultivar. Significance of cultivar x density
interaction was resulted from the changing number of plants per unit area with changing density and
resultant effects of such changes on physiological development accordingly. According to present
findings, ideal on-row plant spacing was identified as 20 cm for KWS 6565 cultivar, 14 cm for Pionner
0537 cultivar and 18 cm for DKC 5783 cultivar. Tas (2010) investigated the effect of different row
spacing (10, 14, 18, 22, 26 cm) on yield and factors affecting yield in Harran Plain conditions and
reported that cob length, cob diameter, cob weight and thousand grain weight decreased as plant density
increased.

Table 4 Cultivar, Density and Cultivar x Density Interactions for Yield (kg da”')

. Cultivars
Density )
Pionner 0537 KWS 6565 DKC 5783 Density means
12 2374 ¢ 2259 ef 211.5fF 2249 B
14 285.9 ab 245.2 de 2499 cde 260.3 AB
16 269.8 be 2904 a 261.9c¢ 2740 A
18 260.6 ¢ 269.6 be 278.7b 269.9 A
20 269.4 be 302.7 a 258.1 ¢ 276.23 A
22 2813 b 286.9 ab 277.1b 281.74 A
CDR 278.0b 238.6 ¢ 2552 cd 257.9 AB
Cultivar 268.91 A 265.61 A 256.05 A
means

CDR: Crosss double row (50*%24 cm)  * significance at p<0.05 level

In terms of kernel weight per cob, cultivars, densities, cultivar x density interactions were found
to be significant. In terms of kernel weight per cob of cultivars, the greatest value (179.61 g/cob) was
obtained from KWS 6565 cultivar and the lowest value (168.63 g/cob) from Pionner 0537 cultivar
(Table 5). In terms of sowing densities, the greatest value (192.4 g/cob) was obtained from 22 cm
spacing, it was followed by 20 cm spacing (185.6 g/cob) and the lowest value (152.9 g/cob) was obtained
from 12 cm spacing. In terms of cultivar x density interactions, the greatest value (201.9 g/cob) was
obtained from 22 cm spacing of KWS 6565 cultivar and the lowest value (151.5 g/cob) was obtained
from 12 cm spacing of KWS 6565 cultivar. Kernel weight per cob decreased with decreasing on-row
plant spacings. In this sense, it could be stated that decreasing plant spacings hindered cob development.
Especially at dense sowings, plants are not able to get sufficient light and wind and together with the
other environmental factors, plants get into competition and such competitions hinder physiological
development of the plants. Goziibenli (1997), Nimje and Seth (1988), Hutchinson et al. (1988) and
Cokkizgin (2002) indicated that density did not have significant effects on cob characteristics in cases
where sufficient nutrient supply was not provided, but reduction of on-row plant spacing might be
effective in yield increases provided that sufficient nutrient supply was provided. Present findings in
this sense comply with those earlier ones.
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Table 5 Cultivar, Density and Cultivar x Density Interactions for Kernel Weight Per Cob (g)

] Cultivars
Density -
Pionner 0537 KWS 6565 DKC 5783 Density means

12 155.6 d 151.5d 151.6d 152.9 D
14 185.1b 166.9 cd 182.5 be 176.9 BC
16 170.9 ¢ 191.9 ab 189.0 b 183.9 AB
18 1719 ¢ 177.2 be 186.7 b 178.6 ABC
20 1735 ¢ 186.7 b 196.7 a 185.6 AB
22 182.5 be 201.9 a 196.7 a 192.4 A

CDR 1713 ¢ 164.8 cd 1715¢ 169.2 C

Cultivar 168.63 B 179.61 A 174.60 AB
means

CDR: Crosss double row (50%24 cm) * significance at p<0.05 level

In terms of number of kernel per cob, cultivars and cultivar x density interactions were found to
be significant, but density treatments were not found to be significant. Differences in number of kernels
per cob of the cultivars were significant. The greatest number of kernels per cob (746.3) was obtained
from DKC 5783 cultivar and the lowest (685.3) from Pionner 0537 cultivar. On-row plant spacings did
not have significant effects on number of kernels per cob. The greatest value (722.6) was obtained from
22 cm spacing and the lowest (699.7) from CDR (Table 6). In terms of the number of kernels per cob of
the interactions, the greatest value (806.2) was obtained from 20 cm spacing of DKC 5783 cultivar, it
was followed by 16 cm spacing of DKC 5783 cultivar (762.7) and the lowest value (654.4) was obtained
from 20 cm spacing of KWS 6565 cultivar. Present findings revealed that cultivar response varied with
the densities probably because of genotypic characteristics of the cultivars. Each genotype should be
supplied with ideal environmental conditions identified in breeding programs. A successful practice is
only possible with the supply of desired requirements. Farmers should be informed about this issue and
ideal or close to ideal conditions should be supplied. Supporting present findings, Lemcoff and Loomis
(1986), Nimje and Seth (1988), Kaplan and Aktas (1993), Paradkar and Sharma (1993) and Tiifek¢i and
Karaltin (2001) reported a fair amount of increase in number of kernels per cob with increasing densities,
but indicated that without fertilization, it would be impossible to achieve high increases. Researchers
indicated thsaglamat nitrogenous fertilizers increased number of kernels per cob and on-row plant
spacing was not alone sufficient to increase number of kernels per cob.

Table 6 Cultivar, Density and Cultivar x Density Interactions for Number of Kernels Per Cob

. Cultivars
Density -
Pionner 0537 KWS 6565 DKC 5783 Density means
12 695.6 cd 712.7 d 7442 be 7175 A
14 684.7 de 726.0 ¢ 758.0 b 722.9 A
16 684.7 de 706.7 cd 762.7b 718.0 A
18 703.6 cd 695.3 cd 709.1 cd 702.7 A
20 683.1 de 654.4 de 806.2 a 714.6 A
22 688.9 d 745.1b 734.0 be 722.6 A
CDR 656.5 de 732.5 be 710.2 cd 699.7 A
Cultivar 685.3 B 710.4 AB 746.3 A
means

Density and Cultivar x density interactions are not significant, CDR: Crosss double row (50*24 cm)
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For stem diameters, density and cultivar x density interactions were found to be significant, but
cultivars were not found to be significant (Table 7). The greatest stem diameter (29.2 mm) was obtained
from KWS 6565 cultivar and the lowest (27,6 mm) from DKC 5783 cultivar. In terms of on-row plant
spacing (density), the greatest value (32.8 mm) was obtained from 22 cm spacing and the lowest (24.1
mm) from CDR. For cultivar x density interactions, the greatest value (35.5 mm) was obtained from 22
cm spacing of KWS 6565 cultivar and the lowest (23.3 mm) from CDR of KWS 6565 cultivar. Generally
increasing stem diameters were observed with increasing on-row plant spacings. It is an expected case
since plants get into more competition for light and nutrients as the on-row plant spacings decreased.
Plants try to increase their heights to compete, thus stem diameter decreased as the plant height
increased. Stem diameters changes with the spacings. Especially in sparse sowing, plants had more
available growth ambient, thus exhibited faster growth. Stem diameters therefore increased in plants not
getting into competition. Eskandarnejad et al. (2013) reported that double row planting increased grain
yield and the amount of grain per cob, but the cob length and stem diameter reduced. Present findings
on stem diameters comply with the findings of Dostolek and Hruska (1985), Aydm (1991), Oktem
(1996) and Uslu and Karaltin (1999).

Table 7 Cultivar, Density and Cultivar x Density Interactions for Stem Diameter (mm)

. Cultivars
Density -
Pionner 0537 KWS 6565 DKC 5783 Density means
12 25.7 cd 27.9 be 24.6 cd 26.0 C
14 26.6 be 27.9 be 28.1b 27.5BC
16 26.2 bed 28.7 ab 27.3 be 27.4BC
18 2982 3024 28.6 ab 2958
20 29.1 ab 313a 30.8a 30.4 AB
22 324 a 355a 304 a 328 A
CDR 24.9 ab 23.3 be 24.0b 24.1 BC
Cultivar 27.8 A 29.2 A 27.6 A
means

CDR: Crosss double row (50%24 cm)  * significance at p<0.05 level

The differences in plant heights of the cultivars were not found to be significant (Table 8). The
greatest plant height (264.9 cm) was obtained from Pionner 0537 cultivar and the lowest (257.0 cm)
from KWS 6565 cultivar. Significant differences were observed in plant heights of densities. The
greatest value (284.1 cm) was obtained from CDR, it was followed by 22 c¢cm spacing (265.0 cm) and
the lowest (265.0 cm) values (251.6 cm) was obtained from 20 cm spacing. However, plant heights at
20 cm spacing were not significantly different from the plant heights at 12, 14, 16 and 18 cm spacings.
It was expected herein that plants should have taller heights at denser sowings. However, limited number
of irrigations and soil nutrients result in significant competitive losses in plant especially in dense
sowings. Dense sowing put the plants into a competition for sunlight, then taller plants are encountered.
Present findings comply with the results of, Ogunlela et al. (1988), Aydin (1991), Sezer and Yanbeyi
(1997), Ozata et al. (2016) and Bayram (2017) indicating taller plants with increasing densities.
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Table 8 Cultivar, Density and Cultivar x Density Interactions for Plant Height (cm)

. Cultivars
Density -
Pionner 0537 KWS 6565 DKC 5783 Density means
12 258.8 be 256.9 be 255.9 be 256.2 BC
14 262.1b 255.1 be 253.1 be 255.4 BC
16 261.9 b 255.1 be 253.6 be 256.9 BC
18 253.6 be 248.8 ¢ 258.6 be 253.6 BC
20 251.1 be 250.8 ¢ 248.8 ¢ 251.6 C
22 267.8b 260.7 b 266.7 b 265.0 B
CDR 295.6 a 275.7 ab 281.1a 284.1 A
Cultivar 264.9 A 257.0 A 259.7 A
means

CDR: Crosss double row (50*%24 cm) * significance at p<0.05 level

Cob heights were influenced by plant height. Increasing cob heights are encountered with
increasing plant heights. Cob heights of the experimental treatments are provided in Table 9. In terms
of cob heights, cultivars, densities and cultivar x density interactions were all found to be significant.
For cob heights of the cultivars, the greatest value (104.3 cm) was obtained from DKC 5783 cultivar
and the lowest (81.6 cm) from KWS 6565 cultivar. In terms of on-row plant spacings, the greatest cob
height (116.4 cm) was obtained from CDR and the lowest (78.9 cm) from 20 cm spacing. For
interactions, the greatest value (123.3 cm) was obtained from CDR of Pionner 0537 cultivar and the
lowest (62.1 cm) from 18 cm spacing of KWS 6565 cultivar. In terms of cob height, 12 cm spacing was
remarkable. Plant, trying to increase plant height, also try to increase cob heights. The first cob height
of the experimental treatments varied between 50.1-98.6 cm. Present findings on cob heights comply
with the findings of previous studies (Ulger et al., 1986; Goziibenli, 1997; Sezer and Yanbeyi, 1997;
Uslu ve Karaaltin, 1999; Cokkizgin 2002). Increasing number of plants per unit area resulted in having
greater cob heights. The first cob heights increased parallel to increasing plant heights.

Table 9 Cultivar, Density and Cultivar x Density Interactions for Cob Height (cm)

] Cultivars
Density -
Pionner 0537 KWS 6565 DKC 5783 Density means
12 104.2 ab 94.7 ¢ 1159 a 104.9 AB
14 98.7 be 89.0 cd 103.1 ab 96.9 BC
16 100.8 be 86.7 cd 103.0 abc 96.8 BCD
18 87.8 cd 62.1e 101.8 abc 83.9CD
20 84.8d 94.764.1 87.8 cd 789D
22 91.1 cd 693 e 98.1 be 86.2 CD
CDR 1233 a 105.4 ab 120.6 a 116.4 A
Cultivar 98.7 A 81.6 B 104.3 A
means

CDR: Crosss double row (50*24 cm) * significance at p<0.05 level

Leaf growth and development designate plant growth and development. Position of leaves, the
primary source of photosynthesis, may influence photosynthetic activity. Photosynthesis ability
decreases in leaves developing perpendicular to the light and increases in leaves developing horizontal
to light. In present study, leaf angles were tried to be identified. Resultant values are provided in Table
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10. In terms of leaf angles, on-row plant spacings were not found to be significant, but cultivar x density
interactions were found to be significant. The greatest leaf angle (61.51 °C) was observed in Pionner
0537 cultivar and the lowest (55.41 °C) in KWS 6565 cultivar. Therefore, it could be stated that KWS
6565 cultivar had less photosynthesis potential than the other two cultivars. For on-row plant spacings,
the greatest leaf angle (63.4 °C) was obtained from CDR and the lowest value (54.9 °C) was obtained
from 18 cm spacing. Similar findings were also reported by Saglamtimur et al. (1989) and Swason and
Zuber (1996). Supporting present findings, Saruhan and Sireli (2005) and Bahadur et al. (1999) reported
decreasing number of leaves with increasing plant densities. Decrease in number of leaves then changed
leaf angles based on plant density and solar radiation. Contrary to present findings, Emeklier and Kiin
(1988) reported increasing number of leaves with increasing plant densities. Such differences were
attributed to genotypes and ecological conditions effective throughout the growing season.

Table 10 Cultivar, Density and Cultivar x Density Interactions for Leaf Angle

) Cultivars
Density )
Pionner 0537 KWS 6565 DKC 5783 Density means
12 623 a 55.7 ab 59.8 ab 59.26 A
14 6l3a 55.1b 623 a 59.57 A
16 62.1a 55.8 ab 59.8 ab 59.23 A
18 60.8 a 549b 61.6a 59.10 A
20 60.8 a 55.1b 62.1a 59.33 A
22 59.8 ab 55.0b 6l.6a 58.80 A
CDR 63.4a 56.5 ab 60.7 a 60.21 A
Cultivar 61.51 A 55.41 B 61.13 A
means

CDR: Crosss double row (50%24 cm)  * significance at p<<0.05 level

In terms of irrigation water use efficiencies, cultivars were not found to be significant, but on-row
plant spacings and cultivar x spacing interactions were found to be significant. Irrigation water
efficiencies of the cultivars were quite close to each other. The greatest value (2.30 kg/da/mm) was
obtained from KWS 6565 cultivar and the lowest (2.27 kg/da/mm) from Pionner 0537 cultivar. In terms
of on-row plant spacings, the greatest value (2.87 kg/da/mm) was obtained from CDR and the lowest
(1.63 kg/da/mm) from 22 cm spacing (Table 11). On-row plant spacings slightly influenced irrigation
water efficiencies. Since irrigation water efficiency is directly related to physiology of the cultivars, it
could be stated that on-row plant spacings had limited effects on physiological processes. Considering
the interactions, the greatest value (2.9 kg/da/mm) was observed in Pionner 0537 and DKC 5783
cultivars and the lowest value (1.6 kg/da/mm) was observed in 22 cm spacing of the same cultivars.
Caldwell et al. (1994) reported water consumption of drip-irrigated maize plants as between 746—-801
mm, Uzunoglu (1991) reported the same values as between 440—-809 mm.

There were significant negative correlations between yield and kernel weight per cob (r=-
0,464**) and between yield and stem diameter (r=-587*%*). There were significant positive correlations
between yield and plant height (»=0,332**) and between yield and cob height (»=0,609**). However,
the correlations between thousand-kernel weight and kernel weight per cob were quite remarkable.
Thousand-kernel weight and kernel weight per cob had significant negative correlations with irrigation
water use efficiencies. In other words, decreasing kernel yields and weights were observed with
increasing irrigation water use efficiencies. As expected, there were significant positive correlations
between plant height and cob height (#=0,569%%*).
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Table 11 Cultivar, Density and Cultivar x Density Interactions for Irrigation Water Use Efficiency
(IWUE)

. Cultivars
Density )
Pionner 0537 KWS 6565 DKC 5783 Density means
12 2.7 a 2.7 a 2.6 ab 2.67 AB
14 2.7 a 2.6 ab 2.6 ab 2.59B
16 2.2 bc 24b 24b 2.33C
18 2.0 be 2.0 be 2.0 be 2.00D
20 1.8 bed 1.9 be 1.9 be 1.87D
22 1.6 cd 1.7 bed 1.6 cd 163 E
CDR 29a 2.8a 29a 2.87 A
Cultivar 227 A 230 A 2,29 A
means

CDR: Crosss double row (50*24 cm)

CONCLUSION

In Turkey, maize farming is practiced in irrigated lands. In arid and semi-arid climate zones,
insufficient precipitation or irregular distribution of the precipitations may put maize farming into
trouble. Therefore, irrigation designate the yields in maize farming. Despite increasing significance of
irrigation, water resources used in agriculture are continuously decreasing, but demands for irrigation
water in arid and semi-arid regions are also increasing. Irrigation water use efficiencies thus should be
improved for high yields. In this sense, the balance between plant water consumption and dry matter
production should be well-established in irrigation practices.

Besides sufficient supply of water requirement, efficient use of water is also a significant issue in
maize farming. Therefore, efficient water using cultivars should be selected and agronomic practices
facilitating efficient water use should be performed. The primary objective of the present study was to
identify the best cultivar and on-row plant spacing for efficient water use in maize farming. Present
findings revealed that cultivars did not exhibit significant differences in irrigation water use efficiencies,
but significant differences were observed in irrigation water use efficiencies at different on-row plant
spacings. The most appropriate on-row plant spacing was identified as CDR. However, method of
irrigation is more effective than irrigation water quantity in identification of irrigation water use
efficiency. Therefore, irrigation water use efficiencies of flooding, sprinkler or drip irrigation methods
should be taken into consideration.

As a result of the study, it was determined that different plant densities affected grain yield and
some agronomic traits in maize. It was observed that grain yield increased with increasing plant density
but stem diameter decreased. It was observed that although the yield was high especially in double row
cross sowing, the stem diameter value was very low. This situation causes lodging and crop losses
especially in Konya region where strong winds are observed at harvest time.

From this point of view, row spacings of 14 and 16 cm were found to be more suitable considering
both yield and stem diameter. At the same time, it was observed that the plant density was also affected
by the yield according to the Cultivars, and it was seen that upright-leaved Cultivars were more suitable
for dense planting
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This study was conducted on 693 lambs born between 2019 and 2021 in an Akkaraman sheep
farming registered with the 'National Small Ruminant Breeding Project' in Cankir1 Province. The
study aimed to investigate the distribution of lamb births throughout the day and the relationship
between birth times and lamb sex, birth type, birth year, and lamb mortality at birth. For this
purpose, the 24 hours of the day were divided into four equal segments of six hours each: 1. night
(00:01-06:00), 2. morning (06:01-12:00), 3. afternoon (12:01-18:00), and 4. evening (18:01-
00:00). Lamb births occurred most frequently at night, accounting for 39%, followed by morning
(23.1%), evening (20.2%), and afternoon (17.7%). It was observed that lamb births were highest
during the night for both female (42.8%) and male (35%) lambs, as well as for single (42.0%) and
twin (30.9%) births. It was noted that births in 2019 (42.0%) and 2020 (30.9%) occurred most
frequently during the night, while in 2021 (29.4%), they occurred most frequently in the evening.
The highest rate of lamb mortality at birth was observed during the afternoon hours (4.1%).
According to the Chi-square (¥2) analysis results, the effect of birth type (P=0.023) and birth year
(P=0.001) was significant, while the effect of gender and lamb mortality at birth was found to be
not significant. The study indicates that lamb births in Akkaraman sheep are concentrated during
the night, providing an opportunity for farmers to be prepared during birth, and to increase lamb
health and farm productivity.

Akkaraman Koyunlarinda Giiniin Saatlerine Gore Dogumlarinin Dagilim

Makale Bilgisi

OZET
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Anahtar Kelimeler:
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Dogumlarin dagilimu,
Dogum tipi,

Cinsiyet

Bu c¢alisma, Cankir1 ilinde "Ulkesel Kiigiikbas Hayvan Islah1 Projesi"ne kayitli bulunan bir
Akkaraman koyunculuk isletmesinde 2019-2021 yillarinda dogan 693 kuzu iizerinde
gerceklestirilmistir. Calismada koyunlarin dogumlarinin giin igindeki dagilimmi ve dogum
saatlerinin kuzu cinsiyeti, dogum tipi, dogum y1li ve dogum aninda kuzu 6limlerini arastirilmas:
amaglanmistir. Bu amagla giiniin 24 saatlik zaman dilimi 1. gece (00:01-06:00), 2. sabah (06:01-
12:00), 3. 6gle (12:01-18:00) ve 4. aksam (18:01-00:00) olmak {izere altisar saatlik 4 esit dilimi
bolinmistiir. Kuzu dogumlar1 en yogun olarak %39 oranla gece saatlerinde gergeklestigi, bunu
sirastyla sabah (%23.1), aksam (%20.2) ve 6gle saat dilimleri (%17.7) takip etmistir. Cinsiyete
gore disi (%42.8) ve erkek (%35) dogan kuzular ile dogum tipine gore tekiz (%42.0) ve ikiz
(%30.9) dogan kuzularin dogumlarinin gece saatlerinde en yiiksek olarak gerceklestigi tespit
edilmistir. 2019 (%42.0) ve 2020 (%30.9) yillarinda dogan kuzularm dogumlarinin gece
saatlerinde 2021 yilinda (%29.4) ise aksam saatlerinde en yiiksek olarak gergeklestigi
gozlemlenmistir. Dogum aninda kuzu 6lim oranlarinin 6gle saat dilimlerinde %4.1 ile en yiiksek
oranda oldugu tespit edilmistir. Ki-kare (x*) analizi sonuglarina gére dogum tipi (P=0.023) ve
dogum yilinin (P=0.001) etkisi 6nemli, cinsiyet ve kuzu 6limlerinin etkisi 6nemsiz bulunmustur.
Arastirma, Akkaraman koyunlarinda dogumlarin gece saatlerinde yogunlastigini gostermekte
olup, bu bilgiler yetistiricilerin dogum zamaninda hazir olma, kuzularin sagligini ve isletmenin
verimliligini artirma firsat1 sundugunu gostermektedir.
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INTRODUCTION

Sheep farming is closely associated with the utilization of marginal pasture and fallow lands
worldwide, which are essential in various aspects such as nutrition, employment, rural development,
and sociology. Sheep receive more attention compared to cattle due to their shorter gestation period,
higher twinning rates, lower age at slaughter, and better utilization capacity of roughage (Uysal et al.,
2024). Sheep farming constitutes a significant part of the livestock sector in Turkey, with sheep
accounting for approximately 60% of domesticated animals (FAOSTAT, 2023). The majority of sheep
raised in Tiirkiye consist of native breeds, with the Akkaraman sheep breed, which accounts for 40-45%
of small ruminant stock, being most prevalent in Central Anatolia (Sahin, 2023; Sakar, 2024).
Akkaraman sheep are a fat-tailed breed raised for meat and milk production, adapted to the harsh
climatic conditions of the region. Typically, Akkaraman sheep graze on pastures during the spring and
autumn months and utilise stubbles during the summer months (Sakar and Unal, 2021).

Animal-derived foods play a significant role in human nutrition as they contain essential proteins,
vitamins, and minerals necessary for human health (Oyan et al., 2024). Therefore, considering
reproductive behaviors in sheep, it is important to enhance fertility and support the healthy lives of
offspring after birth. Providing appropriate conditions immediately after birth reduces lamb losses,
preserves the health of offspring, and minimizes stress and confusion during the first hours after birth
(Oztiirk, 2012). Unlike wild animals, the daily distribution of the birthing process in domestic animals
can be influenced by both environmental factors and husbandry practices (Darwish and Abou-Ismail,
2017).

In various sheep breeds and rearing systems, lambing times have been reported to concentrate at
different times of the day in some literature reports: Ziilkadir and Karabacak (2013) and Biiyiiktekin et
al. (2015) reported concentration during nighttime, Sahin (2023) during morning hours, Aleksiev (2007)
during midday, Karabacak et al. (2012) and Oztiirk (2012) during evening hours, Karabacak et al. (2015)
and Darwish and Abou-Ismail (2017) during the dark hours of the day. Such research can contribute to
optimizing the time required for herd management throughout the day and reducing the necessary
manpower during lambing periods (Aleksiev, 2007).

This study aims to examine the distribution of lamb births throughout the day and the relationship
between birth times and lamb sex, birth type, and birth year in Akkaraman sheep. Additionally, the study
aims to determine the distribution of lamb mortality at birth throughout the day and evaluate the potential
benefits of this information for lambing management and farm productivity in sheep farming.

MATERIALS AND METHODS

The animal material for this study consisted of the Akkaraman sheep breed raised in Cankir1
province (40°61'N, 33°58'E; altitude 730m) within the scope of the 'National Small Ruminant
Breeding Project' conducted by the General Directorate of Agricultural Research and Policies
(TAGEM). The study was conducted on a total of 693 lambs born between 2019 and 2021 at a
same farm.

In the farm, sheep are typically kept in the barn during the winter months. They are grazed
in the pasture during daylight hours, from April to November. During the grazing season, additional
feed is not provided to the sheep, and the pastures are generally of poor to moderate quality. In
during winter, sheep are provided with only hay as roughage and barley and wheat grains as
concentrated feed. Ram mating occurs in September-October, with additional feeding provided
only to the rams. Lambing takes place in February-March.

The study was conducted on a farm in Cankir1 province, which is registered in the breeding
system and maintains additional records. In farms registered in the breeding system, alongside
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records such as lamb identification number, date of birth, birth type, and dam number, basic
parameters used in animal breeding such as birth weight and weaning weight are also documented.
The farm where the study was conducted is equipped with a 24/7 camera system in the animal
barns, allowing real-time monitoring of the animals by the farm owner. Pregnant ewes were placed
in individual lambing pens 2-3 days before their expected parturition date. The condition of the
ewes’ giving birth was monitored by the breeder, and their birth times and other basic information
were recorded in the farm's registry.

Within the scope of the study, the 24 hours was divided into four equal segments of six hours
each. These are: 1. night (00:01-06:00), 2. morning (06:01-12:00), 3. noon (12:01-18:00), and 4.
evening (18:01-00:00). Lambing times were investigated taking into account lamb gender (1.
female, 2. male), birth type (singleton, twin), birth year (2019, 2020, 2021), and lamb mortality at
birth (present, absent). To determine whether the distribution of births throughout the day varied
according to environmental factors, a ¥* (Chi-square) test was conducted using the Minitab-16
software package (Minitab, 2010).

Ethic: Data collection and animal husbandry procedures were carried out in compliance with Law
No. 5996's Article 9 rules for animal welfare. This work did not involve the use of animals for laboratory
studies. There is no violation of animal rights.

RESULTS

In this study conducted with the Akkaraman breed, the distribution of a total of 693 lamb births
by hours of the day was examined. The hourly distribution of lamb births is shown in Figure 1.

Birth hours
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Figure 1. Distribution of Lamb Births According to Hours of the Day (%)

The distribution of lamb births by periods in Akkaraman lambs is presented in Table 1. Upon
examining Table 1, it can be seen that the majority of lamb births occur during the night hours
(39.0%). This is followed by the morning hours (23.1%) and evening hours (20.2%), while the least
number of births occur during the noon hours (17.7%).

The births of female lambs occurred at the highest rate during the night hours (42.8%) and at
the lowest rate during the noon hours (16.4%). Similarly, the births of male lambs were observed to
occur at the highest rate during the night hours (35.0%) and at the lowest rate during the noon hours
(19.1%) (Table 1). According to the Chi-square (y2) test, there was no significant difference in the
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distribution of births throughout the day based on the gender of the lambs.

Table 1. Distribution of Lamb Births According to Environmental Factors During the Day

Time Period Total Sex Birth type Birth year Lamb death
(n/%) Female Male Single Twin 2019 2020 2021 Yes No
1. Night 270 151 119 212 58 116 96 58 8 262
(00:01-06:00) (39.0)  (42.8) (35.0) (42.0) (30.9) (55.0) (382) (25.1) (3.0)  (97.0)
2. Morning 160 83 77 104 56 37 64 59 4 156
(06:01-12:00) (23.1) (23.5) (22.6)  (20.6) (29.8) (17.5) (25.5) (25.5) 2.5) (97.5)
3. Noon 123 58 65 89 34 27 50 46 5 118
(12:01-18:00) 17.7) (16.4) (19.1)  (17.6) (18.1)  (12.8) (19.9)  (19.9) 4.1) (95.9)
4. Evening 140 61 79 100 40 31 41 68 4 136
(18:01-00:00) (20.2) (17.3) 23.2) (19.8) 21.2) (4.7 (16.3) (294 2.9) 97.1)
Total 693 353 340 505 188 211 251 231 21 672
¥*: 6.489; DF:3; x*: 9.534; DF:3; y?: 48.327; DF:6; ¥*: 0.620; DF:3;
P:0.090 P:0.023 P:0.001 P:0.892

n: Number of animals, y2: Chi-square result, DF=Degree of Freedom, P: Significance level

While it was observed that the highest rate of singleton lambs was born at night (42.0%), these
rates were close to each other in other periods of the day. The highest rate of twin-born lambs occurred
at night and morning hours (30.9% and 29.8%), and the lowest rate occurred in the evening and noon
hours (21.2% and 18.1%) (Table 1). According to the chi-square analysis results, the differences
observed in the distribution of births during the day according to the type of birth were found to be
significant (P=0.023).

The distribution of lamb births by year was as highest and lowest at night (55.0%) and noon
(12.8%) in 2019, at night (38.2%) and evening (16.3%) in 2020, and at night (29.4%) and noon
(19.9%) in 2021, respectively (Table 1). According to the chi-square analysis results, the effect of
year on the birth time of lambs was found to be significant (P=0.001).

Of'the 693 birth events examined in the study, 21 lambs died for some reason at or immediately
after birth.

DISCUSSION
Distribution of Births During the Day

According to Figure 1, it can be observed that births peak between hours 1 and 4 at night, while
they are at their lowest levels between hours 12 and 13. This indicates a daily trend in the frequency
of births. In other words, it is understood that births occur more frequently at certain hours and that
these births exhibit a certain pattern over time.

This indicates that the frequency of lamb births in sheep is highest during the night hours. In a
study conducted with 160 Akkaraman and 95 Awassi sheep, it was found that births were
concentrated during the night hours (23:01-05:00) at rates of 41.88% and 38.95%, respectively
(Ziilkadir and Karabacak, 2013). In another study with the Akkaraman breed, it was reported that
lambs were born most frequently (33.1%) during the night hours (22:01-04:00) and least frequently
(13.84%) during the evening hours (16:01-22:00) (Biiyiiktekin et al., 2015). In a study conducted
with Anatolian Merino sheep, it was found that 52.7% of births occurred at night (17:01-05:00) and
47.3% during the day (05:01-17:00) (Karabacak et al., 2015). In a study with Finnish Landrace -
Rahmani crossbred sheep, it was reported that the period of the day had a significant effect on lambing
incidence (P<0.001), with births mostly occurring during the night hours (18:00-06:00) (Darwish and
Abou-Ismail, 2017). However, opposite findings have also been reported in studies with the same
breed, with Karabacak et al. (2012) and Oztiirk (2012) finding that birth times were most concentrated
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between 16:01-22:00 (30.25% and 31.2% respectively). Various physical and metabolic activities
may be involved in the onset of labor in sheep. The interaction of various exogenous and endogenous
factors can determine the timing of birth and therefore affect the birthing process and trigger its onset
(Darwish and Abou-Ismail, 2017). The predominance of lamb births during the night hours in the
study may be due to sheep preferring quieter hours of the day to avoid noise pollution or being
influenced by the presence of workers during the day. Results obtained from different studies indicate
that the effects of sheep breeds and perhaps geographical conditions on birth times may vary. This
suggests that specific sheep breeds or region-specific factors may influence birth times.

Distribution of Lamb Births During the Day According to Some Environmental Factors
Lamb sex

In the study, the highest rate of births of both female lambs and male lambs occurred at night
hours (Table 1). In various studies conducted with the Akkaraman breed, it has been reported that
birth times occur most frequently during the night hours (23:01-05:00), these values were found to be
in females (47.06%) and males (38.04%) by Ziilkadir and Karabacak (2013), in females (27.76%)
and males (28.19%) by Biiyiiktekin ez al. (2015). In studies with the same breed, Oztiirk (2012) found
the highest lamb births in females (32.7%) between 16:01-22:00 and in males (30.8%) between 04:01-
10:00 and 16:01-22:00, while Karabacak et al. (2012) found the highest lamb births in females
(28.3%) between 22:01-04:00 and 10:01-16:00, and in males (31.8%) between 10:01-16:00. The
distribution of births based on gender was found to be statistically insignificant in these literature
reports. According to the study results, the concentration of birth rates for female and male lambs in
similar periods indicates that the gender of the sheep does not affect the distribution of birth times.

Birth type

In the study, single lambs showed the highest birth frequency at night, and twin lambs showed
the highest birth frequency at night and in the morning (Table 1). Similarly, Biiyliktekin et al. (2015)
reported that the distribution of birth type over time periods was statistically significant (P<0.01),
while births were most intense between 22:01-04:00 in both birth types (single=33.41%,
twins=32.52%). When the literature data are examined, there are studies conducted with the same
breed in which the distribution of birth type over periods is not significant; Karabacak et al. (2012)
reported the highest that for singletons it is between 04:01-10:00 (31.2%), and for twins it is between
16:01-22:00 hours (38.5%), Oztiirk (2012) found the highest birth rates in both birth types between
16:01-22:00 (single=30.6% and twin=37.5%). While Ugur and Karabacak (2019) reported that the
distribution of birth type according to periods of the day in Anatolian Merinos was insignificant, they
found these rates to be highest between 10:01-16:00 in single lambs and between 04:01-10:00 in twin
lambs. Sahin (2023) reported that the effect of birth type according to the period in Bafra sheep was
significant (P=0.013), and the highest births in both singleton and multiple births occurred between
06:01-12:00. Similarities or differences in birth time according to birth type in the literature may
result from different rearing environments or genetic and physiological differences between animal
breeds.

Birth year

In the research, while a higher proportion of lambs were born at night in 2019 and 2020, they
were born in the evening in 2021. Similar to these findings, in a study conducted with the Akkaraman
breed, its effect on the number of births in different periods of the year was found to be statistically
significant (P<0.05) (Oztiirk, 2012). The fact that birth times vary from year to year shows that births
in the Akkaraman breed are not concentrated in a certain period. This suggests that the birth
tendencies of sheep are affected by environmental factors such as climatic factors or genetic

38



Distribution of Births by Akkaraman Sheep According to Time of Day

variations.
Lamb death at birth

The distribution of birth rates in lambs was found to be close to each other according to the
periods of the day. These causes include stillbirth, the lamb being opposite in the birth canal
(malpresentation), the lamb not being able to rise, paralyzed or epileptic birth, and sudden deaths
immediately after birth. It is seen that the highest rate of these death cases occurs at noon (4.1%),
followed by night (3%) and evening hours (2.9%), and the lowest occurs in the morning hours (2.5%)
(Table 1). According to the chi-square analysis results, the differences between the parts of the day
among the death cases at the time of birth were found to be statistically not significant. This shows
that death cases occur close to each other at different periods during the day. Kuru et al. (2016)
reported that the incidence of difficult birth in sheep and goats varies between 3-5% on average, and
the most common cause of congenital disabilities is foetal congenital disabilities at a rate of 50-60%.
Abortions in cattle and sheep cause significant economic losses in the livestock sector, and mostly
infectious agents (viruses, bacteria, fungi, and protozoa) cause abortions in domestic ruminants
(Sevik, 2024). Jacobson et al. (2020) reported that risk factors for dystocia in lambs may include
malpresentation, disease, or congenital abnormalities, as well as foetopelvic disproportion, uterine
inertia, and difficulty in fully dilating the cervix. Sheep with high (fat) or low live weight, as well as
small-bodied first parity sheep, also increase the risk of dystocia (Sahin, 2023).

The results of the study reveal that births in Akkaraman sheep show a certain tendency during
the day and are concentrated at night. While birth time did not appear to vary significantly according
to lamb gender, significant differences were observed according to birth type and birth year. It has
been determined that lamb mortality rates at birth occur at similar levels at different times of the day.
This study provides important information about birth management in sheep breeding, and knowing
the birth time of the lamb offers breeders the opportunity to be more prepared during the birth process.
Thus, by providing farmers with the opportunity to increase the health of the lambs and the efficiency
of the farms, animal welfare can be improved, and flock management can be facilitated.
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Makale Bilgisi OZET

. . Marul yetistiriciliginde kaliteli bir iiretim i¢in optimize edilmis giibre ve giibreleme programi biiyiik nem
Gelis Tarihi: 26.04.2024  gmaktadir. Siirdiiriilebilir tarm kaynaklarinin kullanimu i¢in agir1 kimyasal giibre kullaniminin azaltilmasi
Kabul Tarihi: 25.06.2024  ve alternatif iiriinlerin kullammi, dogal kaynaklarimizin yenilenebilirligi agisindan etkili bir yoldur. Bu
Yayin Tarihi: 28.06.2024  baglamda Iceberk marul (Mira gesidi) yetistiriciliginde makro besin elementi olarak kullanilan potasyumlu
kimyasal giibrelerin kullanimmin azaltilmas: amaciyla dogal potasyum kaynag: olan ‘K-Feldispat’
mineralinin verim ve kaliteye etkisi arastirilmistir. Deneme; Kontrol, Kimyasal giibre, Feldispat (500, 1000
ve 1500 kg/da) ve Kimyasal giibre+Feldispat (500, 1000, 1500 kg/da F+KG) kombinasyonlari olusturularak,
ti¢ tekerriir ve her tekerriirde 12 bitki olacak sekilde tesadiif parselleri deneme desenine gore planlanmustir.

Anahtar Kelimeler:
Lactuca sativa,

F eldﬂ)ar, Denemede, bitki boyu (cm), bitki ¢ap1 (cm), govde ¢ap1 (mm), klorofil miktari, verim (kg/da), bas agirhigi (g),
Fertilizer, SCKM (brix), atik yaprak sayisi (adet), atik yaprak agirlig: (g), yaprak taze ve kuru agirhig: (g) ozellikleri
Potassium. incelenmistir. Sonug olarak, 1500 kg/da Feldispat+kimyasal giibre uygulamas1 hem verim ve hem kalite

parametreleri lizerinde olumlu etkiye sahip oldugu tespit edilmistir. Bitki boyuna sadece K-Feldispat
uygulamalarinin diger uygulamalara nazaran daha etkili olurken, bitki fotosentez iiretimi agisindan 6nemli
olan klorofil 6l¢timleri 1000 kg/da feldispat+kimyasal giibre kombinasyonunda diger uygulamalara gore
pozitif yonde gelisim géstermistir.

K-Feldspar Applications in Iceberg Lettuce Cultivation Effect on Yield and Quality

Properties
Article Info ABSTRACT
. Optimized fertilizer and fertigation program is of great importance for a quality production in lettuce
Received: 26.04.2024 cultivation. Reducing the excessive use of chemical fertilizers and using alternative products for sustainable
Accepted: 25.06.2024 use of agricultural resources is an effective way for the renewability of our natural resources. In this regard,
Published: 28.06.2024 the effect of 'K-Feldspar' mineral, which is a natural potassium source, on yield and quality was investigated

in order to reduce the use of potassium chemical fertilizers used as macronutrients in Iceberk lettuce (Mira
variety) cultivation. The experiment was planned according to the random parcel design with three

Keywords.. replications and 12 plants in each replicate by forming the combinations of Control, Chemical fertilizer,
Lactuca sativa, Feldspar (500, 1000 and 1500 kg/da) and Chemical fertilizer+Feldspar (500, 1000, 1500 kg/da F + Plant
Feldspar, height (cm), plant diameter (cm), stem diameter (mm), chlorophyll content, yield (kg/da), head weight (g),
Fertilizer, s¢ckm (brix), number of waste leaves (pcs), waste leaf weight (g), fresh and dry leaf weight (g) were analyzed.
Potassium. As a result, 1500 kg/da Feldspar + chemical fertilizer application had a positive effect on both yield and

quality parameters. While only K-Feldspar treatments were more effective on plant height compared to the
other treatments, chlorophyll measurements, which are important in terms of plant photosynthesis production,
were positively affected in 1000 kg/da feldspar+chemical fertilizer combination compared to the other
treatments. .
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GIRIS

Salata ve marullar yil boyunca acik ve ortili alt1 kosullarinda yetistirilebilen taze yesillik olarak
tilketilen sebzelerdir. Tirkiye’nin tiim bolgelerinde ev bahgelerinde yetistirilebilen salata ve marulun
ticari iretimi Ege, Marmara ve Akdeniz bdlgelerinde Haziran-Agustos aylar1 hari¢ yilin her mevsiminde
yapilabilmektedir. Onceleri agik tarla kosullarinda yapilan diretim, son yillarda o&zellikle kis
mevsimindeki yiiksek fiyatlardan yaralanmak amaciyla sera ve algak plastik tiinellerde yapilmaya
baslamistir.

Diinya mutfaginda vazgecilmez yeri olan marul sebzesinin orjini Akdeniz ve Ortadogu olarak
bilinmektedir. Genellikle ¢ig olarak tiiketilen marul, icerik bakimindan zengin minerallere ve % 94-95
oraninda su igerigine sahip dnemli bir diyet sebzesidir (Yagmur ve Aydim, 2021). icerdigi vitamin ve
mineral maddeler ile igtah agici sebzeler grubunda yer almaktadir. Tiirkiye’de yetistirilen 38 sebze
tiirine ait toplam tliretimin %6.2’lik kismin1 yaprag: tiiketilen sebze grubu olusturmaktadir. Marul farkli
yaprak yapilaria gore su sekilde smiflandirilmaktadir: kivircik yaprakli salata (Lactuca sativa var.
crispa), bas salata (Lactuca sativa var. capitata) ve marul (Lactuca sativa var. longfolia) (Sariyer, 2017).

Sebze yetistiriciliginde yiiksek kalite ve verim igin glibreleme biiyiik 6neme sahiptir. Asirt dozda
ve eksik giibreleme yapilmasi sebze tariminda verim ve kaliteyi diisiirmektedir. Bu tarz giibrelemeler
topragin fiziksel ve kimyasal ozelliklerini olumsuz etkileyerek topragin iiretkenligini azaltmaktadir
(Cakmakeg1 ve Erdogan, 2008, Akbay, 2012). Topak yapisint koruyarak daha az girdi ile daha kaliteli
tiriin elde etmek icin uygun giibre ve doz kullanilmalidir. Salata- marul yetistiriciliginde verim birgok
faktore bagli olarak (gesit, iklim kosullari, yetistirme donemi, agik ve ortii alt1 yetistiriciligi, toprakli ve
topraksiz yetistiricilik, birim alandaki bitki sayis1 vb.) degismekle birlikte, 3-4 kg/m* arasindaki verim
degerinin iyi oldugu bildirilmektedir (Aybak, 2002).

Potasyum sebze verim ve kalitesi a¢isindan énemli bir yere sahip oldugundan dolay1 yetistiricilik
icin en onemli makro elementlerinden biridir. Ayrica her bir sebze tiirliniin ihtiya¢ duydugu potasyum
miktar1 birbirinden farklidir (Wakeel ve Ishfag, 2022). Ayrica Sebzelerdeki K igerigi, kalite 6zellikleri
ile dnemli pozitif bir iliskiye sahiptir (Bidari ve Hebsur, 2011). Potasyumun bitkilerce yeterli miktarda
alimmas1 sebze ve meyvelerin boyutunu, SCKM’sini ve verimini arttirmistir ayrica meyve rengini raf
Omriinii ve kalitesini de iyilestirmektedir (Bidar ve ark., 2004; Kanani ve ark., 2007). Tarim i¢in énemli
bir yere sahip olan potasyumlu giibrelerin ithal edilmesi iireticilerin maddi agidan zora sokmaktadir. Bu
yiizden yeni potasyum kaynaklarin bulunmasi ve iglenmesi gerekmektedir. Bir potasyum kaynagi olan
feldispat mineralinin tarim uygulamalarindaki etkinliginin tespit edilmesi bu ihtiyacin kargilanmasi
acisindan 6nemli olacagi diigiiniilmektedir.

Dogal kosullarda yetisen bitkiler i¢in potasyumun ana kaynagi genellikle K minerallerinin
ayrismasiyla saglanir (Hellal ve ark., 2009). Bu minerallerin en 6nemlilerinden biri K-feldispattir
(Straaten, 2002). Bir¢ok arastirmaci, K-feldspatin ucuz ve yavas salinimli bir potasyum kaynagi olarak
degerli olabilecegini 6ne siirmiistiir (Shafeek ve ark., 2005; Hellal ve ark., 2009; Manning, 2010; Labib
ve ark., 2012; Abou-el- Seud, 2012). K-feldspatin potasyum agisindan zengin olmasi, bitkiler i¢in
gerekli olan potasyumu saglayabilir ve K dongiisiinde 6nemli bir rol oynayabilir. Feldspat, topraga giibre
olarak veya yapay hidrotermal iglemle dogrudan uygulanabilir. Bu nedenle, dogal potasyum Feldispat
giibrelemenin desteklenmesi gerekmektedir. Bu ¢alisma, bitkilerin saglikli biiylimesi ve verimliligi i¢in
potansiyel bir fayda saglayabilir (Liu ve ark., 2017; Manning ve ark., 2017; Mohammed ve ark., 2014).

Baklada (Hellal ve ark., 2009), boriilcede (Labib ve ark., 2011) ve patates (Labib ve ark., 2012)
iizerine yapilan ¢aligmalarda farkli dozlarda uygulanan K-feldispatin biiyiime ve gelismeye olumlu etki
ettigi tespit edilmistir. Ayrica ithal potasyuma olan bagimlilig1 azaltmak igin % 11,25 K,O (KAISi30s)
iceren feldispatin potansiyel bir K kaynagi oldugunu belirtmislerdir (Hellal ve ark., 2009; Labib ve ark.,
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2011; Labib ve ark., 2012). Ayrica, yapilan ¢aligmalarda potasyum siilfat ve K-Feldispat kombinasyon,
uygulamalarinin yumru ve siirgiinlerde nisasta igerigini ve makro besin alimimi (N, P ve K)
iyilestirebilecegi ve patates verimini artirabilecegi tespit edilmistir (Mirdad, 2010; Abdel-Salam ve
Shams, 2012; Basha ve Hassan, 2017). Bununla birlikte Moringa bitkisinde farkli dozlarda potasyum
Feldispat uygulanmasinin kontrol uygulamasina gore bitki boyunu ve gévde ¢apini 6nemli farkliliklarla
arttirdig1 rapor edilmistir (El-Tayeb ve Abou-Amer, 2017). Baska bir ¢alismada ise K-feldispatin; toz,
kum, graniil olarak 3 farkli formiilasyonu Turp ve Pancar fidelerine uygulanmistir. %0.1°lik K-
Feldispatin toz formuiilasyonunun siirgiin ve kok gelisimini arttirdigin1 ayrica SCKM’yi de arttirdigi
tespit edilmistir (Shim ve ark., 2016). Dogal K kaynagi olan feldispat ve kimyasal potasyumun ayr1 ayri
ve birlikte uygulamalarinin bag salata verimi ve kalitesi iizerine etkilerinin incelenmesi
amaglanmaktadir.

MATERYAL ve YONTEM
Materyal

Deneme Malatya Turgut Ozal Universitesi Ziraat Fakiiltesi Bahce Bitkileri Béliimii’ne ait
Aragtirma ve Uygulama alanindaki 1sitmasiz plastik serada; 6l¢iim ve degerlendirmeler ise bu boliime
ait Bitki Fizyolojisi Laboratuvari’nda yiiriitiilmiistiir. Bitkisel materyal olarak United Genetics firmasina
ait Iceberg marul tipine ait “Mira” ¢esidinin fideleri kullanilmistir.

Yontem

Deneme sekiz uygulamadan olusmus olup, 1) Kontrol (K, gilibre uygulanmayan), 2) 500 kg/da
Feldispat (500 kg/da F), 3)1000 kg/da Feldispat (1000 kg/da F), 4) 1500 kg/da Feldispat (1500 kg/da F),
5) kimyasal giibre (KG), 6) 500 kg/da Feldispat+kimyasal giibre (500 kg F+KG), 7) 1000 kg/da
Feldispat+ kimyasal giibre (1000 kg/da F+KG), 8) 1500 kg/da Feldispat+kimyasal giibre (1500 F+KGQG)
parselleri olusturularak 3 tekerriir ve her tekerriirde 12 bitki olacak sekilde tesadiif parselleri deneme
desenine gore diizenlenmistir. Marul fideleri 1 Aralik 2020 tarihinde dikilmistir. Kimyasal giibreleme
programi i¢gin, 12 kg da' N, 5 kg da' P, 15 kg da' K, 5 kg da”' Ca ve 3 kg da”! Mg olacak sekilde
parsellere uygulanmigtir (Salk ve ark., 2008).

K-Feldispat giibresi: Feldispat %10.50 ila %11.25 K,O igeren dogal bir potasyum mineralidir ve
bitkisel tiretimde kimyasal potasyum giibrelerinin girdilerini en aza indirmek icin etkili bir uygulama
olarak kullanilabilir (Afifi ve ark., 2016; Manning ve ark., 2010). Kullanilan ayrigmamis feldispatin
yaklagik %8-10 K,O’dir. Denemedeki ham feldispatin ayrismasi, bitkilerin alim siireci dikkate
alindiginda bu oran %2-3 bazinda diigiiniilmiistiir. Bu bilgiler 1s1ginda 500 kg/da, 1000 kg/da ve 1500
kg/da dozlarinin marulun K ihtiyacim karsilayacagi sonucuna dayanarak uygulamaya gecilmistir.
Uygulamalar arasinda farkliliklar1 gérebilmek iginde kademeli olarak dozlar arttirilarak uygulamaya
gecilmistir.

Bitkisel Ol¢iimler

Denemenin verim ve vejetatif biiyiime parametreleri alinmak iizere 1 Mart 2021 tarihinde hasat
edilmistir. Olgiimler i¢in her tekerriirden 10 bitki alinmus olup, tekerriirlerden alinan her drnegin bitki
boyu (cm), bitki ¢ap1 (cm), govde ¢ap1 (mm), klorofil miktari, verim (kg/da), bas agirlig: (g), SCKM
(brix), atik yaprak sayisi (adet), atik yaprak agirligi (g), yaprak taze ve kuru agirligi (g) belirlenmistir.

Istatistiksel Analiz

Elde edilen veriler excel programina girilmis ortalamalar1 alinmus, istatistiksel analizler JMP PRO
14 istatistik paket programinda varyans analizine tabi tutulmustur. Uygulamalar arasindaki farkliliklarin
onem diizeylerini belirleyebilmek amaciyla Duncan Testinden yararlaniimistir.
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BULGULAR

Tablo 1 Iceberg marulunda Feldispat ve Kimyasal Giibre Uygulamalarimin Bitki Boyuna, Bitki
Capina, Bogaz Capina ve Klorofil Oranmina Etkisi

Bitki Boyu Bas Capi Govde Cap1 Klorofil
Uygulamalar (cm) ' (ig)p (mm(; P Oram

Kontrol 22,05b 22,05¢ 35,57 23,60 d

500 kg/da F 28,96 a 28,96 b 35,43 29,39 be

1000 kg/da F 29,06 a 28,06 b 35,32 28,28 cd

1500 kg/da F 28,96 a 28,96 b 34,37 30,20 abc
Kimyasal giibre KG 22,23 b 29,06 b 33,49 28,04 cd

500 kg/da F+KG 20,11b 33,56 ab 34,98 32,63 abc
1000 kg/da F+KG 20,00 b 33,89 ab 35,39 3491 a

1500 kg/da F+KG 20,55 b 36,44 a 37,12 34,52 ab

P 0,006** 0,0029** od 0,0070**

F:Potasyum Feldispat KG: Kimyasal giibreleme
Ortalamalar arasindaki farklar ayri harflerle gosterilmigtir.
od: onemli degil.; ***:p<0.001; **:p<0.01; *:p<0.05

K-Feldispat uygulamalarmin Iceberg marul yetistiriciliginde bitki boyu, bas ¢ap1 ve klorofil
orant ait veriler istatiksel anlamda Onemli bulunurken goévde capir uygulamalar i¢inde farklilik
olusturmamigtir. Uygulamalara ait veriler Tablo 1°de verilmistir. Kontrol grubuna kiyasla bitki boyu
ortalamalar1 arasinda 1000 kg/da F uygulamasi 29,06 cm ile en yiiksek degeri alirken 1000 kg/da F+KG
uygulamasi en diisiik degere sahip olmustur. Kontrol ve kimyasal giibre kullanim1 harflendirmede ayni
skalada yer alirken, 1000 kg/da F uygulamasi bitki boyu gelisimini kontrol grubuna gére %32 oraninda
arttirmistir.

Uygulamalarin Iceberg marulunun bag ¢apina etkisi istatistiksel anlamda énemli bulunmus olup
caligmanin sonuglar1 Tablo 1’de verilmistir. Uygulamalarin bas capimna etkisi 1500 kg/da F+KG
kombinasyonunda en yiiksek seviye ¢ikarken kontrol uygulamasi diger uygulamalar arasinda en diisiik
degere (22,05 cm) sahip olmustur. Sadece Feldspat igerikli uygulama dozlarindan olusturulan
uygulamalarin kendi aralarina bas ¢apina etkisinin olmadig tespit edilmistir. Tiim uygulamalar bas ¢ap1
icin degerlendirildiginde, 1500 kg/da F+KG uygulamasi %65 oraninda kontrol grubuna gore artis
saglamigtir. Sadece ticari giibre kullanimi1 (KG) kontrol grubuna gore artis saglarken kombinasyon
olusturulan uygulamalardan daha diisiik bas ¢ap1 verisi elde edilmistir.

Farkli doz ve kombinasyonlarda gergeklestirilen K-Feldispat uygulamalarinin Iceberg Mira
cesidinde klorofil miktarina etkisi Tablo 2’de gosterilmis olup uygulamalar degerlendirildiginde
sonugclar istatistiksel agidan énemli bulunmustur. 1000 kg/da F+KG uygulamasi 34,91 SPAD degeri en
fazla degere sahip uygulama olurken, bu durumu sirayla 1500 kg/da F+KG ve 500 kg/da F+KG
kombinasyon uygulamalari takip etmistir. Kontrol grubuna kiyasla yapraklardaki spad degisimi, 1000
kg/da F+KG uygulamasinda %47 oraninda artis gostermis en diisiik klorofil degisimi ise kontrol
grubunda olmustur. Ticari giibre kullanimi ve diger uygulamalar ara degerler almistir.

K-Feldispat uygulamalarinin Iceberg marul yetistiriciliginde verim, bag agirligi ve sckm’ye ait
veriler istatiksel anlamda 6nemli bulunmus olup uygulamalara ait veriler Tablo 3’de verilmistir. Veriler
yapilan istatiksel analizler sonucunda incelendiginde 1500 kg/da F+KG kombinasyon uygulamasi diger
uygulamalara fark olusturarak dekara 8990 kg verim vermistir. Bu verim degerini sirastyla 1000 kg/da
F+KG ve 500 kg/da F+KG uygulamalar takip etmistir. En diisiik verim uygulamalarini kimyasal giibre
kullanimi ile 1500 kg/da F uygulamasinda bulunmustur. Bu veriler genelinde kontrol grubu ara
harflendirme de yer almig olup en yiiksek verim alinan 1500 kg/da F+KG uygulamasi kontrolle gore %
67 oraninda verimi artirmistir. Genel olarak K-Feldispat igerikli giibre ile ticari giibre uygulamalarinin
karigtirilmasi, sadece K- Feldispat uygulamalarina gore belli oranlarda artiglar saglamistir.
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Pazarlanabilir bag agirligi dnemli bir verim parametresidir. Uygulamalarin bas agirligina etkisi ile
ilgili istatiksel analiz sonuglar1 Tablo 3’te verilmektedir. Analiz sonuglar istatiksel anlamda 6nemli
bulunmus olup en yiiksek bas agirligi degeri 1179, 8 kg/da ile 1000 kg/da F uygulamasinda elde
edilmistir. Sadece 1000 kg/da Feldispat uygulamasi hem kimyasal giibre karisimli hem de kontrol grubu
uygulamasina gore bas agirliginin artisinda etkili olmustur. Kontrol grubuna gore kiyaslandiginda en
yiiksek bas agirligina sahip uygulama %7 oraninda artis saglamistir. Diger uygulamalarda birbirine
yakin degerler alarak kimyasal giibre ve kontrol grubuna gore verimde artiglar saglanmaistir.

Potas Feldispat uygulamalariin etkisinin incelendigi Iceberg marul Mira ¢esidinin SCKM
verileri istatistiksel anlamda 6nemli farkliliklar olusturmustur (Tablo 2). Uygulamalara ait bitkilerin

SCKM degerleri 1,87-2,83 brix degerleri arasinda degistigi goriilmiistiir. En yiiksek SCKM degerleri
strastyla 1500 kg/da F+KG (2,83) ve 1500 kg/da F (2,83) uygulamalarindan elde edilmistir.

Tablo 2 Iceberg Marulda Feldispat ve Kimyasal Giibre Uygulamalarinin Verime, Bas Agirligina
ve SCKM ’sine Etkisi

Uygulamalar Verim (kg/da) Bas agirhg (g) SCKM (brix)
Kontrol 5362,78 bc 985,83 ¢ 2,30 ab
500 kg/da F 5300,55 be 1170,42 ab 1,87b
1000 kg/da F 4809,99 bed 1179,58 a 2,10b
1500 kg/da F 3115,56d 1065,00 abc 2,83 a
Kimyasal Giibre 3711,67 cd 936,68 ¢ 2,30 ab
500 kg/da F+KG 6083,00 b 1022,78 bc 1,87 b
1000 kg/da F+KG 6489,68 b 1052,22 abc 2,10b
1500 kg/da F+KG 8990,00 a 1038,89 abc 2,83 a
P 0,0002%* 0,0471* 0,0136*

F:Potasyum Feldspat KG: Kimyasal giibreleme
Ortalamalar arasindaki farklar ayri harflerle gosterilmistir.
d: Gnemli degil; ***:p<0.001; **:p<0.01; *:p<0.05

Iceberg marulu Mira c¢esidinde yapilan uygulamalarin atik yaprak sayisi iizerine etkileri
incelenmis ve uygulamalar arasinda istatistiksel anlamda 6nemli bulunmustur (Tablo 3). Atik yaprak
sayist incelendiginde; uygulamalar arasinda 1000 kg/da Feldispat uygulamasinda kontrol ve diger
uygulamalara gore 69,33 adet ile en fazla atik yaprak olmustur. En az atik yaprak sayis1 37,33 adet ile
1500 kg/da F+KG kombinasyon uygulamasindan elde edilmis olup kontrol grubuna gére bu uygulamada
%40 oraninda azalma gdriilm{istiir.

Uygulamalar arasindaki atik yaprak agirliginin verileri incelendiginde sonuglar istatistiksel olarak
onemli bulunmustur (Tablo 3). Atik yaprak sayisinda oldugu gibi atik yaprak agirliginin en ¢ok
gorildiigii uygulama 1000 kg/da F (2018.33 g) uygulamasi olmustur. Atik yaprak agirliginin en az
olgiildiigli caligma ise ticari giibre olan KG uygulamasindan (1163.33 g) elde edilmistir. F+KG
uygulamalar1 kendi igerisinde incelendiginde 1500 kg/da F+KG uygulamasi atik yaprak agirlig
bakimindan kontrol grubuna gore %15 oraninda azalma goriilmiistiir.

Potas Feldispat icerikli doz uygulamalariin yaprak taze agirligina etkisi istatistiksel anlamda
onemsiz bulunmustur (Tablo 3). Yaprak taze agirligina karsin uygulamalarin yaprak kuru agirligina
etkisi istatistiksel olarak 6nemli bulunmustur (Tablo 3). En diisiik yaprak kuru agirligi sirasiyla 1000
kg/da F+KG, 500 kg/da F+KG ve Kontrol uygulamalarindan elde edilmistir. En yiiksek kuru yaprak
agirlign 500 kg/da F (3.07 g) uygulamasinda olup kontrol uygulamasina gore oldugu %11 artis s6z
konusu olmustur.
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Tablo 3 Iceberg Marul Tiiriinde Feldispat ve Kimyasal Giibre Uygulamalarimin Atik Yaprak Say1st,
Atk Yaprak Agirligina, Yaprak Taze Agirligina, Yaprak Kuru Agirligina Etkisi

Atik Atik Yaprak Yé{’;ik
Uygulamalar Yaprak Sayisi Yaprak Agirhigi Taze Agirhg S
Agirhgi
(Adet) (® ® (@)
Kontrol 62,33 ab 1453,33 be 74,00 2,70 be
500 kg/da F 55,00 abc 1953,33 a 80,50 3,07a
1000 kg/da F 69,33 a 2018,33 a 80,07 3,00 ab
1500 kg/da F 62,00 ab 1688,33 ab 83,30 2,90 ab
Kimyasal giibre (KG) 44,33 be 1163,33 ¢ 52,85 3,00a
500 kg/da F+tKG 51,33 abc 1308,33 be 67,75 2,55¢
1000 kg/da F+KG 47,00 be 1371,68 be 69,25 2,40 ¢
1500 kg/da ( F+KG) 3733 ¢ 1256,67 be 79,60 2,90 ab
P 0,0323* 0,0134* od. 0,0031*

F:Potasyum Feldispat KG: Kimyasal Giibreleme
Ortalamalar arasindaki farklar ayri harflerle gosterilmigtir.
od: onemli degil; ***:p<0.001; **:p<0.01; *:p<0.05

TARTISMA ve SONUC

K-Feldispat uygulamalarinin Iceberg marul yetistiriciliginde, bitki boyu, bas ¢ap1 ve klorofil orani
(Tablo 1), verim, bas agirligi, SCKM (Tablo 2), atik yaprak sayisi, atik yaprak agirlig1 ve yaprak kuru
agirligina (Tablo 3) ait veriler istatiksel anlamda 6nemli bulunmus olup, gévde ¢ap1 ve yaprak taze
agirhigi verileri uygulamalar iginde farklilik olusturmayarak énemsiz bulunmustur.

Arastirma 1000 kg/da F uygulamasi bitki boyu gelisimini kontrol grubuna gdre %32 oraninda
arttirmistir. Benzer bir calismada El-Tayep ve Abou-Amer (2017), farkli dozlarda potasyum Feldispat
uygulanmalarinin bitki boyunda ve gévde ¢apinda artis olusturdugunu tespit etmislerdir. Hellal ve ark.
(2009) sehir atiklar ile kaya fosfat1 veya Feldispat karisiminin bitki boyu, dal sayisi, agisindan kontrole
gore daha {istlin oldugunu belirtmislerdir.

Farkli doz ve kombinasyonlarda gergeklestirilen K-Feldispat uygulamalariin Iceberg Mira
cesidinde klorofil miktarina etkisi Tablo 2’de gosterilmis olup, Kontrol grubuna kiyasla yapraklardaki
spad degisimi, 1000 kg/da F+KG uygulamasinda %47 oraninda artis gostermis en diisiikk klorofil
degisimi ise kontrol grubunda olmustur. Uygulamalardan hem KG, KG+F hem de sadece F giibreleri
Kontrol uygulamasina gore klorofil oraninmi arttirmis olmakla birlikte ticari giibre uygulamasmin ve
Feldispat giibrelerinin marulda klorofil miktarina olumlu yonde etki ettigi tespit edilmistir. Abdel-Salam
ve Shams (2012) calismamiza benzer olarak artan potasyum dozlarinin klorofil oranini arttirdigi
sonucuna varmislardir. Diger bir calismada Abdel-Salam ve Shams (2012) yaptiklar1 calismada %50 K-
stilfat + %50 K-Feldispat birlesiminin yaprak alanini arttirdigini tespit etmislerdir.

Uygulanan K-Feldispat uygulamalarinin SCKM oranini etkiledigi tespit edilmistir. Sonuglarimiza
benzer olarak Kanani ve ark. (2007) potasyumun yeterli miktarda meyve ve sebzelere uygulanmasi
SCKM oranimi arttirdigini belirtmiglerdir. Diger bir calismada K-Feldispatin, toz, kum, graniil olarak {i¢
farkli formiilasyonun uygulandigi turp ve pancar fidelerin de %0.1'lik potasyum Feldispatin
uygulanmasinin SCKM’lerini arttirdigini belirtmislerdir (Shim ve ark., 2016).

Farkli kombinasyonlarda gergeklestirilen K-Feldispat uygulamalarinin Iceberg Mira ¢esidinde
verime etkisi olumlu olmustur. K-Feldispat igerikli giibre ile ticari glibre uygulamalarinin karigtirilmast,
sadece K- feldispat uygulamalarina gore belli oranlarda artiglar saglamistir. Ayrica Pazarlanabilir bag
agirhigr da onemli bir verim parametresidir. Kontrol grubuna gore kiyaslandiginda en yiiksek bag
agirhigma sahip uygulama %7 oraninda artis saglamistir. Diger uygulamalarda birbirine yakin degerler
alarak kimyasal giibre ve kontrol grubuna gore verimde artislar saglanmistir. Abd El-Wahab ve ark.
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(2003), bezelyenin veriminde en yiiksek degerlerin, potasyumun kimyasal veya dogal kaynaklar1 ile
kombinasyon halinde uygulanmasi1 durumunda elde edildigini bildirmislerdir. Badr (2006), yaptig1 bir
caligmada Silikat ¢dzen bakterilerle asilanmis domateslere uygulanan K-Feldispat ve piring samani
kompostunun verimi arttirdigini belirtmistir.

Sebze yetistiriciliginde yiiksek kalite ve verim icin diizenli giibreleme biiyiikk 6neme sahiptir.
Uretimde kullanilan kimyasal giibreleme islemleri topraklarimizin siirdiirebilir kullanimi agisindan
tehdit olusturmaktadir. Bu baglamda bitkisel besin maddesi olarak dogal {irlinlerin tespit edilmesi ve
kullaniminin tegvik edilmesi gerekmektedir. Bu amag¢ kapsaminda bélgemizde dogal olarak bulanan
potas feldspat kaynaginin bitkisel {iretimde daha yaygin kullanilmasinin tegvik edilmesi ¢aligmanin
onemli sonuglarindan biridir. Ayrica yapragi yenen sebzelerden marul-salata grubuna ait daha 6nce
yapilmis potasyum Feldispat ¢alismalarinin bulunmamasi sebebiyle literatiirde bu agigin kapanmasi ve
sonrasinda farkli sebze tiirlerinde kullanim1 agisindan 6nem arz etmektedir.

Tesekkiir

Calismada kullanilan Feldispat kaynagi: Ekrem AYBEK isimli fiireticimizin Malatya-
Dogansehir bolgesindeki arazisinden edilmistir. Calismamiza katkilarindan dolay1 iireticimize tesekkdir
ederiz.

Yazar Katkilar1

Arastirma Tasarimi1 (CRediT 1) Rabia KUCUK (%50), Alper DURAK (%50)

Veri Toplama (CRediT 2) Rabia KUCUK (%40) & Lale ERSOY (%60)

Aragtirma - Veri Analizi - Dogrulama (CRediT 3-4-6-11) Alper DURAK (%30, Ozlem
ALTUNTAS (%35) & Rabia KUCUK (%35)

Makalenin Yazimi (CRediT 12-13) Rabia KUCUK (%70) & Lale ERSOY (%30)

Metnin Tashihi ve Gelistirilmesi (CRediT 14) Alper DURAK (%20), Ozlem ALTUNTAS (%20)
& Rabia KUCUK (%60)

Finansman

Calisma herhangi bir finansal destek almamustir.

Cikar Catismasi

Cikar gatigmasi yoktur.

Siirdiiriilebilir Kalkinma Amaglar1 (SDG)

Siirdiiriilebilir Kalkinma Amaglari: (12) Sorumlu Uretim ve Tiiketim
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