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Farkh Organik Giibre Uygulamalarimin Baz1 Kolza (Brassica napus L.)
Cesitlerinin Verim Unsurlar1 Uzerine EtKisi

Veysel Enes ERDEM'"", Davut KARAASLAN?

Dicle Universitesi, Fen Bilimleri Enstitiisii, Tarla Bitkileri Anabilim Dali, Diyarbakir

Dicle Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Boliimii, Diyarbakir
“Sorumlu Yazar (Corresponding author): eneserdem7829 @ gmail.com

Ozet

Bu arastirma, Dicle Universitesi Ziraat Fakiiltesi Arastirma ve
Uygulama alaninda 2019-2020 yetistirme sezonunda bazi kolza ¢esitleri
tizerine farkli organik giibre uygulamalari ve kimyasal giibre
kullanilarak verim ve verim unsurlarinin belirlenmesi amaciyla
yiriitiilmiistiir. Arastirmada ana parsellere 2 kolza ¢esidi (Exstorm, Es
Hydromel) alt parsellere organik giibre ve kimyasal giibre olmak {izere
6 giibre (Kat1 sigir giibresi, sivi sigir giibresi, koyun giibresi, solucan
giibresi, tavuk giibresi) yerlestirilerek materyal olarak kullanilmistir.
Deneme tesadiif bloklarindan boliinmiis parseller deneme desenine gore
4 tekerriirlii olarak yiiriitiilmiistiir. Caligmada; bitki boyu, dal sayisi, ilk
kapsiil yiiksekligi, kapsiil sayisi, kapsiilde tane sayis1 kapsiil uzunlugu,
kapsiil eni, bin tane agirligi, tohum verimi, yag orani ve yag verimi
ozellikleri incelenmistir. Yapilan incelemelerde tohum verimi; kolza
cesitlerinde 175.43-247.15 kg da™!, giibrelerde ise 144.78-353.31 kg da’
! arasinda degismekte, yag orani; gesitlerde % 43.23 ile % 45.35
arasinda, giibreler de ise % 43.05-46.02 arasinda degismekte, yag
verimi; ¢esitlerde 75.19-112.11 kg da’!, giibre uygulamalarinda 64.61 ile
154.03 kg da! arasinda degismekte oldugu belirlenmistir. Tane ve yag
verimi degerleri ¢esitlerde en yiiksek Exstorm c¢esidinden, giibre
uygulamalarinda ise kimyasal giibre uygulamasindan elde edilmistir.
Kimyasal giibre uygulamasini tavuk giibresi uygulamasinin takip ettigi
gOriillmiistir.

Arastirma Makalesi

Makale Tarihcesi
Gelis Tarihi:  01.10.2022
Kabul Tarihi: 15.12.2022

Anahtar Kelimeler
Kolza

cesit

organik giibre
verim

verim unsurlari

The Effect of Different Organic Fertilizer Applications on Yield Components of
Some Rapeseed (Brassica napus 1..) Varieties

Abstract

This research was carried out in Dicle University, Agriculture Faculty
research and application area in the 2019-2020 growing season to
determine yield and yield components by using different organic
fertilizer applications and chemical fertilizers on different rapeseed
varieties. In the research, 2 rapeseed varieties (Exstorm, Es Hydromel)
were placed on the main plots and 6 fertilizers (solid cattle manure,
liquid cattle manure, sheep manure, worm manure, chicken manure)
were placed on the sub-plots and used as material. The experiment was
carried out according to the randomized blocks divided plot design with
4 replications. In the research; plant height, number of branches, first
capsule height, number of capsules, number of seeds in the capsule,
capsule length, capsule width, thousand-seed weight, seed yield, oil ratio
and oil yield properties were investigated. Seed yield in the
investigations; It varies between 175.43-247.15 kg da in rapeseed
varieties and 144.78-353.31 kg da’! in fertilizers. It varies between
43.23% and 45.35% in varieties and between 43.05 % and 46.02 % in
fertilizers, oil yield; It was determined that it varies between 75.19-
112.11 kg da! in cultivars and between 64.61 and 154.03 kg da! in
fertilizer applications. The highest grain and oil yield values were
obtained from Exstorm variety, and chemical fertilizer application in
fertilizer applications. It was observed that the chemical fertilizer
application was followed by the chicken manure application.
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Erdem ve Karaaslan

1. Giris

Giliniimliz  diinyasinda insanoglunun
giinliik beslenmesinde hem saglik ac¢isindan
hem de aligkanlik ve kiiltiirel agidan yaglar
onemli bir yere sahiptir. Insanlar hayvansal
ve bitkisel yaglar olarak iki farkli sekilde
diyetlerine yemeklik yaglar1 ekleyebilirler.
Bu iki kaynaktan hayvansal yaglarin (% 8)
tiretimi yetersiz ve ulasilabilirligi daha
disik oldugundan dolayr c¢ogunlukla
bitkisel yaglar (% 92) tiiketilmektedir.
Yetigkin bir insanin giinliik olarak ihtiyag
duydugu enerjiyi karsilamak igin protein,
karbonhidrat, vitaminler ve mineraller
gerekmektedir. Bu ihtiyaglarin rakamsal
karsiligt  2800-3000  kalori  arasinda
degismekte olup, dengeli bir beslenme i¢in
i¢erisinde minareller ve asitleri bulunduran
bitkisel yaglar gerekmektedir (Anonim,
2015). Yapilan aragtirmalar sonucu diinya
genelinde tiiketilen bitkisel yag miktar1 19.1
kg kisi'!, iilkemizde ise bu deger 21.9 kg
kisi! olmaktadir. Hayat standardi yiiksek
gelismis lilkelerde yillik bitkisel yag
tiiketim miktar1 26 kg kisi'!, daha diisiik
standartlara sahip gelismekte olan tilkelerde
ise 17.5 kg kisi™! oldugu belirtilmistir. Baz1
ilkelere ait bitkisel yag tiiketimini rakamsal
degerler ile sunacak olursak; ABD’de 57 kg
kisi!, AB iilkelerinde ise 60 kg kisi',
Hindistan’da 15 kg kisi”!, iran’da 22.2 kg
kisi'!, Avustralya ve Kanada da ise 27 kg
kisi’dir (Anonim, 2015). 2021 yilinda
Diinyada yaglh tohum {iretim miktar1 595
milyon ton (Anonim, 2021la), aym yil
tilkemizde ki tiretim miktari ise 2,58 milyon
ton olarak belirlenmistir (Anonim, 2021b).
Diinyada tarimi yapilan yag bitkilerinde
tiretim rakamlar1 incelendiginde ilk siray1
soya fasulyesi almaktadir, sirasiyla soya
bitkisini kolza, aygicegi ve yer fistig1 takip
etmektedir (Baran ve Andirman, 2022).
Tiirkiye’de iiretimin yetersiz oldugu yag
bitkilerine gerekli 6nemin verilmemesinden
dolay1 2021 ithalat rakamlarina goére 2.362
milyon ton ham yag ve yagh tohum ithal
edilmistir. Bu ithalatin maddi karsilig
3.558 milyon dolar olarak iilkemize

faturalanmigtir (Anonim, 2021c).
Ulkemizin giincel ve uzun siiredir devam
eden sorunlarindan biri cari agiktir. Bu cari
acigin 6nemli nedenlerinden bir tanesi de
iilkemizin her yil disaridan yogun sekilde
yagli tohum ve toplu halde ham yemeklik
bitkisel yag ithal etmesidir. Tarimsal {iretim
de oOnemli bir yer alan yagli tohumlu
bitkilerin iretimini arttirmak, iilkemizde
uzun yillardan beri siiregelen bitkisel yag
acigimizin kapanmasina katk1
saglayacaktir. Yagli tohum iretimini
arttirmada 6nemli ve uygun bir aday da
kolza bitkisidir. Kolzanin soguga karsi
toleransli olmasi ve toprak se¢me Ozelligi
bakimindan fazla segici olmayisi, ekim
ndbetinde tahillarin yerine ekim nobeti
sisteminde yer alabilmesi kolzay1 iilkemiz
acisindan Onemli bir bitki yapmaktadir.
Stirdiiriilebilir tarim, gelecek nesillerin
ihtiyaclarii g6z ardi etmeden doga ile
uyumlu yeterli ve kaliteli tarimsal {irtinler
uretmektir. Sirdirilebilir tarim, tretimde
sentetik 1irtin  girdisini azaltmak, dogal
kaynaklarin daha dikkatli kullanilmasini ve
giiniimiiz  teknolojisinden yararlanilarak
yapilan iretimdir. Sentetik iirlin girdisini
azaltmak icinde organik giibreleme en iyi
yollardan  biridir. ~ Ulkemizin  farkli
bolgelerinden  alman  toprak  analiz
sonuclarina gore topraklarimizin % 75’ten
fazlasinda organik madde ve azot miktari az
bulunmustur (Ergene, 1987). Ulkemizde
2018 yilinda tiiketilen toplam giibre miktar1
5.253.231 ton, tretim ise 3.751.233 tondur
(Anonim, 2018). Kimyasal giibre kullanima,
tarim triinlerinde verim artis1 saglamakla
beraber uzun vadede toprakta bulunan bitki
besin elementlerinin miktarmi
azaltmaktadir. Kaybolan Dbitki  besin
elementleri, organik giibreler ile yerine
konulmaz ise verim kayiplarima ve dogal
yapmin  telafisi  olmayacak  sekilde
bozulmasina sebep olacaktir (Anag ve ark.,
1998). Bu ¢alismanin amaci iilkemizin yag
acigin1 kapatmada alternatif bir bitki olan
kolza bitkisine Gilineydogu Anadolu
Bolgesi’'nde  farkli  organik  giibre
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uygulamalar1 yapilarak kolza bitkisinin
ekim ndbeti sistemine girmesine katk1
saglamak hem de kimyasal girdi oraninin
azalmasina katkida bulunarak maliyetlerin
diismesine ve en uygun organik giibre
tiirliniin belirlenmesini saptamaktir.

2. Materyal ve Yontem

Bu calisma  Diyarbakir  ekolojik
kosullarnda Dicle Universitesi Ziraat
Fakiiltesi arastirma ve deneme alaninda
2019-2020 vejetasyon doneminde
gergeklestirilmistir.  Toprak  hazirligi,
deneme alan1 sonbaharda ekimden Once
pullukla derin stiriilmiis ve ilkbaharda ise
topragin havalanmasi ve yabanci otlarin
uzaklastirilmasi i¢in kiiltivatorle
stirilmiistiir. Daha sonra diskaro ve tapan
cekilerek tohum yatagi hazir hale
getirilmistir. Ekim mibzerle yapilmistir.
Arastirma tesadiif bloklarinda bdéliinmiis
parseller deneme desenine gore 4 tekerriirlii
olarak kurulmustur. iki faktdriin yer aldig
arastirmanin, birinci faktoriinii ¢esitler (DK
Exstorm ve ES Hydromel), ikinci faktoriini
ise farkli organik gilibre uygulamalar1 (Kati
sigir glibresi, sivi sigir giibresi, koyun

giibresi, solucan giibresi, tavuk giibresi ve
kimyasal giibre) olusturmaktadir.
Aragtirmada, parseller aras1 ve bloklar arasi
2 m bosluk birakilmis, parsellerde 2 ¢esit ve
her c¢esit tizerine 7 farkli giibre tiirii
uygulanmistir. Deneme her bir blokta 14
parsel ve 4 blok iizerinden toplamda 56
parselden olusmustur. Her bir parselin
genigligi 2.4 m, uzunlugu 7.0 m, sira arasi
20 cm ve 6 siradan olusacak sekilde ekim
islemi 10 Ekim 2019 tarihinde yapilmstir.
Dekara 600 gr tohum hesabiyla, her parsele
(16.8 m? ise 10.8 g gelecek sekilde
ayarlanmig, 5.4 grami Hydromel cesidine
geri kalan 5.4 grami ise Exstorm ¢esidine
olacak sekilde hesaplanmistir. Diyarbakir
iline ait iklim verileri incelendiginde
deneme yili kolza yetistirme sezonunda
diisen 683.5 mm toplam yagis miktarinin,
uzun yillar yagis miktarindan (487.8 mm)
daha yiiksek oldugu goriinmektedir.
Deneme yili yetistirme sezonunda 15.2 °C
olan ortalama sicaklik uzun yillar sicaklik
ortalamasindan (11.5 °C) fazladir. Deneme
yili ortalama nem oranmin ise % 65.8
oldugu tespit edilmistir.

Tablo 1. Diyarbakir ilinin 2019-2020 ve uzun yillara ait sicaklik, yagis ve nem degerleri

(Anonim, 2021d)

Ortalama sicaklik

Toplam yagis (mm) Nem orani (%)

2019-2020 Uzun

Aylar Vil Villar 2019-2020 Yili Uzun Yillar ~ 2019-2020 Yili
Ekim 26.5 17.5 3.9 32.8 52.3
Kasim 18.3 9.6 7.5 55.2 61.7
Aralik 11.6 4.0 160.8 73.1 88.3
Ocak 4.7 1.7 73.9 70.9 77.6
Subat 4.5 3.6 59.5 67.7 79.2
Mart 11.5 8.3 191.6 65.6 75.9
Nisan 14.7 13.7 112 69.5 73.3
Mayis 20.9 19.2 743 44.2 54.4
Haziran 24.4 26.0 0 8.8 30
Toplam - - 683.5 487.8 -
Ortalama 15.2 11.5 75.9 54.2 65.8

Tablo 2 incelendiginde yapilan toprak
analizi sonucuna gore arastirma yerinin
topraklari killi, tuzsuz, hafif alkali, organik

madde icerigi az, kirecli, fosfor igerigi
diisiik, potasyum bakimindan ise zengindir.
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Tablo 2. Arastirma yeri topraklarinin baz fiziksel ve kimyasal 6zellikleri

Toprak derinligi K P Organik Kire  po@sm  Kum Silt Kil Biinye
(cm) PH ppm)  ppm)  ™MAdde ¢ D @ @) %) smifi
(%) (%)
0-30 767 561 3.8 1.72 10.6 0.48 17.8 187 635 C
30-60 775 424 22 132 11.0 0.37 15.8 18.7 660 C
60-90 777 42 2.2 1.23 12.1 0.42 17.8 187 635 C

Giibre dozlar toprak analiz sonuglarina
gore diizenlenmistir. Fosfor 8 kg da™! ve
azot ise 16 kg da' gelecek sekilde
giibreleme islemi yapilmistir. Organik
giibrelemede 16 kg da' azot ihtiyacim
karsilamak icin 16.80 m? alana sahip ana
parsellere; tavuk giibresi 15.62 kg, koyun
giibresi 17.34 kg, kat1 sigir giibresi 16.39
kg, siv1 sigir giibresi 92.68 kg, ve solucan
giibresi icin 13.44 kg giibre uygulanmstir.
Azotun yaris1 (kimyasal giibre uygulanan
parsel icin) ve fosforun tamami ekimle
beraber verilmistir. Azotun diger yarist ve

organik  gilibreler ise sapa kalkma
doneminde  verilmistir.  Yabanc1i ot
miicadelesi,  bitkiler = rozet  yaprak

devresinde iken bir, sapa kalkma devresinde
kok sisteminin havalanmasi ve yabanci ot
gelisimini 6nlemek icin iki kez ¢apalama
islemi yapilmistir. Hasat yapilmadan once,
bitki boyu (cm), dal sayis1 (adet bitki™!), ilk
kapsiil yiiksekligi (cm), kapsiil sayis1 (adet
bitki!), kapsiilde tane say1s1 (adet kapsiil™)
gibi morfolojik ozellikleri her parselden
rastgele 20 bitkide (10 bitki Exstorm
cesidinden, 10 bitki Hydromel ¢esidinden)
Olctimler yapilarak kayit altina alinmistir.
Hasat, bitkilerin sap, yaprak ve
kapstillerinin tamamen kuruyup sarardigi ve
kapsiil igindeki tohumlarin kahverengine
dontistiigii devrede hasat edilmistir. Hasatta
her parselin kenarlarindan birer sira ve bas
kisimlarindan 50 cm’lik alan kenar tesiri
olarak ¢ikarildiktan sonra kalan alanin timii
hasat edilmistir. Daha sonra hasat edilen
bitkiler kurutulduktan sonra el ile harman
edilerek tohumlar ¢ikarilmis ve analizlere
hazir hale getirilmistir. Elde edilen
numunelerde kapsiil uzunlugu (cm), kapsiil
eni (cm), bin tane agirligi (g), yag orani (%),
yag verimi (kg da’'), tohum verimi (kg da™!)
ozellikleri incelenmistir. Calismadan elde

edilen verilerin istatistiki analizi JMP (13.0)
istatistik programinda, tesadiif bloklarinda
boliinmiis parseller deneme desenine gore
yapilmustir. Elde edilen verilerde olusan
farkliliklar EGF testi ile karsilagtirilmustir.

3. Bulgular ve Tartisma
3.1.Bitki boyu

Farkli  organik  giibrelerin  kolza
cesitlerinin bitki boyuna ait ortalama
degerleri Tablo 3’te verilmistir. Yapilan
varyans analiz sonuclarina gore kolza
bitkisinin bitki boyuna giibre ¢esitlerinin %
5, giibre x ¢esit interaksiyonunun etkisi ise
istatistiki olarak % 1 diizeyinde Onemli
bulunurken, c¢esitlerin yalmiz etkileri
onemsiz  bulunmustur. Es Hydromel
¢esidinin bitki boyu (127.40 cm) Exstorm
(125.84 cm) c¢esidinden daha yiiksek
bulunmustur. Giibre uygulamalarina gore
en yiksek bitki boyu 131.48 cm ile
kimyasal giibre uygulamasindan, en diisiik
ise 12098 cm ile kontrol dozundan
belirlenmistir.  Ancak kimyasal giibre
uygulamasi ile sivi sigir giibresi (129.58
cm) ve solucan giibresi (128.05 cm)
uygulamalar1 arasinda istatistiki olarak
farklilik bulunmamaktadir. Giibre gesitleri
X ¢esit interaksiyonu incelendiginde ise en
yiksek bitki boyu Es Hydromel ¢esidinin
kimyasal giibre uygulamasindan (135.75
cm) elde edilmis, bunu 131.25 cm ile ayni
cesidin s1v1 s1gir giibresi uygulamasi takip
etmistir. En diisiik bitki boyu 118.95 cm ile
Exstorm g¢esidinin  kontrol dozundan
belirlenmistir (Tablo 3). Ulkemizin farkli
bolgelerinde kolza iizerine yapilan benzer
arastirma sonuglarina gore elde ettigimiz
bitki boyu degerlerinin; 126.00-183.30 cm
(Farsak ve kaynak, 2010), 108.75-124 cm
(Soysal, 2017), 110.1-171.6 cm (Karaaslan
ve ark., 2007) ile benzerlik gosterdigi,
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bunlarin yani sira 97.4-10.,3 cm (Tungtiirk
ve ark., 2005) yiiksek, 167.3 cm (Karaaslan
ve ark., 2011) degerinden daha diisiik
oldugu saptanmistir. Bu durum
aragtirmalarin farkli bolgelerde ve farkl
ekolojik kosullarda yapilmasi, kullanilan
cesitlerin farkli olmasi, farkl ¢esitlerin bitki
boyu karakterinin  birbirleriyle aym
olmamasi, farkli  kiiltiirel islemlerin
uygulanmasi, degisik zamanlarda ekimlerin
yapilmas1 ve c¢esitlerin yazlik ve kislik
olmalarindan kaynaklanmis olabilir.

2.1. 1ilk dal yiiksekligi

Farkli  organik  giibrelerin  kolza
cesitlerinin ilk dal ytliksekligine ait ortalama
degerleri Tablo 3’te verilmistir. Yapilan
varyans analiz sonuglarina goére kolza
bitkisinin ilk dal yiiksekligine cesit, giibre
cesitlerinin ve giibre X cesit
interaksiyonunun etkileri istatistiki olarak
% 5 diizeyinde onemli bulunmustur. Es
Hydromel ¢esidinin ilk dal yiiksekligi
(62.15 cm) Exstorm (58.16 cm) ¢esidinden
daha  yiiksek  bulunmustur.  Giibre
uygulamalarina gore en yiiksek ilk dal
yiiksekligi 65.56 cm ile kimyasal giibre
uygulamasindan, en disik ilk dal
yiiksekligi 56.10 cm ile kontrol dozundan
elde edildigi belirlenmistir. Kati sigir
giibresi, s1v1 sigir giibresi, kiigiikbas giibre
ve solucan giibresi uygulamalari arasinda
istatistiki olarak farklilik bulunmamaktadir.
Glibre c¢esitleri x ¢esit interaksiyonu
incelendiginde ise en yiliksek ilk dal
yiiksekligi Es Hydromel ¢esidinin kimyasal
giibre uygulamasindan (69.67 cm) elde
edilmig, bunu 64.30 cm ile ayni ¢esidin
solucan giibre uygulamasi takip etmistir. En
diistik ilk dal yiiksekligi 54.95 cm ile
Exstorm ¢esidinin  kontrol dozundan
belirlenmistir (Tablo 3). Yapilan ¢caligmalar
incelendigi  zaman; 27.01-57.04 cm
(Saglam ve ark., 1999), 41.30- 57.60 cm
(Ding, 2010) arasinda degisen ilk dal
yiksekligi  degerleri  elde  edildigi
goriilmektedir. Cesitler acisindan bakildig:
zaman uyumsuzluk, giibre uygulamalari

bakimindan ise elde ettigimiz veriler
arsinda uyum oldugu goriilmektedir. Bunun
nedeni; arastirmalarin farkli bolgelerde ve
farkl1 ekolojik kosullarda  yapilmasi,
kullanilan ¢esitlerin farkli olmasi, farkli
cesitlerin ilk dal yiiksekligi o6zelliginin
birbirleriyle ayni  olmamasi, bakim
islemlerinin ~ farklihlk  gosterebilmesi,
ekimlerin degisik zamanlarda yapilmasi ve
cesitlerin yazlik ve kislhik olmalarindan
kaynaklanabilir.

3.3. Dal sayisi

Tablo 3’te farkli organik giibrelerin
kolza cgesitlerinin dal sayisina ait ortalama
degerleri verilmistir. Yapilan varyans analiz
sonuglara gore kolza bitkisinin dal sayisi
cesit, giibre cesitlerinin ve giibre x ¢esit
interaksiyonunun etkileri istatistiki olarak
% 5 dizeyinde O©nemli bulunmustur.
Exstorm c¢esidinin dal sayis1 (5.15 adet
bitki!) Es Hydromel (3.49 adet bitki!)
cesidinden daha yiiksek bulunmustur.
Glibre uygulamalarina gore en yiiksek dal
sayis1 5.38 adet bitki! ile kiigiikbas giibre
uygulamasindan, en diisiik 3.73 adet bitki!
ile kati si@ir glibre uygulamasindan
belirlenmistir. Giibre ¢esitleri x ¢esit
interaksiyonu incelendiginde ise en yiiksek
dal sayis1 Exstorm ¢esidinin kiigiikbas
giibre uygulamasmdan (6.45 adet bitki')
elde edilmis, bunu 6.00 adet bitki™! ile ayn1
cesidin kimyasal giibre uygulamasi takip
etmistir. En diigiik dal sayis1 3.15 adet bitki-
lile Es Hydromel ¢esidinin kat1 sigir giibre
uygulamast  ve  kontrol = dozundan
belirlenmistir  (Tablo  3).  Yapilan
aragtirmalara gore elde ettigimiz veriler;
4.05- 5.35 adet bitki! (Soysal, 2017), 5.1-
10.4 adet bitki!' (Farsak ve Kaynak, 2010),
4.4-7.1 adet bitki! (Karaaslan ve ark., 2007)
benzerlik gosterdigi, 7.5-10 adet bitki™! (Oz,
2013) ve 6.73 adet bitki! (Giirsoy ve ark.,
2015)  c¢aligmalarindan  elde  edilen
verilerden daha diisiik oldugu saptanmustir.
Bunun nedeni; aragtirmalarin farkli ekolojik
kosullarda yapilmasi, kullanilan cesitlerin
farkli olmasi, farkli gesitlerin yan dal sayisi
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ozelliginin birbirlerinden farlilik
gostermesi, uygulanan bakim islemlerinin
tamamen ayni olmamasi, ekimlerin degisik
zamanlarda ve farkli sikliklarda yapilmasi
ile gesitlerin yazlik ve kislik olmalarindan
kaynaklanabilir.

3.4. Kapsiil sayis1

Tablo 3’te farkli organik giibrelerin
kolza ¢esitlerinin kapsiil sayisina ait
ortalama degerleri verilmistir. Yapilan
varyans analiz sonuglarina goére kolza
bitkisinin kapsiil sayis1 ¢esit, giibre
cesitlerinin ve giibre X cesit
interaksiyonunun etkileri istatistiki olarak
%S5 dilizeyinde Onemli bulunmustur.
Exstorm ¢esidinin kapsiil sayist (147.52
adet bitki'') Es Hydromel (105.12 adet bitki-
) ¢esidinden daha yiiksek bulunmustur.
Gilibre uygulamalarina gore en yiiksek
kapsiil sayis1 140.49 adet bitki™! ile tavuk
giibre uygulamasinda, en diisiikk kapsiil
sayis1 ise 101.93 adet bitki!' ile kontrol
konusunda belirlenmistir. Ancak tavuk
giibresi ile kimyasal giibre (139.03 adet
bitki'") uygulamalar1 arasinda istatistiki
olarak farklilik bulunmamaktadir. Giibre

cesitleri X gesit interaksiyonu
incelendiginde ise en yiiksek kapsiil sayisi
Exstorm  ¢esidinin  tavuk  giibresi

uygulamasindan (183.22 adet bitki!) elde
edilmis, bunu 156.65 adet bitki!' ile aym
cesidin kimyasal giibre uygulamasi takip
etmistir. En diisiik kapsiil sayis1 88.85 adet
bitki! ile Es Hydromel cesidinin kontrol
konusundan belirlenmistir (Tablo 3). Ulke
genelinde yapilan benzer ¢alismalar ile
veriler kiyaslandiginda; bitki basina kapsiil
sayis1t 126-144 adet (Siizer, 2016), 52.0-
164.4 adet (Karaaslan ve ark., 2007)
arastirmalar ile uyumlu oldugu, 186.17-
242.61 adet (Koymen, 2017), 447.50-
344.25 adet (Soysal, 2017) calismalarin
arastirma verilerinden ytiksek, 47.53 adet
(Giirsoy ve ark., 2015) calismasi ise elde
edilen verilerden disik oldugu tespit
edilmistir.  Bu  farkliliklarin  nedeni;
arastirmalarin farkli bolgelerde ve farkh

ekolojik kosullarda yapilmasi, kullanilan
cesitlerin farkli olmasi, farkli c¢esitlerin
kapsiil sayist 6zelliginin birbirleriyle ayni
olmamasi, uygulanan bakim islemlerinin
bolgelere gore farklilik gosterebilmesi,
ekimlerin degisik zamanlarda yapilmasi,
kullanilan tohumluk miktarlarinin ve bitki
sikliklarimin farkli olmasi ve ¢esitlerin
yazlik ve kiglik olmalarindan kaynaklanmis
olabilir.

3.5. Kapsiilde tane sayisi

Farkli  organik  giibrelerin  kolza
cesitlerinin  kapsiilde tane sayisina ait
ortalama degerleri Tablo 4’te verilmistir.
Yapilan varyans analiz sonuglarina gore
kolza bitkisinin kapsiilde tane sayisina
giibre c¢esitlerinin % 1, giibre x c¢esit
interaksiyonunun etkisi ise istatistiki olarak
% 5 dizeyinde Onemli bulunurken,
cesitlerin  yalniz etkileri Onemsiz
bulunmustur. Exstorm ¢esidinin kapsiilde
tane sayist (24.05 adet kapsiil!) Es
Hydromel (23.37 adet kapsiil ) ¢esidinden
daha  yiikksek  bulunmustur.  Giibre
uygulamalarina gore en yiiksek kapsiilde
tane sayis1 24.78 adet kapsiil! ile kimyasal
giibre uygulamasinda, en diisiik ise 23.08
adet  kapsiil! ile tavuk  giibresi
uygulamasindan  belirlenmistir.  Ancak
kontrol konusu, kat1 sigir ve solucan giibre
uygulamalar1 arasinda istatistiki olarak
farklilik bulunmamaktadir. Giibre ¢esitleri
X ¢esit interaksiyonu incelendiginde ise en
yliksek kapsiilde tane sayis1 Exstorm
cesidinin solucan giibresi uygulamasindan
(25.14 adet kapsiil'!) elde edilmis, bunu
24.86 adet kapsiil! ile ayni ¢esidin kat1 sigir
giibresi uygulamasi takip etmistir. En diisiik
kapsiilde tane sayis1 22.52 adet kapsiil! ile
Es Hydromel cesidinin solucan giibresi
uygulamasindan belirlenmistir (Tablo 4).
Onceki calismalar ile elde ettigimiz veriler
karsilastirildiginda; ~ 19.75-25.25  adet
kapsiil'1 (Soysal, 2017), 16.00-25.80 adet
kapsiil ! (Karaaslan ve ark., 2007), 19.8-
28.5 adet kapsiil! (Tan ve ark., 2017),
22.00-26.00 adet kapsiil! (Siizer, 2016),
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16.50-29.60 adet kapsiil™! (Gizlenci ve ark.,
2011) 1ile benzerlik, 19.74-20.04 adet
kapsiil"! (Kéymen ve Kara, 2017) farklilik
gosterdigi tespit edilmistir. Bunun nedeni;
aragtirmalarin farkli bolgelerde ve farkl
ekolojik kosullarda yapilmasi, kullanilan
cesitlerin farkli olmasi, farkli cesitlerin

kapsiilde tane sayis1 6zelliginin birbirleriyle
aynt  olmamasi, uygulanan  bakim
islemlerinin ~ farklilk  gosterebilmesi,
ekimlerin degisik zamanlarda yapilmasi ve
cesitlerin yazlik ve kislik olmalarindan
kaynaklanabilir.

Tablo 3. Farkli organik giibre uygulanan kolza ¢esitlerine ait bitki boyu, ilk dal yiiksekligi ve dal

say1s1 degerleri

Giibre cesitleri (GC) .

. Cesit

Cesitler Katisigir  Kimyasal — Kiiglikbas ~ Sivisigir  Solucan Tavuk
Kontrol . N i . . .. ortalamast
giibre giibre giibre giibre giibre giibre
Bitki boyu
Ei/dromel 123.00%f  121.55¢f 135.752 125.10¢¢ 131.25% 128.95  126.20%% 127.40
Exstorm 118.95° 121.90°f 127.20%4  129.00 127.90 127.15%4  128.75% 125.84
oGrEﬂamam 120.98¢ 121.73¢ 131.48* 127.05° 129.58% 128.05®  127.48° 126.62
EGF Degerleri Cesit: 3.20 Giibre cesidi: 3.45* Giibre x cesit: 4.88%*
VK (%): 2.68
ilk dal yiiksekligi
Esydromel 57.25% 60.35¢¢ 69.67* 62.35b 59.65¢ 64.30° 61.45b% 62.15*
Exstorm 54.95¢ 57.35% 61.45b 55.75¢ 59.65¢ 55.05¢ 62.90 58.16°
GC 56.104 58.85¢ 65.56* 59.05¢ 59.65¢ 59.68¢ 62.18° 60.15
ortalamast
EGF Degerleri Cesit: 1.34* Giibre cesidi: 3.42* Giibre x cesit: 3.42*
VK (%): 3.97
Dal sayisi
Es 3.15f% 3.15f 3.75¢ 4.304 3.55¢f 3.55¢f 2.97¢ 3.49°
Hydromel
Exstorm 4.35¢ 4.30¢ 6.00* 6.45* 4.65% 5.10% 5.20° 5.152
GC 3.75¢% 3.73¢ 4.88° 5.382 4.10¢ 4.33¢ 4.09%d 432
ortalamast
EGF Degerleri Cesit: 0.21* Giibre cesidi: 0.37* Giibre x cesit: 0.52*
VK (%): 8.51
Kapsiil sayisi

Ei/dromel 88.85" 100.40fh 118.40% 110.55°¢ 111.35°%t  108.55¢t  97.75¢h 105.122
Exstorm 115.00%F  152.95° 159.65° 156.05° 130.00<¢ 135.75¢ 183.22° 147.52°
oGrSalamam 101.93¢  126.68 139.03* 133.30® 120.68° 122.15  140.49° 126.32
EGF Degerleri Cesit: 15.53* Giibre cesidi: 11.64* Giibre x cesit: 16.47*
VK (%): 9.09

Ayni harf ile gdsterilen ortalamalarda istatiksel olarak fark bulunmamaktadir. "P<0.05 diizeyinde énemli ** P<0.01 diizeyinde énemli

3.6. Kapsiil uzunlugu

Farkli  organik  giibrelerin  kolza
cesitlerinin kapsiil uzunluguna ait ortalama
degerleri Tablo 4’te verilmistir. Yapilan
varyans analiz sonuglarina goére kolza
bitkisinin kapslil uzunluguna cesitlerin
yalniz etkisi % 5, gilibre gesitlerinin % 1
diizeyinde o6nemli bulunmustur. Ancak

giibre x cesit interaksiyonun etkisi ise
istatistiki olarak onemsiz bulunmustur. Es
Hydromel ¢esidinin kapsiil uzunlugu (7.36
cm) Exstorm (6.52 cm) cesidinden daha
yiiksek bulunmugstur. Giibre uygulamalarina
gore en yiiksek kapsiil uzunlugu 7.17 cm ile
kimyasal giibre uygulamasinda
belirlenmistir. Ancak kontrol konusu, kati
sigir giibresi, siv1 sigir giibresi, kiigiikbas
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giibresi, solucan giibresi ve tavuk giibresi
uygulamalar1 arasinda istatistiki olarak
farklilik bulunmamaktadir. Giibre gesitleri
x ¢esit interaksiyonu incelendiginde ise en
yiiksek kapsiil uzunlugu Es Hydromel
¢esidinin kimyasal giibre uygulamasindan
(7.65 cm) elde edilmis, bunu 7.40 cm ile
ayni ¢esidin tavuk giibresi uygulamasi takip
etmistir. En diisiik kapsiil uzunlugu 6.39 cm
ile Exstorm ¢esidinin solucan giibresi
uygulamasindan belirlenmistir (Tablo 4).
Yapilan benzer ¢alismalar incelendiginde;
6.30-7.60 cm (Basalma ve Kolsarici, 1998),
5.30-7.00 (Ada ve ark., 2009) calismalar1
elde ettigimiz degerler ile uyumlu, 5.79-
6.10 (Sargin, 2012), 5.60-6.10 (Basalma,
1999) calismalarla ise uyumsuz oldugu
tespit edilmistir. Bunun nedeni;
aragtirmalarin farkli bolgelerde ve farkl
ekolojik kosullarda yapilmasi, kullanilan
cesitlerin farkli olmasi, farkli cesitlerin
kapsiil uzunlugu 6zelliginin birbirleriyle
ayni olmamasi, bakim islemlerinin farklilik
gosterebilmesi, ekimlerin degisik
zamanlarda yapilmasi ve ¢esitlerin yazlik
ve kislik olmalarindan kaynaklanabilir.

3.7. Kapsiil eni

Farkli  organik  giibrelerin  kolza
cesitlerinin kapsiil uzunluguna ait ortalama
degerleri Tablo 4’te verilmistir. Yapilan
varyans analiz sonuglarina goére kolza
bitkisinin kapsiil enine ¢esitlerin yalniz
etkisi, gilibre cesitleri ve giibre x g¢esit
interaksiyonun etkileri istatistiki olarak
onemsiz  bulunmustur. Es Hydromel
¢esidinin kapsiil eni (3.86 mm) Exstorm
(3.84 mm) c¢esidinden daha yiiksek
bulunmustur. Giibre uygulamalarina gore
en yiiksek kapsiil eni 3.99 mm ile kontrol
konusundan belirlenmistir. Ancak kontrol
konusu, kat1 sigir giibresi, kimyasal giibre,
stv1 s11r giibresi, kiiciikbag giibresi, solucan
giibresi ve tavuk giibresi uygulamalari
arasinda  istatistiki  olarak  farkhilik
bulunmamaktadir. Giibre c¢esitleri x ¢esit
interaksiyonu incelendiginde ise en yiiksek
kapsiil eni Es Hydromel ¢esidinin siv1 sigir

giibresi uygulamasindan (4.05 mm) elde
edilmistir. En diistik kapsiil eni 3.61 mm ile
Exstorm c¢esidinin sivi  sigir  giibresi
uygulamasindan belirlenmistir (Tablo 4).
Benzer caligmalar ile kiyaslandiginda;
Kahramanmaras’ta (Ozkan, 2019) yapilan
kolza denemesinde kapsiil eni 3.72-4.38
mm degerleri arasinda bulunmustur.
Calismadan elde edilen sonuglar ile adi
gecen  arastirmacilarin elde  ettikleri
sonuglar Ortiismektedir. Bunun nedeni;
arastirmalarin  yapildig1  bdlgelerde ve
ekolojilerde benzer iklim kosullarinin
olmas1 ve kullanilan ¢esitlerin kapsiil eni
ozelliginin birbirine yakin olmasindan
kaynaklanabilir.

3.8. Bin tane agirhg:

Farkli  organik  giibrelerin  kolza
cesitlerinin bin tane agirligina ait ortalama
degerleri Tablo 4’te verilmistir. Yapilan
varyans analiz sonucglarina gore kolza
bitkisinin bin tane agirh@i cesitlerin ve
giilbre x c¢esit interaksiyonunun etkileri
istatistiki olarak % 5 diizeyinde Onemli
bulunurken, giibre ¢esitlerinin etkileri % 1
diizeyinde 6nemli bulunmustur. Exstorm
¢esidinin bin tane agirhigit (3.70 g) Es
Hydromel (3.25 g) ¢esidinden daha yiiksek
bulunmustur. Giibre uygulamalarina gore
en yiksek bin tane agirhg 4.44 g ile
kimyasal giibre uygulamasindan
belirlenmistir. Kiigiikbas ve kat1 sigir giibre
uygulamalar1 arasinda istatistiki olarak
farklilik bulunmamaktadir. Giibre ¢esitleri
X ¢esit interaksiyonu incelendiginde ise en
yiiksek bin tane agirligi Exstorm ¢esidinin
kimyasal giibre uygulamasindan (4.65 g)
elde edilmistir. En diislik bin tane agirligi
2.70 g ile Es Hydromel ¢esidinin kiiciikbag
giibre uygulamasinda belirlenmistir (Tablo
4). Daha once yapilan benzer ¢aligmalarda;
4.35-5.10 g (Dolgun ve ark., 2019), 3.70-
4.60 g (Stzer, 2016), 291-441 ¢
(Karaaslan ve ark., 2007), 3.58-3.92 ¢
(Sargin, 2012) rakamlar1 elde edilmistir ve
bizim buldugumuz bin tane agirhigi
degerleri ile oOrtismektedir. 4.88-5.65 ¢
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(Ding, 2010) calismasinda ise arastirmada
elde edilen degeler ile farkliliklar oldugu
tespit edilmistir. Bunun nedeni g¢esit
farkliliklari, arastirmada kullanilan kiiltiirel
yontemler, iklim ve ¢evre kosullart ile ekim

zamani  farkliliklarindan  kaynaklanmis
olabilir.

3.9. Tohum verimi

Farkli  organik  giibrelerin  kolza

¢esitlerinin tohum verimine ait ortalama
degerleri Tablo 5’te verilmistir. Yapilan
varyans analiz sonucglarina gore kolza
bitkisinin tohum verimi yalnz cesitler,
giibre ¢esitleri ve gibre x g¢esit
interaksiyonun etkileri istatistiki olarak % 5
diizeyinde 6nemli bulunmustur. Exstorm
cesidinin tohum verimi (247.15 kg da’!) Es
Hydromel (175.43 kg da) ¢esidinden daha
yiiksek bulunmustur. Giibre uygulamalarina
gore en yiiksek tohum verimi 353.31 kg da’
I ile kimyasal giibre uygulamasindan
belirlenmistir. Sivi sigir ve solucan giibre
uygulamalar1 arasinda istatistiki olarak
farklilik bulunmamaktadir. Giibre ¢esitleri
x ¢esit interaksiyonu incelendiginde ise en
ylksek tohum verimi Exstorm c¢esidinin
kimyasal giibre uygulamasindan (368.84 kg
da!) elde edilmistir. En diisiik tohum verimi
115.95 kg da! ile Es Hydromel c¢esidinin
kiigiikbas giibre uygulamasindan
belirlenmistir (Tablo 5). Kolza bitkisi
lizerine  yapilan  benzer  caligmalar
incelendiginde; 151.40-339.30 kg da’
(Karaaslan ve ark., 2007), 286.00-350.00 kg
da! (Siizer, 2016), 126.00-363.00 kg da’
(Tan ve ark., 2017), 219.30-443.90 kg da!
(Gizlenci ve ark., 2011), 186.34-324.94 kg
da! (Sargin, 2012), 177.41-197.70 kg da’!
(Koymen ve Kara, 2017) tohum verimi
degerleri arastirmada elde edilen bulgular
ile benzerlik gdstermis, 381.20-437.00 kg
da! (Diilgen, 2019), 394.90-634.80 kg da’!
(Cosgun, 2013), 86.18-160.19 kg da’
(Ding, 2010) tohum verimi degerleri
aragtirmada elde edilen bulgular ile farklilik
gostermistir. Bu durum; arastirmalarin
farkli ekolojik ve toprak kosullarinda

yapilmasi, kullanilan ¢esitlerin  farkli
olmasi, farkli cesitlerin tohum verimi
potansiyellerinin  birbirlerinden  farlilik
gostermesi, uygulanan bakim islemlerinin
tamamen ayni olmamasi, ekimlerin degisik
zamanlarda ve farkli sikliklarda yapilmasi
ile ¢esitlerin yazlik ve kislik olmalarindan
kaynaklanabilir.

3.10. Yag oram
Farkli  organik  giibrelerin  kolza
cesitlerinin  yag oranina ait ortalama

degerleri Tablo 5°te verilmistir. Yapilan
varyans analiz sonucglarina gore kolza
bitkisinin yag orani yalniz cesitler, giibre
cesitleri ve giibre x cesit interaksiyonun
etkileri istatistiki olarak % 5 diizeyinde
onemli bulunmustur. Exstorm ¢esidinin yag
orani (% 45.35) Es Hydromel (% 43.23)
cesidinden daha yiiksek bulunmustur.
Giibre uygulamalarina gore en yiiksek yag
orant  %46.02 ile solucan  giibre
uygulamasindan belirlenmistir. Tavuk ve
kimyasal giibre uygulamalar1 arasinda
istatistiki olarak farklilik bulunmamaktadir.
Glibre c¢esitleri x ¢esit interaksiyonu
incelendiginde ise en yiiksek yag oram
Exstorm  ¢esidinin  solucan  giibre
uygulamasindan (% 46.99) elde edilmistir.
En disik yag oram1 % 41.08 ile Es
Hydromel c¢esidinin  kimyasal giibre
uygulamasindan belirlenmistir (Tablo 5).
Daha oOnce yapilan g¢alismalar ile
arastirmada elde edilen veriler
kiyaslandiginda; % 42.43-46.73 (Cosgun,
2013), % 39.60-46.50 (Oz, 2013), % 45.95-
49-95 (Alagoz, 2015), % 40.40-48.50
(Dolgun ve ark., 2019) aragtirmalar ile
uyumluluk  oldugu, %  32.05-40.30
(Karaaslan ve ark., 2007), % 35.50-42.90
(Tan ve ark., 2017), % 32.33-39.43 (Soysal,
2017), % 39.80-41.00 (Farsak ve kaynak,
2010) siralanan diger ¢aligmalar ile farklilik
gosterdigi  belirlenmistir.  Bu  durum;
arastirmalarin farkli ekolojik ve toprak
kosullarinda yapilmasi, kullanilan gesitlerin
farkli olmasi, farkli gesitlerin yag orani
potansiyellerinin  birbirlerinden farklilik
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gostermesi, uygulanan bakim islemlerinin
tamamen ayni olmamasi, ekimlerin degisik
zamanlarda ve farkli sikliklarda yapilmasi,
yag analiz yontem ve kosullarinin

birbirlerinden farkli olmasi ile c¢esitlerin
yazlik ve kishk olmalarindan
kaynaklanabilir.

Tablo 4. Farkli organik giibre uygulanan kolza gesitlerine ait kapsiilde tane sayisi, kapsiil
uzunlugu, kapsiil eni ve bin tane agirlig1 degerleri

Cesitler Giibre ¢esitleri (GC) Cesit

¥ Kontrol Kati Sigir  Kimyasal Kiiclikbas ~ Sivi Sigir  Solucan  Tavuk Ortalamast

Giibre Giibre Giibre Giibre Giibre Giibre
Kapsiilde tane sayisi
EsHydromel 24.43%¢  22.89d 24,89 22.90% 22.66% 22.52¢ 23.29¢de 23.37
Exstorm 23.48%d  24.86% 24.67%¢ 23.29¢de 24064 25142 22.86% 24.05
oGrEﬂamam 23.95®>  23.88® 24.78* 23.10° 23.36° 23.83%  23.08" 23.71
EGF Degerleri cesit: 0.76 Giibre cesidi: 1.01** Giibre x cesit: 1.43*
VK (%): 4.23
Kapsiil uzunlugu
EsHydromel 7.38 7.26 7.65 7.31 7.28 7.25 7.40 7.36*
Exstorm 6.48 6.59 6.69 6.52 6.59 6.39 6.41 6.52°
(()}l'ct;lamam 6.93" 6.93" 7.17* 6.92° 6.93" 6.82° 6.91° 6.94
EGF Degerleri Cesit: 2.46* Giibre cesidi:1.82** Giibre x cesit: 2.58
VK (%): 2.59
Kapsiil eni
EsHydromel 3.95 3.83 3.82 3.79 4.05 3.68 3.89 3.86
Exstorm 4.03 3.78 3.92 3.69 3.61 4.01 3.87 3.84
oGrglamam 3.99 3.80 3.87 3.74 3.83 3.85 3.88 3.85
EGF Degerleri Cesit: 0.41 Giibre cesidi: 0.25 Giibre x cesit: 0.36
VK (%): 6.53
Bin tane agirhgi

EsHydromel 2.80° 3.32@ 4.20¢cde 2.70¢de 3.39° 3.094 3.27% 3.25°
Exstorm 3.21¢0d 3.66° 4.65¢ 3.75bd 3.15° 3.72¢de 3.75bd 3.70°
oGtillamam 3.01% 3.49abe 4.44¢ 3.23abc 3.27* 3.400¢ 3512 3.48
EGF Degerleri Cesit: 0.02* Giibre cesidi: 0.05** Giibre x cesit: 0.07*
VK (%): 4.25

Aym harf ile gosterilen ortalamalarda istatiksel olarak fark bulunmamaktadir. “P<0.05 diizeyinde énemli " P<0.01 diizeyinde énemli

3.11. Yag verimi

Farkli  organik  giibrelerin  kolza
cesitlerinin yag verimine ait ortalama
degerleri Tablo 5’te verilmistir. Yapilan
varyans analiz sonucglarina gore kolza
bitkisinin yag verimi yalniz cesitler, giibre
cesitleri ve glibre x ¢esit interaksiyonunun
etkileri istatistiki olarak % 5 diizeyinde
o6nemli bulunmustur. Exstorm ¢esidinin yag
verimi (112.11 kg da!) Es Hydromel (75.19
kg da') cesidinden daha yiiksek
bulunmustur. Giibre uygulamalarina gore
en yiiksek yag verimi 154.03 ile kimyasal

giibre uygulamasindan belirlenmistir. Kat1
sigir ve kiiciikbag gilibre uygulamalari, sivi
sigir ve solucan gilibre uygulamalarinin
aralarinda  istatistiki  olarak  farklilik
bulunmamaktadir. Giibre ¢esitleri x cesit
interaksiyonu incelendiginde ise en yiiksek
yag verimi Exstorm c¢esidinin kimyasal
giibre uygulamasindan (169.11 kg da!) elde
edilmistir. En diisiik yag verimi 50.63 kg da’
lile Es Hydromel ¢esidinin kontrol konusu
uygulamasindan belirlenmistir (Tablo 5).
Ulkemizin farkli bélgelerinde kolzada
yapilan benzer arastirmalarin sonuglarina
gore elde ettigimiz yag verimi; 83.50-

10
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123.40 kg da’!, (Soysal 2017), 75.90-117.30
kg da!, (Siizer, 2007), 71.40- 114.90 kg da’
!, (Basalma, 2004) ile benzer, 101.80-
181.60 kg da™!, (Gencer, 2010), 49.70-55.40
kg da’!, (Tungtiirk, 2008), 34.22-43.73 kg
da!, (Can, 2011) ile farkli oldugu
goriilmiistiir. Bu durum; arastirmalarin
farkl1 ekolojik ve toprak kosullarinda
yapilmasi, kullanilan ¢esitlerin  farkl

olmasi, farkli g¢esitlerin yag verimi
potansiyellerinin  birbirlerinden farklilik
gostermesi, uygulanan bakim islemlerinin
tamamen ayni olmamasi, ekimlerin degisik
zamanlarda ve farkli sikliklarda yapilmasi,
yag analiz yontem ve Kkosullarinin
birbirlerinden farkli olmasi ile cesitlerin
yazlik ve kishk olmalarindan
kaynaklanabilir.

Tablo 5. Farkli organik giibre uygulanan kolza ¢esitlerinden elde edilen tohum verimi, ham yag

orani ve ham yag verimi degerleri

Giibre cesitleri (GC)

Cesitler Kontrol Kati sigir Kimyasal Kiigiikbas Siv1 sigir Solucan Tavuk ortgl?mltam
giibre giibre giibre giibre giibre giibre
Tohum verimi

EsHydromel 116.56# 174.10%f 337.78* 115.98¢ 159.11°¢f 149.49" 174.98%f 175.43°
Exstorm 173.01%"  234.64° 368.84* 286.30° 186.55% 202.61% 278.14° 247.15*
GC ortalamas1  144.78° 204.37" 353.31* 201.14° 172.83¢ 176.05¢ 226.56° 211.29
EGF Degerleri Cesit: 20.97* Giibre cesidi: 23.07* Giibre x ¢esit: 32.63*
VK (%):10.77

Yag oram
EsHydromel — 43.24% 41.65% 41.08° 44.84% 44.64% 45.05° 42.16% 43.23°
Exstorm 45.43® 44.45% 45.83%® 44.84% 44.94% 46.99* 44.97% 45.35*
GC ortalamas1  44.33" 43.05¢ 43.45% 44.84® 44.79° 46.02* 43.56% 44.29
EGF Degerleri Cesit: 1.05* Giibre cesidi: 1.22* Giibre x ¢esit:1.72*
VK (%): 2.72

Yag verimi
EsHydromel ~ 50.63/ 72.638 138.95° 52.019 71.03" 67.30' 73.758 75.19°
Exstorm 78.581 104.47¢ 169.11* 128.46° 83.86" 95.42¢ 124.91°¢ 112.11*
GC ortalamas1 _ 64.61° 88.55¢ 154.03* 90.24¢ 77.44¢ 81.36¢ 99.33° 95.28

EGF Degerleri Cesit: 4.264*
VK (%): 4.46

Giibre Cesidi: 4.240*

Giibre x Cesit: 5.99*

Aym harf ile gosterilen ortalamalarda istatiksel olarak fark bulunmamaktadir. “P<0.05 diizeyinde énemli " P<0.01 diizeyinde énemli

4. Sonug¢

Kolza bitkisi {iilkemiz yag ac¢igini
kapatmada ve alternatif enerji kaynagi
olarak biyodizel ve biyokiitle enerjisi olarak
briketlemede de kullanilabilir. Ayrica kishk
ve vyazlik ekilebilmektedir. Gilineydogu
Anadolu bolgesinde bugdaya gore 10-15
giin daha erken hasat edildiginden
kendisinden sonra gelecek olan ikinci tiriin
bitkisine daha fazla zaman birakmaktadir.
Diyarbakir  sartlarinda  gergeklestirilen
calismada cesitler igerisinde tane ve yag
verimi en yiiksek Exstorm cesidi, gilibre
uygulamalarinda ise kimyasal giibre One
¢ikt1g1, ancak siirdiiriilebilir tarim agisindan
organik giibre uygulamasi olarak solucan
giibresinin de kullanilabilecegi
gbzlemlenmistir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yayina hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarini beyan ederler.

Cikar Catismas1 Beyam

Tlim yazarlar, bu ¢alisma i¢in herhangi
bir ¢ikar ¢atismasi olmadigini beyan
etmektedir.

Finansman

Bu calisma, Dicle Universitesi Bilimsel

Arastirmalar Proje (DUBAP)
Koordinatorligi tarafindan
ZIRAAT.20.009  kodlu  proje ile
desteklenmistir.
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Ozet

Bu ¢alisma, diinyada siirdiiriilebilir enerji bitkileri tariminda yogun olarak
kullanilan dev kral otu (Pennisetum hybridum), fil otu (Miscanthus x
giganteus) ve dalli dart (Panicum virgatum) bitkilerinde farkli hasat
zamanlarmin biyokiitle verimi ve kalitesine etkisini ortaya ¢ikarmak
amactyla yliriitiilmiistiir. Aragtirma, Kasim 2019 ve Subat 2021 tarihleri
arasinda Ege Universitesi Ziraat Fakiiltesi Tarla Bitkileri Boliimii deneme
alaninda gergeklestirilmistir. Tesadiif bloklar1 deneme desenine gore ii¢
tekerriirlii olarak yiiriitiilen denemede ii¢ farkli bugdaygil genotipi ve iki
degisik hasat zamani (sonbahar ve kis) degerlendirilmistir. Calismada sap
sayisi, bitki boyu, sap capi, biyokiitle verimi ve kiil oram1 gibi bazi
ozellikler incelenmistir. En yiliksek biyokiitle verimi sonbaharda hasat
edilen dev kral otu bitkisinden elde edilirken, en diisiik kiil oran1 ise kis
mevsiminde hasat edilen fil otu bitkisinden elde edilmistir.
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Performances of Some Perennial Grasses in Sustainable Energy Crops Cultivation

Abstract

This study was conducted to bring out the effects of different harvest
times on biomass yield and quality in giant king grass (Pennisetum
hybridum), elephant grass (Miscanthus x giganteus) and switch grass
(Panicum virgatum) plants, which are used extensively in sustainable
energy crops cultivation in the world. The research was carried out in the
experimental area of the Department of Field Crops, Faculty of
Agriculture, Ege University between November 2019 and February 2021.
Three different grass genotypes and two harvest dates (autumn and
winter) were evaluated which was carried out in three replications
according to the completely randomized block design. Some parameters
were evaluated in the study such as number of tillers, plant height, stem
diameter, biomass yield and ash content. While the highest biomass yield
was obtained from the giant king grass plant harvested in autumn, the
lowest ash content was obtained from the miscanthus plant harvested in
winter.

15

Research Article

Article History

Received :01.10.2022
Accepted 1 15.12.2022
Keywords

Energy crops

harvest date
biomass yield
ash content


https://orcid.org/0000-0002-1545-4721
https://orcid.org/0000-0003-0426-1120

Ozdogan Cavdar ve Geren

1.Giris

Artan diinya niifusu ile fosil yakit
kaynaklarmin (petrol, dogal gaz, komiir, vb.)
hem firetim hem de tliketim siirecindeki
etkileri insan saglig1r ve tiim canlilarin ¢evre
yapisini olumsuz olarak etkilemektedir (Kaya
ve ark., 2019). Tim bu olumsuz etkileri ile
yeryliziindeki fosil yakit rezervlerinin azalmasi
ve kiiresel diinyada giin gectikge gida
giivenligi riskinin artmasiyla tiim gelismis
tilkeler, yenilenebilir enerji kaynaklarindan

stirdiiriilebilir  biyoenerji  liretimi  {izerine
senaryolar  gelistirmis ve  uygulamaya
baglamiglardir. Biyoenerji iiretiminin

temelinde dogrudan kat1 yakit elde etmek
amaciyla organik maddelerden elde edilen
biyokiitle ve bu biyokiitle veya yagh
tohumlardan farkli doniistiirme teknolojileri
vasitasiyla elde edilen  biyoyakitlar
(biyoetanol, biyodizel, biyogaz, vb.)
bulunmaktadir (Ozdogan ve Geren, 2019).
Diinya’da farkli kaynaklardan elde edilebilen
biyokiitlenin talebi, tarimsal agidan belli bir
enerji bitkileri tiretim faaliyet alan1 olusturmus
ve enerji tarimint meydana getirmistir (Karp ve
Halford, 2011). Enerji bitkileri, farkli ekolojik
kosullarda yetisebilen gevre dostu,
yenilenebilir ve enerji kaynaklaridir (Kdkten
ve Ozdemir, 2022).

Enerji tariminda biyokiitle iiretebilmek
amaciyla tercih edilen ¢ok yillik bitkiler,
tarimsal liretim girdilerinin asgari seviyede ve
hasat zamani biyokiitle verimlerinin yiiksek
olmasi1 nedeniyle diger tek yillik bitkilere gore
iretimde istenilen kolayliklar1
saglamaktadirlar. Nitekim buradaki en 6nemli
noktalardan biri de biyokiitle verimi ile
biyokiitle kalitesi (kiil orani, mineral madde
icerigi, nem, vb.) arasindaki dengeyi saglayan
hasat zamaninin belirlenmesidir. Bu zamana
kadar enerji bitkisi olarak secilen bitki
tirlerinin farkli iklimsel ve bolgesel sartlar
altinda  kalite-verim  noktast1  anlaminda
stirdiiriilebilirliklerini saglamak amaciyla kis
ya da sonbahar donemi olmak iizere iki temel
hasat zamani1 6n plana ¢ikmistir. Zira yanlis
zamanda hasat edilen bir biyokiitlenin yanma
islemi sirasinda hem 1s1l degeri azalmakta hem
de yiliksek oranda mineral madde (kiil)

nedeniyle sera gazi salinimina yol agmaktadir.
Ayrica yanma sonrasinda yakit tankinda kalan
fazla miktardaki kil (kOmiiriin yanma
sonrasinda yiiksek oranda biraktig1 kiiliin
zarart gibi) mucur ve tortu olusturarak
korozyona (asinma) neden olabilmektedir
(Lewandowski ve ark., 2003; Shinners ve ark.,
2010; Smith ve Slater, 2011). Enerji tarimi
amaghi yapilan ¢aligmalarda  yukaridaki
ozelliklere sahip olan ii¢ farkli ¢ok yillik
bugdaygil bitki tiirii dikkati ¢cekmektedir. Dev
kral otu, fil otu (miskantus) ve dall1 dar1 olarak
adlandirilan bu bitkiler dalli dar1 hari¢ tropik
kokenli olup hepsi Cs grubu bitkilerinin birer
iiyesidir. Bu ii¢ bitkinin tipik Akdeniz iklimi
kusaginda enerji  bitkisi olarak tercih
edilmesinin temel nedeni kis sezonunda hava
sicakliklarinin diismesi ile yavagga kuruyarak,
sap ve yaprak kisimlarinda bulunan fotosentez
driinlerint kok ve kok bogazi kisimlarina
gecirip  biyokiitlelerinin  yapisindaki  kiil
oranini azaltmalaridir (Bassam, 2013; Geren,
2017). Tim bu bilgilerin 15181 altinda,
calismanin ~ temel  amagclar;;  Bornova
sartlarinda  siirdiirtilebilir  enerji  bitkileri
tariminda imit vadeden ii¢ farkli ¢ok yillik
bugdaygilden (Pennisetum hybridum,
Miscanthus x giganteus, Panicum virgatum)
hangisinin secilebilecegi ve ne zaman hasat
edilebilecegini belirlemektir.

2. Materyal ve Yontem

Aragtirmaya ait deneme c¢alismalar1 Kasim
2019-Subat 2021 tarihleri arasinda Ege
Universitesi  igerisinde yer alan Ziraat
Fakiiltesi Tarla Bitkileri Boliimii deneme
parsellerinde gerceklestirilmistir. Arastirma
yeri topragmin bazi fiziksel ve kimyasal
ozelliklerini saptamak amaciyla usuliine uygun

aliman numunelere (0-30 cm  toprak
derinliginden) Ege  Universitesi  Ziraat
Fakiiltesi Toprak Boliimiine ait analiz

laboratuvarlarinda toprak analizi yapilmis
olup, detaylar1 igeren sonuglar Tablo 1’de
paylasilmistir.  Denemenin  gergeklestigi
lokasyonun iklimsel verileri Izmir Meteoroloji
Bolge  Istasyonunun  veri  tabanindan
saglanmistir (MGM, 2021).
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Bu verilerin detaylandirildigi Tablo 2’nin
iceriginde arastirmanin baglangig ve bitis
tarihlerini de igeren 2019-20-21 yillarinin ve

son 26 yilin (1995-2021) ortalama hava
sicaklig ve aylik toplam yagist ile ilgili veriler
sunulmustur.

Tablo 1. Arastirma topraginin bazi fiziksel ve kimyasal 6zellikleri

Ozellikler Degerlendirme Ozellikler Degerlendirme
Kum (%) 2472 - Kireg (%) 9.91 Kirecce zengin
Kil (%) 32.56 - Organik madde (%) 1.24 Humusga fakir
Mil (%) 4272 - Toplam azot (%) 0.11 Azotca orta
Biinye Tin Almabilir fosfor (ppm) 243 Orta

pH 7.84  Hafif alkali Alnabilir potasyum (ppm) 284 Yeterli
Eriyebilir Toplam Tuz (%)  0.0172  Tuzluluk tehlikesi yok  Almabilir kalsiyum (ppm) 2100 Normal

Calismanin temelinde 3 farkli bugdaygil
cinsi (Pennisetum hybridum, Miscanthus x
giganteus, Panicum virgatum) ve 2 degisik
hasat zamani (sonbahar ve kig) olmak iizere iki
ana faktor ele alinmis olup arastirma tesadiif
bloklar1 deneme desenine gore ii¢ tekerriirlii
olarak diizenlenmistir. Yore kosullarinda
gerceklestirilen daha oOnceki calismalara
dayanarak, dev kral otuna dekara 15 kg N, 10
kg P ve 10 kg K (Geren ve Yaman, 2016), fil
otuna dekara 15 kg N, 5 kg P ve 15 kg K
(Haines, 2011) ve dall1 dar1 bitkilerine dekara
10kg N, 8 kg P ve 8 kg K (Geren ve ark., 2016)

dozunun geriye kalan diger yarisi ise bitkiler
30-40 cm boyuna ulastiginda uygulanmigtir (N
dozlarinin ilk yaris1 iire; diger yaris1 amonyum
stilfat formunda, P2Os dozlar1 mono amonyum
fosfat ve K20 dozlar1 potasyum siilfat olarak
uygulanmigtir). Calismanin ikinci yilinda
giibre dozlar1 ve formlarimin aymi sekilde
uygulanmasi saglanmigtir. Tiim deneme siiresi
boyunca tasimabilir nemdlger yardimi ile
parsellerin belirli noktalarindan topraktaki
nem orani diizenli olarak 6l¢iilmiis ve su orani
tarla kapasitesinin % 50’sinden daha az bir
seviyede oOl¢iildiigiinde damla sulama sistemi

damla sulama sistemine bagl giibre tanki ile  ile denemenin sulama islemi

verilmistir. N dozlarinin yaris1 ile P ve K gergeklestirilmistir.

dozlarmin tamami Nisan aymin ortasinda, N
Tablo 2. Deneme yerine ait bazi iklimsel veriler

2019 2020 2021 Uzun Yillar Ortalamasi
Sicaklhik (°C) Yags (mm) Sicaklik (°C) Yagis (mm) Sicakhik (°C) Yagis (mm) Sicaklik (°C) Yagis (mm)

Ocak 8.7 369.3 8.3 37.5 10.6 213.5 9.0 112.2
Subat 9.8 106.3 10.8 76.6 11.1 138.0 9.2 99.7
Mart 132 37.8 13.5 83.0 11.1 98.0 11.8 82.9
Nisan 16.3 66.1 16.4 56.1 16.7 254 16.1 46.4
Mayis 21.9 12.6 21.6 55.2 22.9 0.6 21.0 254
Haziran 27.7 21.7 25.1 24.9 25.4 31.4 26.0 7.5
Temmuz 28.5 8.8 29.7 1.4 30.6 1.3 28.3 2.1
Agustos 29.8 1.3 29.3 0.4 29.9 0 27.9 1.7
Eyliil 24.6 18.4 26.9 0.5 24.9 0.3 23.9 19.9
Ekim 21.2 22.6 20.9 53.6 18.7 279 19.1 43.2
Kasim 16.9 58.2 14.3 2.2 14.6 66.2 13.8 109.7
Aralik 11.3 73.4 12.4 126.0 9.4 155.5 10.5 137.9
Ort. / Top. 19.2 796.5 19.1 5174 18.8 758.1 18.1 688.6

Deneme alaninda goriilen yabanci otlara
bitkisel deneme materyallerinin erken biiylime
doneminde elle (¢apa ve bag bicagi
yardimiyla) miidahale edilmistir. Daha sonraki
donemlerde biiyiiyen bitkilerin yabanci otlari

baskilamas1 sayesinde ve ayrica tiim deneme
stiresince bitki koruma miidahalesi gerektiren
bir hastalik ya da zararli tespit edilmedigi i¢in
herhangi bir kimyasal savasima gerek
kalmamustir. Hasat: Denemedeki tiim
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genotipler sonbahar ve kis olmak flizere iki
farkli zamanda hasat edilmislerdir. Hasat
zamaninin belirlenmesindeki en Onemli iki
faktorden birincisi kis sonu ya da erken
ilkbahar donemlerine gelindiginde fizyolojik
bakimdan  yeniden  biiylimenin  aktive
olmamast (yeniden biliylime siirecinde ilk
stirgtinlerin ¢ikmamasi kriteri) ikinci faktor ise
sonbaharin yogun yagmurlarindan kaginilmasi
ile bitkilerin olabildigince kurumasina imkan
saglayarak hasat edilebilmesidir (Christian ve
ark., 2002; Nazl1, 2017). Calismamizda tiim bu
faktorler goz Oniinde bulundurularak ilk yil
sonbahar hasadi 06.11.2019 ve kis hasadi
04.03.2020 tarihlerinde, ikinci yil sonbahar
hasadi 27.10.2020 ve kis hasadi 23.02.2021
tarihlerinde gergeklestirilmistir. Hasat
yiiksekligi olarak, dall1 dar1 i¢in 5 cm, dev kral
otu ve fil otu bitkileri i¢in 10 cm aniz
birakilarak (Geren, 2017), el aletleri (orak, bag
bicagi, tara, vb.) yardimiyla kesilerek bi¢im
yapilmistir. Kenar tesiri olarak dort sira
bitkinin mevcut oldugu parselin bas ve son
kismindaki siralar c¢ikarilmig, orta kisimda
kalan iki siranin da bas ve son kismindan
50’ser cm’lik kisim ayrildiktan sonra kalan net
5.6 m? olan alan bicilmistir. Arastirmada
asagidaki 6zellikler incelenmistir:

Sap (kardes) sayisi (adet m™): Net hasat
alani icerisindeki 1 m?’lik kisimdaki tiim bitki
saplar1 sayilmistir. Bitki boyu (cm): Hasattan
once parsel alanindaki bitkilerin toprak
yiizeyinden basak ucu ya da biiylime konisine
kadar olan uzunluklar1 cetvel ile Ol¢lilmiistiir.
Sap ¢ap1 (mm): Bitki boyu ol¢limii yapilmis
bitkilerin toprak seviyesinden 5 cm
yiikseklikteki bitki kisimlarmin kumpas ile
Olciilerek sap capi1 belirlenmistir. Biyokiitle
verimi (BV) (kg da!'): Deneme parsellerinden
hasad1 yapilan bitkilerin dort giin boyunca 70
°C’de kurumas1 saglanmig ve hassas terazide
tartildiktan sonra verimleri kayit altina
alimmistir. Ham kiil (HK) oran1 (%): 1 mm’lik
orana sahip elekten gecirilen her bir hava
kurusu bitki 6rneklerinden 0.5 g ayrilip kiil
krozelerine yerlestirilmis ve 550 °C’ye
getirilen kiil firnina konarak beyazimsi-gri bir
renk alana kadar yaklagik olarak 4 saat
boyunca yakilmis ve orantt yardimiyla
hesaplanmistir. Arastirma sonucundaki elde

edilen veriler, iki faktorli tesadiif bloklari
deneme deseni temel alinarak varyans analizi
yapilmis olup, bugdaygil cinsi ve hasat
zamanlar arasindaki farklar LSD testi (% 5)
kullanilarak tespit edilmistir (Yurtsever,
1984).

3. Bulgular ve Tartisma
3.1.Sap (kardes) sayis1

Yapilan istatistiki analizler sonucu sap
sayisinda, s0z konusu tiim faktorler ile
bunlarim ikili ve {Ug¢lii interaksiyonlarinin
onemli oldugu anlasilmistir (Tablo 3).
Calismamizda iiclii interaksiyonun 6nem arz
etmesi nedeniyle en yiiksek sap sayis1 690 adet
ile ikinci yi1l sonbaharda hasat edilen
P.virgatum bitkisinden, en diisiik sap sayisi ise
75 adet ile birinci y1l kis mevsiminde hasat
edilen P.hybridum bitkisinde saptanmis olup,
onu istatistiki bakimdan ayn1 grupta yer alan
birinci y1l kis mevsiminde hasat edilen M. x
giganteus bitkisi (88 adet) ve sirastyla, birinci
yil sonbahar mevsiminde bicilen P.hybridum
(89 adet) ve M. x giganteus (92 adet) bitkileri
izlemistir. Calismada yillar arasinda bir fark
oldugu belirlenmistir. Ikinci yila ait bitkilerin
sap sayilarmin genel ortalama degerinin (258
adet) birinci yila (199 adet) kiyasla daha
yiksek oldugu anlasilmaktadir. Temelinde
yeniden bilylime sistemi olan ¢ok yillik
bitkilerin ilk tesis ve bakim yillarini
atlatmalarindan sonra fizyolojik anlamda
maksimum performanslarina ulagsmalarinin bir
sonucu olan ilk yillara gore sap sayisinin
artmasi ve bu sayinin gelisme periyodlar1 uzun
yillara yayildiginda bitkilerin dogal olarak
azalan bir ivme ile yasamlarim siirdiiriilebilir
kilma istegi ile baglantilidir. Nitekim
calismamizda da fark edilen sonbahar
hasatlarindaki sap sayisinin kis hasatlarindaki
sap sayilarmma oranla daha fazla olmasinin
sonbahar hasadma kadar bitkinin yeniden
bliyiime periyodunu tamamlamasi ve kis
hasadina kadar gecen siirede kendini bir nevi
inzivaya ¢ekerek diger agronomik ozelliklere
de yansiyacak olan dormant olma durumunu
yapisina uygulamasindan kaynaklanmaktadir.
Ayrica c¢alismada yer verilen bu ii¢ farklh
bugdaygil genotipinin morfolojik yapilar
geregi sap sayilarinin 6nemli derecede farkli

18



Ozdogan Cavdar ve Geren

olmalar1 beklenen bir durumdur. Dev kral
otu'nun diger bitkilere gore kalin sapli bir
yaptya sahip olmasi birim alandaki sap
sayisinin az olmasina neden olurken en ince
sap ¢apina sahip olan dalli dar1 bitkisi diger iki
bitkiye birim alandaki sap sayis1 bakimindan
onemli fark olusturmustur (Geren ve ark.,
2011; Bassam, 2013). Bornova yore
kosullarinda P. hybridum bitkisinde Geren ve
Kavut (2015) tarafindan yiiriitiilen bir baska
calismada sonbaharda hasat edilen bitkilerin
sap sayisimnin birinci yildan dordiincii yila
(1.Y11:44, 2.Y11:262, 3.Y11:287, 4.Y11:291 adet

m?) kadar bir artis gosterdigi vurgulanmustir.
Goniilal ve Soylu (2021) ise Konya/Karapinar
lokasyonunda yagisa bagli kurak sartlarda dalli
dar bitkisinde yaptiklar1 bir calismada, her iki
yilda temmuz ayinda hasat edilen 4 yasindaki
bitkilerin ortalama sap sayisinin 334 adet m™
oldugunu 5 yasindaki bitkilerin ortalama sap

sayisinin ~ yagis miktarindaki azalmadan
kaynakli 306 adet m?ye diistiigiinii
bildirmislerdir. Yapilan bu ¢alismalarin

bulgularimizi tam olarak desteklememesinin
nedeni ekolojik ve genotipik farkliliklardan
kaynakli oldugu diisiiniilmektedir.

Tablo 3. Farkli hasat zamanlarinin dev kral otu, miskantus ve dalli darida sap sayisi, bitki boyu, sap ¢api,

biyokiitle verimi ve ham kiil oranina etkisi

Bitkil 1.Y1l 2.Y1l Ortalama
itkiler Sonbahar Kis Ort. Sonbahar Kis Ort. Sonbahar Kis Ort.
Sap sayisi (adet m2)

P.hybridum 89 75 82 120 107 113 105 91 98
M.giganteus 92 88 90 135 129 132 114 108 111
P.virgatum 471 380 425 690 367 528 580 373 477

Ort. 217 181 199 315 201 258 266 191 208
LSD (0.05): Y:6.85 B:8.39 HZ:6.85 YxB:11.87 YxHZ:9.69 BxHZ:11.87 YxBxHZ:16.79

Bitki boyu (cm)

P.hybridum 326 250 288 363 296 329 345 273 309
M.giganteus 265 260 263 340 313 327 302 287 295
P.virgatum 184 179 181 165 156 160 174 168 171

Ort. 258 230 244 289 255 272 274 242 258
LSD (0.05): Y:16.33 B:20.00 HZ:16.33 YxB:28.28 YxHZ:0.D BxHZ:28.28 YxBxHZ:0D

Sap capi (mm)

P.hybridum 17.6 14.8 16.2 15.4 14.5 15.0 16.5 14.7 15.6
M.giganteus 8.4 7.0 7.7 7.6 7.4 7.5 8.0 7.2 7.6
P.virgatum 4.8 3.8 43 42 33 3.8 45 3.6 4.0

Ort. 10.3 8.5 9.4 9.1 8.4 8.8 9.7 8.5 9.1
LSD (0.05): Y:0.56 B:0.68 HZ:0.56 YxB:OD YxHZ:0.58 BxHZ:OD YxBxHZ:0OD

Biyokiitle verimi (kg da!)

P.hybridum 4743 4460 4601 6603 4035 5319 5673 4248 4960
M.giganteus 2629 2099 2364 5022 2859 3941 3826 2479 3152
P.virgatum 2378 1665 2021 2673 1463 2068 2525 1564 2045

Ort. 3250 2741 2996 4766 2786 3776 4008 2764 3386
LSD (0.05): Y:118.58 B:145.23 HZ:118.58 YxB:205.39 YxHZ:167.70 BxHZ:205.39 YxBxHZ:209.46

Ham kiil oram (%)

P.hybridum 7.96 6.22 7.09 10.45 7.01 8.73 9.21 6.62 791
M.giganteus 6.31 1.65 3.98 6.38 1.96 4.17 6.34 1.80 4.07
P.virgatum 6.56 4.38 5.47 8.08 5.12 6.60 732 4.5 6.04

Ort. 6.95 4.08 5.52 8.30 470 6.50 7.62 439 6.01
LSD (0.05): Y:0.33 B:0.41 HZ:0.33 YxB:0.58 YxHZ:0.47 BxHZ:0.58 YxBxHZ:0.60

3.2. Bitki boyu degerlendirmede; en yiiksek bitki boyu

Varyans analizi sonucunda bitki boyu
iizerine, Y, B, HZ faktorlerinin etkisiyle YxB
ve BxHZ interaksiyonlar1 nemli bulunurken,

YxHZ ve 3’li interaksiyon Onemsiz
bulunmustur (Tablo 3). BxHZ
interaksiyonuna gore yapilan

ortalamasi 345 cm ile sonbahar mevsiminde
bigilen P. hybridum, en diisiik bitki boyu
ortalamasi 168 cm ile kis mevsiminde bigilen
P. virgatum bitkisinde belirlenmis, onu
istatistiki olarak ayn1 grupta yer alan
sonbaharda bigilen P. virgatum (174 cm)
bitkisi izlemistir. YXB interaksiyonuna gore
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yapilan degerlendirmede; en yiiksek bitki
boyu ortalamast 329 cm ile ikinci yil P.
hybridum  bitkisinde  saptanirken, onu
istatistiki olarak ayni grupta yer alan ve ikinci
yil hasat edilen M. x giganteus (327 cm) bitkisi
takip etmistir. En diisiik bitki boyu ortalamasi
ise istatistiki olarak ayni ve son grupta yer
alan, sirastyla ikinci (160 cm) ve birinci yil
(181 cm) hasat edilen P. virgatum bitkisinde
saptanmistir. Denemede yillar arasinda fark
tespit edilmistir. Denemenin ilk yilina ait bitki
boylarinin genel ortalama degerinin (244 cm),
ikinci yildan (272 cm) daha diisiik oldugu
ortaya c¢ikmistir. Sonbahar hasadindan kis
hasadina gegislerde boylardaki azalma
bitkilerin heniiz yesil olmasindan
kaynaklanmaktadir. Zira hiicrelerde su heniiz
azalmadig1 icin bitkiler daha yiiksek boylu
olmuslardir. Mevsimin kisa dogru
kaymasiyla, bir baska ifadeyle sicakligin
diisitk derecelere diismesiyle biinyedeki
hiicreler 6lmekte, bitki sararmakta, su kaybi
artmakta, dolayisiyla bitki boyu
kisalmaktadir. Zira pek c¢ok arastirmaci
(Angelini ve ark., 2005; Tans1 ve ark., 2018),
bu tip bugdaygillerde kis donemindeki bitki
boyunun sonbahara goére nispeten daha diisiik
oldugunu  bildirmislerdir. ~ Arastirmada,
sonbahar doneminden kis donemine dogru
olusan yagislardan bitkilerin yararlandigini
sOylemek adeta olanaksizdir. Zira ele alinan
iic bitki cinsi de yore kosullarinda kis
doneminde dormant (uyku hali) olduklarindan
s0z konusu yagislardan
faydalanamamaktadirlar.

Denemede kullanilan bitkilerin  dokuz
yasinda olmalari, diger bir ifadeyle
yaslanmalar1 da elde edilen bitki boylarinin
biraz diisiik olmasina neden olmustur. Zira
Geren ve Kavut (2015) Bornova ekolojik
kosullarinda sonbahar aylarinda P.hybridum
bitkisinin  hasadi  sirasinda  Olglimiinii
yaptiklar1 bitki boylariin tesis yilinda 244
cm, ikinci ve tigiincii yillarda ise sirasiyla 359
ve 416 cm seklinde bir artis gosterdigini ve
caligmanin son yilinda bitki boyunun 397 cm
ile hafif bir diislis yasamasinin bitkinin yas
alma evresine dogru bir gecis yaptigmin bir
gostergesi oldugunu vurgulamiglardir. Kisa
giris doneminde bitki yaprak ve saplarindaki

besin maddeleri kok, kok bogazi ve rizomlara
cekilmesi nedeniyle bitki boylari
kisalmaktadir. Buna ek olarak kis aylarindaki
dormant kuru bitkilerin hava sartlarinin
olumsuz gitmesiyle dev kral otunun ug¢ ve
miskantusun basak kisimlarinin kirilmasi ile
daha yatik biiyiime formuna sahip dalli dari
bitkilerinin diger bitkilere gore az da olsa
kirilabilmesi kaynakli kig hasadindan elde
edilen bitki boylarinin daha kisa olmasi ile
aciklanabilmektedir. Diger bir bakimdan dev
kral otu ve Miskantus bitkilerinin genetik
yapilart nedeniyle dalli dar1 bitkisinden daha
uzun olmalar1 yadsinamaz bir morfolojik
gergeklik  durumu  olup, caligmamizda
istatistiki anlamda da fark edilmistir (Clifton-
Brown ve Lewandowski, 2002; Tans1 ve ark.,
2018). Sicak iklim bugdaygilleri ile ¢alisan
birgok arastirmaci, genotipik etkinin boy
iizerinde Onemli etkiye sahip oldugunu
vurgulamiglardir.  Ornegin; Tansi1 ve ark.
(2018) tarafindan Adana’da bitki boyunun
miskantus (ort:200 cm) ve dalli dar1 (ort:174
cm) bitkileri i¢in farkli hasat zamanlarindan
etkilenmedigini ve ayrica Cankiri’da yine
dalli dart bitki boyunun (ort:203 cm) farkl
hasat zamanlarindan etkilenmedigi ancak
sonbahar hasadindaki (215 cm) miskantus
bitki boyunun ise kig/erken ilkbahar (184 cm)
hasadindan O6nemli derecede daha yiiksek
oldugu saptanmistir. Calismamizda ele alinan
cok yillik bugdaygil bitkilerinden dev kral
otunun en yiiksek boy degerine ulastigi,
yuksek boy, vb. verim unsurlarimin da
biyokiitle verimi gibi parametreleri olumlu
yonde etkiledigi sdylenebilir (Clifton-Brown
ve Lewandowski, 2002).

3.3. Sap cap1

Istatistik analiz sonucu bitkinin sap capi
bakimindan birinci ve ikinci yilda Y, B, HZ
faktorleri ve YxXHZ interaksiyonu onemli
olurken, YxB, BxHZ ve 3’lii interaksiyon ise
onemsiz bulunmustur (Tablo 3). YxHZ
interaksiyonu incelendiginde birinci ve ikinci
yil sonbahar hasatlarina ait sap ¢ap1
ortalamasmin (1. y1l:10.3 mm ve 2. yil:9.1
mm) kig hasatlarina ait sap cap1
ortalamasindan (1. y1l:8.5 mm ve 2. yil:8.4
mm) daha yiiksek oldugu ortaya cikmuistir.
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Denemede yillar arasinda fark oldugu
saptanmistir. Denemenin ilk yilina ait
ortalama sap capi genel ortalama degerinin
(9.4 mm), ikinci yildan (8.8 mm) daha yiiksek
oldugu belirlenmistir. Arastirmada sonbahar
hasadi1 sap ¢ap1 (sap kalinlig1) ortalamasinin
kis hasadindan her iki yilda da 6nem tasimasi,
kisin hasat edilen parsellerde bulunan ve
sonbahardan kis donemine kadar gelisim
seviyesi dormant durumda olan bitkilerin bu
donemde mineral maddelerini koklere tagiyan
ve sap kismindaki yasamsal fonksiyonlari

azaltan (su ve mineral madde akisi)
siirgiinlerinden kaynaklandig1 sdylenebilir.
Nitekim c¢ok yillik bitkilerin  sonbahar
donemindeki  doku  hiicrelerinin,  kis

donemindeki hiicrelerden daha genis ¢apli ve
ince duvarl olarak bilinmesi ve kis donemine
gelindiginde hiicrelerin ¢aplarinin kiigiilerek
hiicre duvarlarinin kalinlasmas1 bu durumu
desteklemektedir (Gibson ve ark., 1988;
Geren, 2017). Yapilan bir¢cok ¢alisma,
bitkilerin yetistirildigi cevrenin ve farkli hasat
zamaninin sap kalinligina 6nemli etkisinin
bulundugunu ortaya koymaktadir. Ornegin;
M. x giganteus bitkisini kis mevsiminde bicen
Ozdogan ve Geren (2019) Bornova
ekolojisinde ortalama sap c¢apmi 5.3 mm
bulurken, Lee ve ark. (2017) ise Urbana’da
ortalama sap capmm1 9.2 mm olarak
saptamislardir. Arastirmamizda ikinci yil sap
kalinligmmin birinci yila gdre azalmasinin
nedeni ikinci y1l bitki boylarinin artmasindan
kaynaklandig1 disiiniilmektedir. Zira
Saberrezaei (2021) Bornova kosullarinda P.
hybridum bitkilerinin birinci y1l sap cap1
ortalamasinin 11.6 mm oldugunu, ikinci y1l ise
bu degerin ortalama 10.5 mm’ye diistiigiini
belirtmistir. Cok yillik bitkilerin boylar
artarken sap caplarinin azalmasinin nedeni
birgok arastiricinin da ifade ettigi gibi, yerel
cevresel kosullara (riizgar, dolu vb.) karsi
sagladigr esnekligin mekanik destegi ile
kendini giivende tutup uzun vadeli adaptasyon
stratejisi  uygulayarak allometrik  (bitki
organlarinin ~ farkli  biiylime  oranlar)
bakimdan farklilik gostermesi ile iliskili
oldugu bildirilmektedir. Ayrica c¢alismada
bitkilerin ilk yillarma goére birim alanda artan
sap sayisinin bitkisel rekabetten dolay1 daha
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ince bir yapida gelisim gostermesiyle sap
capinin azalmasmma neden olmasi fark
edilebilir bir durumdur (Eloy ve ark., 2017;
Cacan ve Isikten, 2019). Bilindigi gibi
bitkilerde,  diger  degiskenlere = bagh
kalinmadan sap kalinliginin verimi olumlu
yonde arttirdig1 pek ¢ok aragtirmaci tarafindan
dile getirilmistir. Calismamizda da kalin saplh
dev kral otu’nun diger bugdaygillerden daha
yuksek verim sagladigi saptanmis olup,
detaylar bir sonraki 6zellikte sunulmustur.

3.4. Biyokiitle verimi

Analiz sonuglar1 biyokiitle verimi lizerine,
incelenen tiim faktorler ile bunlarin ikili ve
tcli  interaksiyonlarinin  6nemli  oldugu
saptanmistir (Tablo 3). Calismamizda tglii
interaksiyon 6nemli bulundugu i¢in en yiiksek
biyokiitle verimi 6603 kg da’! ile ikinci yil
sonbaharda  hasat edilen  P.hybridum
bitkisinden, en diisiik biyokiitle verimi ise
1463 kg da! ile ikinci yi1l ki mevsiminde
hasat edilen P.virgatum bitkisinde saptanmis
olup, onu istatistiki bakimdan ayn1 grupta yer
alan birinci yi1l kis mevsiminde bigilen
P.virgatum (1665 kg da™') bitkisi izlemistir.
Calismada yillar arasinda bir fark oldugu
goriilmiistiir. Ikinci yila ait BV genel ortalama
degerinin (3776 kg da™!) birinci yila (2996 kg
da') oranla daha yiiksek oldugu fark
edilmistir. Bunun nedeni olarak denemenin
baslangi¢ aylarindan itibaren, 2019 ve 2020
yillar1 aylik sicaklik ortalama degerlerin
birbirine ¢ok yakin olmasina karsilik, 2019
yili  aktif biiylime periyodu boyunca
kaydedilen toplam yagis miktarinin, 2020
yillma gore daha diisik olmasindan
kaynaklandig1 diisliniilmektedir. Ayrica ikinci
yil BV’1 olusturan verim unsurlariin (bitki
boyu, sap sayisi, vb.) birinci yildan yiiksek
olmas1 da ikinci yil BV’1 yiikseltmistir.
Nitekim, Geren and Kavut (2015) P. hybridum
bitkisi kuru madde (KM) veriminin birinci yil
1.7 t da’!, ikinci y1l 3.3 t da!, {igiincii y1l 3.5 t
da! ve dordiincii y1l 3.7 t da™! olarak arttigin
ve yil etkisinin bitkinin KM veriminde
istatistiki olarak onemli oldugunu
vurgulamiglardir. Calismanin her iki yilinda,
sonbahar bi¢imlerinin ki bigimlerine gore
daha yiliksek BV sagladigi izlenmektedir.
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Daha once de agiklandigi gibi, BV’lerinin
hasat zamanlarina gore Onemli derecede
degiskenlik gdstermesi ¢calismamizin igerigini
olusturan sicak iklim bugdaygillerinin kis
donemini dormant bir halde gegirmeleri ile
ilgili oldugu diisiiniilmektedir. Ilkbahar ve yaz
bliylime periyodunda hem morfolojik hem de
fizyolojik olarak aktif bir biiylime sergileyen
bu ii¢ farkli genotip kis biiylime periyoduna
gelindiginde soguk hava sartlar1 nedeniyle
dogal  olarak  gelistirdikleri ~ savunma
mekanizmalar1 ile nem oranlari azaltip
siirglin uglarin1 ve yapraklarin1 kurutarak bu
organlarin belirli bir miktarda dokiilmelerine
neden olmakta hatta 6liimciil donlar sebebiyle
sap kisimlar1 tamamen kuruyabilmekte ki bu
da BV’de yasanan agirhk  kaybim
aciklayabilmektedir (Geren ve ark., 2011;
Bassam, 2013). Ayrica ¢alismanin ikinci
yilinda birinci yila gére artan BV’ni dogrudan
etkileyen sap sayist Ozelligindeki artig ile
baglantili  olup, ¢ok yillik bitkilerin
performanslarinin  tesis ve bakim yilim
gecirdikten sonra verimlerini ytlikseltmeleri ile
ilgisi bulundugu belirtilmektedir
(Lewandowski ve ark., 2003; Adler ve ark.,
2006). Arastirmada ele alman bugdaygil
cinsleri arasinda da BV bakimindan 6nemli
farklar saptanmistir. Yiiksek boy, kalin sap ve
bol kardeslenme gosteren dev kral otu bitkisi
BV bakimindan diger iki bugdaygili geride
birakarak en yiiksek verime ulasmistir.
Miskantus bitkisi BV bakimindan ikinci
sirada olurken, dall1 dar1 bitkisi ise en diisiik
BV saglamistir. Bu dev kral otu’nun BV’i
acisindan daha yiiksek bir genetik kapasite
barindirdiginin - 6rnegidir. Nitekim Nazh
(2017), Cukurova kosullarinda miskantusun
ortalama KM verimini (1.7 t da’') dalli dar
bitkisinin ortalama KM verimine (1.6 t da™)
gore daha yikksek bulmustur. Enerji
bitkileriyle calisan bir¢ok arastirmaci, bitki
cinsine gore uygulanan hasat zamaninin BV
iizerine ¢ok degisik etkileri bulundugunu dile
getirmislerdir. Clifton-Brown ve
Lewandowski (2002) tarafindan 15 miskantus
genotipinin KM veriminin birinci, ikinci ve
ticlincii yillarin sonbahar hasadinda sirasiyla
0.2, 0.6, 1.7 t da! oldugu ve kis hasadina
gelindiginde bu verimlerin yine sirastyla %

27, % 12 ve % 23 azaldigi, 15 genotip icin de
saptanmis olup, birinci yildan {igiincii yila
dogru gidildikge KM veriminin y1l bazli arttig1
belirtilmistir.

3.5. Ham Kkiil oram

HK orami verilerine uygulanan istatistiki
analiz sonugclari, bu 6zellik {izerine incelenen
tim faktorlerin ve bunlarin ikili ve igli
interaksiyonlarinin onemli oldugunu
gostermistir (Tablo 3). Arastirmamizda tiglii
interaksiyon 6nemli oldugundan en yiksek
HK oranm1 % 10.45 ile ikinci y1l sonbaharda
hasat edilen P.hybridum bitkisinden, en diisiik
HK orami1 ise % 1.65 ile birinci yil kis
mevsiminde hasat edilen M. x giganteus
bitkisinde saptanmis olup, onu istatistiki
bakimdan ayn1 grupta yer alan ikinci yil yine
kis mevsiminde hasat edilen ve HK oram1 %
1.96 olan M. x giganteus bitkisi izlemistir.
Arastirmada deneme yillar1 arasinda bir fark
oldugu belirlenmistir. ikinci yi1l genel
ortalama degeri % 6.50 olan HK oraninin,
birinci y1l genel ortalama degeri olan % 5.52
HK oranindan daha yiiksek oldugu tespit
edilmigtir. Calismada buraya kadar islenen
ozellikler, biyokiitle verimini etkileyen
agronomik 6zelliklerden olusurken, HK orant
parametresi ile biyokiitlenin hasattan sonra bir
enerji kaynagi olarak degerlendirilmesi ve

hasat zamanmin kaliteye olan etkisini
caligmadaki farkli tiirler bazinda ele
almmigstir. Kullanilacak olan biyokiitle ham
maddesinin termokimyasal doniistim
optimizasyonunda kiil (minerallerin
yanmadan sonra kalan inorganik kalintisi)
iceriginin azaltilmasi siirecin

iyilestirilmesindeki en Onemli faktorlerden
birisidir (Tanger ve ark., 2013). Soyle ki;
kiiliin katalitik aktivitesi yanma dinamigini
degistirmekte ve eger biyokiitlenin kiil igerigi
azaltilirsa yanma hiz1 sicakliginin yiikseldigi
belirtilmistir (Fahmi ve ark., 2007). Bir bagka
acidan mineral maddelerden etkilenen kiiliin
kimyast ve yiiksek kiil oram1 yakit
tanklarindaki korozyon, ciliruf ve Kkirliligi
dogrudan ve olumsuz yonde
etkileyebilmektedir (Hague, 1998). Ayrica,
biyokiitlenin HK icerigindeki her % 1’lik artis
151l degerde yaklasik 0.2 MJ kg 1ik bir diisiise
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yol agmaktadir (Jenkins ve ark., 1998). Hasat
zamaninin ertelenmesi ii¢ temel nedenden
dolay1 biyoyakit ozelliklerini
tyilestirmektedir. Bunlardan birincisi;
ilerleyen bitki yas1 ve yapraklarda saplara gore
daha fazla bulunan besin elementlerinin
Otelenen  hasat zamami ile  yaprak
biyokiitlesinin azalmasi ve sap oraninin
artmasindan dolay1 bitkideki toplam besin
konsantrasyonunun azalmasindan
kaynaklanmaktadir. Ikinci temel neden ise kis
hasadina kadar gegen siirede ¢ok yillik sicak
iklim bitkilerinin savunma mekanizmalarini
aktif etmeleri ile kis aylar1 da gelmeden toprak
alt1 bitki kisimlarina besin translokasyonu ve
depolamasini tamamlamasi ile iliskilidir. Son
neden ise elementlerin var olan bitki
ortiisinden yagis kaynakhi siizilmesidir
(Christian ve ark., 2006; Christian ve ark.,
2008; Monti ve ark., 2008). Yukarida
aciklanan durumlar calismada da gecerli
oldugundan sonbahar hasadindan kis hasadina
dogru gidildik¢e kaydedilen HK oranlar1 da
digmiistiir. ABD’de yiiriitiilen bir ¢calismada
dalli dar1 bitkilerinin sonbahar hasadindan
elde edilen ortalama HK oran1 % 3.42 olurken,
ilkbahar hasadindan elde edilen ortalama HK
orant % 2.36’ya diismiistiir (Adler ve ark.,
2006). Lewandowski ve Heinz (2003)
tarafindan, Glineybatt Almanya ekolojik
kosullarinda ti¢ farkli lokasyonda yapilan bir
calismada hasat zamaninin sonbahardan kisa
ertelenmesinin miskantus bitkilerinin  kiil
oranint % 21-74 oraninda azalttig1 tespit
edilmistir. Diger bir bakimdan ¢alismamizda
farkli genetik yapilara sahip bitkilerin kiil
oranlar1 arasindaki degerlerin farkli olmasi
diger ekolojilerde yiiriitiilen calismalar ile
benzerlik gostermektedir. Kukkonen (2009)
ise ABD’de ekolojik kosullarinda aym
zamanda hasat edilen dev kral otu ve
miskantus  bitkilerinin  HK  oranlarinin
sirastyla % 4.5 ve % 2.5 seklinde degisiklik
gosterdigini belirtmistir. Calismamizda test
edilen bitkiler arasinda miskantusun HK
oraninin minimum ¢ikmasi da bu bitkinin en
iyi enerji bitkisi oldugu sonucunu bir kez daha
dogrulamaktadir.

4. Sonug

Stirdiiriilebilir enerji bitkileri tariminda ¢ok
yillik  bugdaygillere dayali uygun bir
biyoenerji zincirinin gelisimini desteklemek
icin biyokiitle veriminin yani sira hammadde
ozelliklerinin de titizlikle dikkate alinmasi
gerektigi acik bir sekilde ortadadir. Mevcut
iklime dayali uygun genotiplerin seg¢ilmesi,
bitkinin optimizasyonunun yonetimi, hasat ve
hasat  sonrast islemlerin  basar1 ile
gergeklestirilmesi ile verimlilik en st diizeye
cikarilabilmektedir. Calismaya konu olan ii¢

farkli  ¢ok yillik bugdaygil genotipi
(Pennisetum  hybridum,  Miscanthus x
giganteus, Panicum virgatum) Akdeniz

ikliminin hakim oldugu Bornova kosullarinda
iki farkli hasat zamanina (Sonbahar ve Kis)
tabi tutularak verim ve kalite performanslari
incelenmistir. En yiiksek biyokiitle verim
performansi ikinci y1l sonbaharda hasat edilen
ve genetik olarak biyokiitle hacmi diger
bitkilere gore daha yiiksek olan dev kral otu
bitkilerinden elde edilirken, en diisiik verim
ise ikinci y1l kis doneminde hasat edilen dalli
dar bitkilerinden elde edilmistir. Ayrica tiim
genotipler i¢in calismanin her iki yilinda da
sonbahar hasadindan elde edilen biyokiitle
verimleri kis hasadina gelindiginde azalmistir.
Ancak bir kalite parametresi olan ve bir
biyokiitle yakitinda az oranda olmasi istenilen
ham kil oran1 6zelligi incelendiginde ikinci
yil sonbaharda hasat edilen dev kral otu
bitkilerinin ham kiil oran1 en yiiksek ve birinci
yil kisin hasat edilen miskantus bitkilerinin
ham kiil orani en diisiik ¢cikmigtir. Ayrica yine
biyokiitle veriminde oldugu gibi tiim
genotipler i¢in ¢alismanin her iki yilinda da
sonbahar hasadindan elde edilen
biyokiitlelerin ham kiil oran1 kis hasadina
gelindiginde azalmistir. Calisma sonucunda,
tercih edilecek amaca gore yliksek bir
biyokiitle verimi i¢in dev kral otu bitkisinin ve
diisik ham kiil orani i¢in kis hasadinin
secilmesi, ancak hem biyokiitle hem de kaliteli
bir enerji bitkisi optimizasyonu i¢in miskantus
ve dalli dar1 bitkilerinden birinin tercih edilip
kis hasadinin uygulanmasi daha dogru bir
tercih olarak goriinmektedir. Siirdiiriilebilir
enerji bitkileri tarimindan kalite ve biyokiitle
veriminin optimizasyonunu saglayabilmek
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amaciyla, tilirler arasindaki verim ve kalite
degiskenligine dayali olarak, yapilacak olan
hasat zamani vb. hasat yOnetimi olarak
adlandirilan  arastirmalar, = mevcut  ve
gelecekteki iklim degisikliklerine karsi daha
dayanikli olan genetik kaynaklara, istikrarl
verim ve kalite saglayabilecek yetigtirme
programlarina ve yoOnetim faaliyetlerine
odaklanmalidir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yayimna hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarin1 beyan ederler.

Cikar Catismas1 Beyam

Tlm yazarlar, bu ¢alisma i¢in herhangi bir
cikar catigsmasi olmadigini beyan etmektedir.
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Abstract Research Article
Grass pea (Lathyrus sativus) is a naturally growing crop in Turkey

and it is considered a valuable fodder resource to improve soil

properties and livestock farming. This study was carried out in the

laboratories of Bingol University between 2019-2020. In the study,

some physical (shape-size, surface area, projection area, average

arithmetic diameter, thousand grain weight) and physiological Article History
(germination rate and time) characteristics of the seeds belonging to Received: 03.10.2022
twenty-four different genotypes of grass pea were determined, and Accepted: 15.12.2022
the results were evaluated according to the randomized blocks
experimental design with four repetitions. According to the data
obtained, all grass pea genotypes have a short and oval seed
structure, with an average length of 6.010 mm, average width of
5.369 mm, a surface area of 28.773 mm?, a projection area of 25.830

mm?, an arithmetic diameter of 5.690 mm and a thousand grain Keywords

weight of 126.688 g. It was determined that all grass pea genotypes Grass pea .

germinated at a rate of 85-100% within 0.508-0.538 days. lathyrus sativus
genotype
fodder crop

seed characteristics
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1. Introduction

Grass pea (Lathyrus), which belongs to
the Vicieae tribe of the legume family
(Fabaceae/Leguminosea) is a large genus
with 15 parts and 187 species or subspecies
(Ozdemir, 2016). It has 160 species, either
annual or perennial (Plitmann et al., 1995).
It is reported that there are 71 taxa
belonging to approximately 61 species of
grass pea in our country's flora (Ozdemir,
2016), 18 of which have endemic
properties.

Grass pea farming first started in the
Balkans in the early Neolithic ages around
6000 BC, and it has been used as nutrition
for people since then (Aslan, 2018), and it
has been revealed in the archaeobotanical
findings that this has encouraged the
development of native legume varieties. In
fact, according to these studies, this plant
may be the first cultivated crop in Europe
(Kislev, 1989). In addition, it is stated that
the homeland of this crop could be the
region between Asia, the Caucasus and the
Caspian Sea and Northern India (Gengkan,
1983).

It is recognized and consumed as peas in
many countries such as India, Bangladesh,
Nepal, Iraq, Afghanistan and Eastern
Europe. Despite its high protein content, its
consumption should be limited due to B-
ODAP, which is a neurotoxic compound
(Sethi et al., 2021). It also has a neurotoxic
effect due to substances such as ODAP (B-
N-oxalyl-L-&, B-diamoniopropionic acid)
or B-N-oxalamio-L-alanine and [-oxalyl
amino alanine (BOAA). Therefore, it is
necessary to pay attention to its use (Urga et
al., 1995; Kokten and Bakoglu, 2011; Singh
and Rao, 2013; Khandare et al., 2018; Bala
et al., 2020) and usually, the production of
varieties containing a proportionally
smaller amount of this compound is
preferred. Other than that, the grass pea is a
rich legume containing 6.69% albumin,
1.5% prolamine, 13.3% globulin, 3.8%
gluteline and 18.2-34.6% protein and

minerals such as zinc, iron, calcium,
phosphorus, magnesium and copper
(Lambein et al., 2019; Buta et al., 2020;
Sethi et al., 2021). It also contains 58%
carbohydrates and 31% protein based on the
dry weight of its seeds (Bala et al., 2020).

Grass pea is considered to be one of the
important gene resources with its structure
resistant to insects and pests which can
survive in harsh climatic conditions
(drought-excess rainfall) due to its highly
developed adaptation ability (Hoque et al.,
1996; Vaz Patto et al., 2006; Brunet et al.,
2008). It can also be grown in regions with
an annual rainfall of about 250 mm or less.
Since it can be continued to be cultivated
under the water, it can be preferred as the
second product for alternation, especially in
paddy farmlands (Kumar, 1997; Basaran et
al., 2007). The leaf stems of the plant, which
has a pile root structure, are quite long and
wide-winged. Although its flowers are
usually white, they can also be pink or
bluish (Genckan, 1983). It needs a
germination temperature of about 2-3°C,
but as the temperature drops below 0°C, it
can be damaged, however, it can be grown
in loamy, moderately humid, and calcium
rich soils (Ozdemir, 2016).

The grass pea (Lathyrus sativus L.)
shows a natural spread in our country
(Ozdemir et al., 2020). This crop is
commonly encountered in vegetation
studies, especially in spontaneous pastures
(Seydosoglu and Kokten, 2019). In general,
Lathyrus species are used as green-dry
grass, and feedstuff, grain feed for livestock
around the world; it can also be grown as a
green fertilizer to improve soil properties
and as edible legumes and vegetables for
human consumption (Ozdemir et al., 2020).
On the other hand, mixed plantation
applications (Leguminosae graminae) are
being practiced more and more in order to
get the most yields from the unit area to
meet the nutritional requirements for
livestock. (Kokten, 1998) According to the
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results obtained after the cultivation of
mixtures created by mixing in different
proportions, the rates that will provide the
most benefit for livestock breeding are
determined.

In the study, some physical (shape-size,
surface area, projection area, average
arithmetic diameter, thousand grain weight)
and physiological (germination rate and
time) characteristics of the seeds belonging
to twenty-four different genotypes of grass
pea were tried to be revealed. Thanks to
these characteristics, it is aimed to prevent
the problems that may be encountered
during the machine planting of this crop. In
addition, the sowing process is to be made
by mixing with wheat seeds, it is aimed to
match the seed sizes to each other and to be
able to make the correct adjustments on the
machine accordingly. On the other hand, it
is aimed to help researchers by bringing
together the inventories required for the

cultivation of seeds with different
genotypes.
2.Materials and Methods

This study was carried out in the
laboratories ~ belonging to  Bingol
University’s  Faculty of Agriculture,
Biosystem Engineering Department, Field
Crops Department and Food, Agriculture
and Livestock Vocational School Crop and
Livestock Production Department and Ege

University’s  Faculty of Agriculture,
Agricultural Machinery and Technologies
Engineering departments between 2019 and
2020. In this study, some physical and
physiological characteristics of seeds
belonging to 24 different grass pea
(Lathyrus sativus L.) genotypes were
determined via the following methods.

The length (mm), width (mm) and
thickness (mm) data, which are accepted as
basic characteristics for each seed grain
vary depending on climate, geography, soil
properties (pH, salinity, drought, etc.)
(Dumanoglu et al., 2021). Therefore, this
data is required for the studies on seeds.
According to the research, as stated by
Yagcioglu (2015), the seeds are examined
according to their geometric characteristics
(long-medium-short) and shapes (round-
oval-long) (Table 1). According to the
predetermined shape-size data of the seeds,
the appropriate tools, machines and systems
are selected for agricultural processes and
infrastructure is created for cultivation
studies in line with these methods.

In this study, the shape-size
characteristics of seeds belonging to various
grass pea genotypes were determined with a
stereo microscope (Nikon SMZ 745T). 100
seeds from each genotype were sampled
randomly and these seeds were examined
separately (Dumanoglu and Geren, 2020).

Table 1. Classification of seeds according to their geometric characteristics and shapes

(Yagcioglu, 2015)

Seeds according to Grain width/Grain Seeds according Length (a), Width (b),
their geometric length to their shapes Thickness (¢) (mm)
characteristics (b/a) (mm)

Long <0.6 Round acb=c
Medium 0.6-0.7 Oval a/3<b=c
Short >0.7 Long c<b<al3

After determining the values of shape-
size characteristics for each of the seeds
belonging to twenty-four different grass pea
genotypes, the following equations were
used to determine the projection area (mm?)

and mean arithmetic diameter (mm) values
of the seeds using this data (Mohsenin,
1970; Alayunt, 2000, Kara, 2012). The
projection area is calculated in order to
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equations the measured surface area values
of the seeds over the seed length and width.

Projection area:

Ai(m+L+W)/4 (1)
L : Seed length (mm)

W : Seed width (mm)

A: Projection area (mm?)

n:3.14

Mean Arithmetic Diameter:

D:(L+W)/2 (2)
D: Mean arithmetic diameter of the seed
(mm)

L: Seed length (mm)
W: Seed width (mm)

After randomly sampling the seeds of
twenty-four different grass pea genotypes
examined in the study, thousands of grain
weights were performed with three
repetitions completed on Radwag AS
220.R2 analytical scale (with a sensitivity
of 0.0001 g).

In the study, the germination time (days)
and ratio (%) of seeds of twenty-four
different grass pea (Lathyrus sativus L.)
genotypes were tried to be determined. For
this purpose, the seeds selected from
random samples from each genotype were
planted in Petri dishes under controlled
conditions with four repetitions in 3 days
(20-25°C, 60% humidity, dark
environment,) in a MEMMERT brand
incubator according to ISTA (2007) rules.
Seeds were monitored daily.

2.1. Statistical analysis

In this study, some physical (shape-size,
surface area, projection area, mean
arithmetic diameter, thousand grain weight)
and physiological (germination rate and
time) characteristics of seeds belonging to
twenty-four different grass pea genotypes

were tried to be determined. The seeds were
evaluated according to the randomized
blocks experimental design with four
repetitions and the data obtained were
evaluated statistically using the SPSS V.22
software. First, the difference of seeds was
determined at p <0.05 level via a One-Way
ANOVA test; and the values obtained were
tested with TUKEY. The weights of a
thousand grains belonging to genotypes
were obtained from the dissertation
prepared by Ozdemir (2016) (analyzed with
DUNCAN statistical method at p <0.01
significance level).

3.Results and Discussion

In this study, seeds obtained from
twenty-four different grass pea (Lathyrus
sativus L.) genotypes were examined.
According to the results obtained, it was
determined that the physical characteristics
difference  between  genotypes  was
statistically significant. In general, it was
found that the average length values of
genotypes were 6.010 mm, width values
were 5.369 mm, surface area values were
28.773 mm?, projection area values were
25.830 mm? and arithmetic diameter values
were 5.690 mm. In addition, among all
genotypes, Coloratus and Leucotetragonus
obtained the highest values and the Ela
genotype obtained the lowest values (Table
2).

The length, width and form of seeds
belonging to different grass pea genotypes
coincide with the characteristics (6-8 mm
and 5 mm respectively) specified by
Genckan (1983). The seed surface can be
red, yellow gray-white or darker in color
and spotted (white or black in color).
According to the data obtained as a result of
the study, it was found that all grass pea
genotypes have a short and oval shape.
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Table 2. Some physical characteristics of grass pea genotypes

. Surface area Projection area I.V[ean .

No Name of Length (mm) Width (mm) (mm?) (mm?) .Arlthmetlc
genotype Diameter (mm)
Avg. Stdv. Avg. Stdv. Avg. Stdv. Avg. Stdv. Avg. Stdv.
1 452 6.637°¢  0.717 | 5.940¢ 0.636 | 35210 6.480 | 31.126% 6.223 | 6.298  0.648
2 481 6.912*  0.707 | 6.323* 0.642 | 36.701™  6.906 | 34.550® 6.431 | 6.618® 0.619
3 504 5.3428 0.587 | 4.8368 0561 | 23.157%  4.814 | 20.456" 4.314 | 5.089™ 0.527
4 508 5.356% 0.698 | 4.6738 0572 | 22.443% 5042 | 19.864" 4.681 | 5.014" 0.586
5 520 5.408Y 0.629 | 4.789¢ 0.551 22.342% 4922 | 20.477" 4305 | 5.099™ 0519
6 522 5.410Y 0.678 | 4.760¢  0.702 | 23.010% 5794 | 20.482" 5633 | 5.085" 0.641
7 528 5.453Y 0.664 | 4.877¢ 0501 | 24.016%  5.127 | 21.061" 4480 | 5.165'  0.540
8 531 5.391Y 0.519 | 4.8438 0544 | 23.480%  4.605 | 20.644" 3.928 | 5.117" 0.486
9 553 6.713"  0.763 | 6.050* 0.770 | 35.488™¢  7.473 | 32.254* 7.548 | 6.381* 0.731
10 Adiyaman pop. 5.409Y 0.663 | 4.865¢ 0.513 | 23.092%  4.684 | 20.827" 4265 | 5.137" 0.532
11 Colaratus 7.195* 0.865 | 6.508* 0.706 | 40.019*° 7.834 | 37.098* 7.834 | 6.851*° 0.729
12 Ela 5177 0.684 | 4.640¢ 0.621 | 21.287% 5516 | 19.111" 4.842 | 4.908' 0.614
13 Elazig pop. 5.255Y 0.587 | 4.659¢ 0458 | 21.280%  4.151 | 19.348" 3.707 | 4.957" 0473
14 Eren 6.588%¢  0.710 | 5.894% 0.634 | 33.856°®  6.044 | 30.729°° 6.191 | 6.241° 0.622
15 Giirbiiz 6.091%  0.650 | 5.435 0.640 | 28.805%" 5308 | 26.221% 5508 | 5.763¢"¢  0.589
16 Hat-1 6.519°  0.679 | 5.840 0.691 | 33.174°*" 5560 | 30.170<* 6.331 | 6.180° 0.646
17 Hat-6 5.895¢ 0.558 | 5.239f 0.542 | 27.660¢"  4.737 | 244112 4378 | 5.567% 0.506
18 Hat-12 6.368%"  0.608 | 5.675% 0.512 | 31.989%" 4401 | 28.513¢ 4.724 | 6.021* 0.502
19 Hat-17 5.969¢ 0.641 5.2230  0.560 | 27.212" 5437 | 24.639¢  4.749 | 5.596%  0.538
20 Hat-18 6.356%"  0.556 | 5.738% 0.521 | 34.667°  4.688 | 28.775%" 4.626 | 6.047*  0.488
21 Hat-19 6.188  0.564 | 5.487¢ 0.551 | 30.562¢" 5281 | 26.818% 4735 | 5.838" 0.511
22 Iflis491 5.855¢"  0.613 | 5.215" 0.606 | 27.412™ 5259 | 24.135¢  4.822 | 5.535¢ 0.542
23 | Leucotetragonus 7.206* 0.705 | 6.474* 0.715 | 39.930°> 6.743 | 36.866° 6.871 | 6.840°  0.638
24 Mardin pop. 5.536" 0.641 | 4.883¢ 0.606 | 23.769% 5086 | 21.347" 4.818 | 5210" 0.588
Avg. 6.010 0.654 | 5369 0.598 28.773 5496 | 25.830 5248 | 5.690 0.576

When we examine the thousand grain
weights (g) of seeds belonging to various
grass pea genotypes (Table 3), it was
determined that the lightest genotype
belongs to the Elazig population (99.830 g)
and the heaviest genotype belongs to
Coloratusa (172.070 g) (Ozdemir, 2016).
Germination time (days) and germination
percentages (%) of seeds belonging to
twenty-four different grass pea genotypes
were examined under controlled conditions

according to ISTA (2007) rules. Although
germination times were close to each other,
the fastest germinated genotype was the
Giirbiiz variety (0.508 days), while the
slowest germinating one was the Ela variety
(0.536 days) (Table 3). On the other hand,
when we examine the germination rates of
seeds that hatch in almost half a day; it has
been determined that all genotypes had over
85% germination ability, and almost all
seeds (100%) were germinated (Table 3).
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Table 3. Germination time / rate and one thousand grain weight of grass pea genotypes

Grass pea (Lathyrus sativus L.) is a

product

No Name of genotype Thous.and grain Germination Time | Germination Rate
weight (g) (days) (%)
1 452 143.970 0.517 100
2 481 137.170 0.512 100
3 504 111.170 0.531 99
4 508 103.130 0.518 96
5 520 110.700 0.513 100
6 522 103.170 0.517 96
7 528 107.000 0.512 100
8 531 117.730 0.517 100
9 553 132.630 0.515 87
10 Adiyaman pop. 114.300 0.511 96
11 Coloratus 172.070 0.508 94
12 Ela 105.530 0.536 100
13 Elazig pop. 99.830 0.516 100
14 Eren 138.970 0.511 100
15 Giirbiiz 127.930 0.510 100
16 Hat-1 139.900 0.518 100
17 Hat-6 121.630 0.532 100
18 Hat-12 146.200 0.517 100
19 Hat-17 129.210 0.523 100
20 Hat-18 143.130 0.523 99
21 Hat-19 135.400 0.520 99
22 Iflis-491 126.330 0.523 100
23 Leucotetragonus 155.170 0.524 99
24 Mardin pop. 118.230 0.524 99
4.Conclusion seeds according to their sizes during the

processing phase and the

valuable herbal resource that has been
cultivated since the early Neolithic ages
around 6000 BC. In this study, seeds from
twenty-four different genotypes of the grass
pea crop, which were evaluated in different
ways, were examined. The characteristics
of seeds are used to prevent crop losses
experienced especially during agricultural
production (such as plantation, harvesting
and product processing). The selection of
the suitable sowing machine to be used in
production or the settings of the sowing
order in the existing sowing machine, the
selection of the appropriate sieve during the
separation of the seeds taken from the
harvested plants, and the separation of the

processing of the seeds according to the
requirements are the main issues to be taken
into consideration. In addition, since the
seeds to be used must have a germination
rate of approximately 70% and above in
order for herbal products to provide
economic returns to the producer, the
climatic and environmental conditions
differ according to the region where the
product is grown, especially the length of
days become important. Therefore, it is
important to determine how long would it
take for the seeds to hatch. On the other
hand, seeds are evaluated according to their
general characteristics in breeding studies,
and such studies are diversified by taking
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into account the conditions that are
considered superior or weak.

In the study, some physical (shape-size,
surface area, projection area, average
arithmetic diameter, thousand grain weight)
and physiological (germination rate and
time) characteristics of the seeds belonging
to twenty-four different genotypes of grass
pea were tried to be revealed. It was
revealed that the seeds belonging to twenty-
four different grass pea genotypes generally
have a short and oval seed structure, and the
Coloratus and Leucotetragonus varieties
stand out in terms of length, width, surface
area, projection area, average arithmetic
diameter values compared to other varieties.
All grass pea genotypes are found to have
an 85-100% germination rate, but the fastest
germinating variety was Coloratus, and the
slowest germinating one was the Ela
variety. In terms of thousand grain weights,
Coloratus and Leucotetragonus varieties
were found to be the heaviest.
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Inci Danis1 (Pennisetum glaucum)’nin Tane Verimi ve Bazi Verim Unsurlarina Farkh
Azot ve Fosfor Seviyelerinin Etkisi Uzerine Bir On Calisma

Azad BENEKI , Hakan GEREN!" )
Ege Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Boliimii, Izmir
“Sorumlu Yazar (Corresponding author): hakan.geren @ege.edu.tr

Ozet

Akdeniz iklim kosullarinda yetistirilen inci darisi (Pennisetum glaucum)
bitkisinde giibreleme yonetiminin bilylime, verim ve verim dzelliklerine
etkisini degerlendirmek i¢in bir deneme yiiriitiilmiistiir. Calisma, sirastyla
iire ve TSP yoluyla uygulanan 5 azot seviyesi (0 kg, 3 kg, 6 kg, 9 kg ve
12 kg N da!) ve 5 fosfor seviyesi (0 kg, 3 kg, 6 kg, 9 kg ve 12 kg P,Os
da) igeren 25 islem kombinasyonu ile 4 tekrarlamali yiiriitilmiistiir.
Denemede; bitki boyu, bin tane agirligi, biyolojik ve tane verimi gibi bazi
ozellikler test edilmistir. Sonuglar, inci darisinin verim parametrelerinin
12 kg N da’a kadar artan azot seviyeleri ile yiikseldigini gostermistir.
Fosfor diizeylerinin etkisi de verime katki saglayan 6zellikleri 12 kg P da-
>a kadar arttirmis, ancak 9 kg da™"’1n iizerindeki artis genel olarak anlaml
bulunmamustir. Inci darisiin biyolojik ve tane verimi 12 kg N da™! ve 12
kg P da"’a kadar artan N ve P seviyeleri ile dogrusal bir sekilde artmigtir.
12 kg N da! + 12 kg P da’nin kombine uygulamasi maksimum tane
verimini saglamasina karsilik 9 kg N + 9 kg P da’! ile istatistiksel olarak
esit olmustur.
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Anahtar Kelimeler
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P

N

tane verimi

A Preliminary Study on the Influence of Different N and P Levels on the Grain Yield
and Some Yield Components of Pearl Millet (Pennisetum glaucum)

Abstract

An experiment was conducted to evaluate the effect of fertilization
management on growth, yield and yield attributes of pearl millet
(Pennisetum glaucum) grown under Mediterranean climatic condition.
The experiment was conducted with 25 treatments combination of 5
nitrogen levels (0, 3, 6, 9 and 12 kg N da') and 5 phosphorus levels (0,
3, 6,9 and 12 kg P,Os da!) applied through urea and TSP, respectively
with 4 replications. Some properties tested in the study such as plant
height, thousand grain weight, biological and grain yield. The results
indicated that yield attributing parameters of pearl millet crop increased
with increasing N levels up to 12 kg N da’'. Effect of P levels also
increased yield-attributing characters up to 12 kg P da’!, but increase
beyond 9 kg da! was not found significant in general. Biological and
grain yield of pearl millet increased in a linear fashion with increasing
levels of N and P up to 12 kg N and 12 kg P da'. The combined
application of 12 kg N da™! + 12 kg P da’! produced maximum grain yield
however; it was statistically at par with 9 kg N da! + 9 kg P da’'.
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Benek ve Geren

1.Giris

Bugdaygiller (Gramineae) familyasinda,
kiigiik taneli tahillar i¢in genel bir terim olarak
kullanilan dar1, farkli familyalar altinda da ele
alinmakta olup, taksonomik ag¢idan karigik bir
yap1 sergilemektedir (Poehlman ve Sleper,
1995). Darn tiirlerinin ¢ogu morfolojik olarak
birbirlerine benzediginden bu tiirler birden
fazla isim alabilmektedirler. Diinyada yaygin
olarak yetistirilen bes dar1 cinsi bulunmaktadir.
Bunlar; cin dar (Setaria italica), kum dari
(Panicum miliaceum), parmak dar (Eleusine
coracana),  ahir  daris1  (Echinochloa
frumentacea) ve inci dar1 (=mavi zencidarisi)
(Pennisetum glaucum veya P.typhoideum)’dir
(Gupta ve ark., 2012).

Sicak iklim (C-4) bugdaygili olan inci
darisi, 2n=14 kromozom yapisina sahip, tek
yillik, Afrika kokenli bir bitkidir (Newman ve
ark., 2010; Gupta ve ark., 2012; Jennings ve
ark., 2020). Yaygin olarak Sahra alt1 Afrika ve
Hindistan’da yetistirilmektedir (Bhanuchandar
ve ark., 2020). Yetistirildigi bolgelerde insan
gidasi ve hayvan yemi olarak
degerlendirilmektedir (Arun Kumar ve ark.,
2005; Khair ve ark., 2019). Tiirkiye’de ise

tariminin yapildigina iliskin bilgi
bulunmamakla birlikte, bir takim deneysel
calismalar  ylritilmiistir  (Agani  ve

Erginkaya, 2019). Inci dar1 yogun koklii bir
yem bitkisidir. Yapraklar1 1.5 m uzunluklara
varan ve 8 cm genislige sahip tiiylii yapidadir
(Andrews ve Kumar, 1992). Inci darismin
iklim agisindan bitkisel, iireme ve fizyolojik
ozellikleri, yliksek pH, toprakta diisiik verim,
yagisin az oldugu yerlerde, yiiksek tuzluluk ve
yiiksek sicaklik zorlu kosullarda biiylimeye
uygun bir bitkidir. Akdeniz ikliminin egemen
oldugu bolgelerde, sicak ve kurak yaz
mevsimlerinde sulama islemi yardimiyla
(Kumar ve Chopra, 2014) yetistirilebilen dar
bitkisi, alternatif bitkilerinden birisidir (Raza
ve ark.,, 2021). Bu g¢alismanin amaci,
Bornova/lzmir ekolojik kosullarinda
yetistirilen inci daris1 bitkisine farkli dozlarda
uygulanan azot ve fosforun tane verimi ve bazi
verim unsurlarina etkisini incelemektir.

2.Materyal ve Yontem

Calisma, Ege Universitesi Ziraat Fakiiltesi
Tarla Bitkileri Boliimii’niin Bornova deneme
tarlast ve laboratuvarinda yiiriitiilmiistiir.
Arastirmada inci darist bitkisel materyal olarak
kullanilmaistir. Arastirma yuriitildigi
donemlere ait (Mayis-Ekim) aylik ortalama
hava sicaklig1 (25.4 °C) ile aylik toplam yagis
miktarin1 (61.5 mm) incelemek icin Izmir
Meteoroloji  Ikinci Bélge Miidiirliigii niin
verilerinden yararlanimistir (MGM, 2021).
Tipik Akdeniz ikliminin egemen oldugu
yorede, s6z konusu donemlere ait son 30 yila
iliskin aylik ortalama hava sicaklig1 24.4 °C,
aylik toplam yagis miktar1 99.8 mm oldugu
saptanmustir. Denemenin yuriitildigi
donemlerdeki (Mayis-Ekim) hava sicakliginin
uzun yillar ortalamasindan 1 °C daha yiiksek,
yagis miktarinin ise 38 mm daha diisiik oldugu
belirlenmistir. Denemede kullanilan toprak
Bayindir/izmir’den saglanmis olup, yapilan
analiz sonuglarina gore; tinli-kum biinyede, pH
(5.83) bakimindan orta asit, kireg (% 1.67)
acisindan fakir, eriyebilir toplam tuz (% 0.03)
bakimindan ise tehlike arz etmedigi
saptanmistir. Ayrica, organik madde (% 1.62)
bakimindan “humusca fakir”, toplam azot (%
0.04) ve alinabilir fosfor (1.14 ppm) agisindan
fakir, alinabilir potasyum (159 ppm) ve Ca
(1300 ppm) agisindan da sirasiyla diisiik ve
fakir oldugu belirlenmistir (Kacar, 1986;
Kacar ve Katkat, 1999). Arastirma topragi bu
karakterleriyle giibre denemeleri i¢in yeterli
ozellige sahip olarak degerlendirilmistir.
Deneme sahasmin iklim ve toprak ozellikleri
acisindan, inci darisinin yetismesini kisitlayici
bir unsur bulunmadigi anlasilmis, yapilan
giibre ve sulama uygulamalar1 sayesinde
oldukca tatminkar bitkiler yetistirilmistir. Iki
faktorlii tesadiif parselleri desenine gore
diizenlenen arastirmada; inci darisina bes farkli
N (NO: 0, N3: 3, N6: 6, N9: 9 ve N12: 12 kg da
1 ile bes farkli P.Os (PO: 0, P3: 3, P6: 6, P9: 9
ve P12: 12 kg da') dozu uygulanmistir.
Calisma, saksi denemesi seklinde ve dort
tekerrlirlii olarak yiiriitiilmiis olup; toplamda
5x5x4=100 adet saks1 kullanilmstir.
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Tohumlar, 3 Mart tarthinde viyollere
ekilerek ¢cimlendirilmis, olusan fideler 5 Mayis
tarihinde (yazlik ana {irlin yetistirme donemi)
asil deneme yeri olan saksilara dikilmistir. Fide
bliyime siireci esnasinda da  saksilar
hazirlanmistir. Deneme topragi iki milimetrelik
elekten gecirildikten sonra her saksiya ayni
agirlikta (17 kg) doldurulmus ve tatbik edilecek
giibreler hazirlanmistir.

Fide dikimiyle birlikte hesaplanan azot
dozunun yaris1 (iire formunda) ile fosfor
dozunun (triple siiper fosfat) tamami ve ayrica
4 kg da! hesabiyla potasyum (K2SQO4), saksinin
merkezine ve fide kok  derinligine
uygulanmistir  (Singh  ve ark., 2019;
Bhanuchandar ve ark., 2020). Her saksiya iki
adet fide dikilmistir. Kalan azot dozunun yaris1
da (amonyum siilfat formunda) bitkiler 40-50
cm boya ulastiklarinda uygulanmustir. iki giinde
bir portatif nem 6lger ile topragin nem durumu
yakindan takip edilmis, ihtiyaca gore bitkiler
¢esme suyu ile sulanmistir. Bitkilere herhangi
bir su stresi yasatilmamustir. Saksi i¢inde ¢ikan
yabanci otlar elle sokiiliip, bitkinin su ve besin
maddesine  ortak  edilmemistir.  Deneme
stiresince herhangi bir hastalik veya zararh
kaydedilmemistir.  Bitkilerde = basaklanma
basladiginda, her saksidaki basaklar, kus
zararina karsi tiilden yapilmis keselerle izole
edilmistir. Basaktaki taneler fizyolojik olum
donemine (tane nemi ~% 13) ulastiginda
bitkiler kok seviyesinden bigilmis, demet
yapilarak etiketlendikten sonra gdlge bir
ortamda  kurumasi i¢in  birkag¢  giin
bekletilmistir. Kurutma isleminden sonra
basaklardaki taneler mekanik olarak (elle)
temizlenmis ve ayiklanmistir.  Arastirma
kapsaminda su 6zellikler incelenmistir:

Bitki boyu (cm): Toprak seviyesinden
basagin en ug noktasi arasindaki mesafe cetvel
yardimiyla 6l¢iilmiistiir. Biyolojik verim (g):
Kurumus bitki oldugu gibi (yaprak, sap, basak,
tane) hassas teraziyle tartilmig, ardindan ikiye
boliinerek (iki fide dikildiginden) saptanmustir.
Tane verimi (g): Biyolojik verimi saptanan
bitkilerden elde edilen ve temizlenmis tanelerin
agirhigl hassas terazi ile ol¢iilmiistlir. Bin tane
agirligr (g): 4 adet 100 tohum igeren gurubun
agirhigl hassas terazi ile tartilmis, ortalamasi 10

ile carpilarak hesaplanmigtir. Aragtirmadan elde
edilen rakamlar; iki faktorli tesadiif parselleri
desenine gore varyans analizine tabi tutulmus
(Yurtsever, 1984), giibre seviyeleri arasindaki
farklar LSD testi kullanilarak belirlenmistir.

3.Bulgular ve Tartisma
3.1.Bitki boyu

Analiz sonuglari, bitki boyu iizerinde P ve
N seviyelerinin 6nemli etkilerinin oldugunu
ortaya koyarken, PxN interaksiyonu onemsiz
bulunmustur (Tablo 1). Fosfor seviyesi genel
ortalamalar1 arasinda en yiiksek bitki boyu 237
cm ile P12 seviyesinde saptanirken, onu
istatistiki olarak ayni grupta yer alan P9 (234
cm) seviyesi izlemistir. En diisiik bitki boyu
204 cm ile PO dozunda saptanmis olup, P3 (210
cm) seviyesi ile ayn1 ve son grupta yer aldigi
belirlenmistir. Azot seviyesi genel ortalamalari
arasinda en uzun boylu bitkiler 238 cm ile N12
uygulamasinda belirlenirken, N9 (235 cm)
uygulamasinin da ayn1 ve ilk grupta yer aldig1
belirlenmistir. En kisa boylu bitkiler de 192 cm

ille NO wuygulamasinda  saptanmistir.
Calismamizda inci darist bitki boyuna dair
bulgularimiz genel olarak

degerlendirildiginde, her iki kontrol (PO ve NO)
uygulamalarina gére artan P ve N
seviyelerinin, en yliksek dozlar olan P12 ve
NI12 wuygulamasma kadar bitki boylarini
uzattig1 belirlenmistir. Fakat hem fosfor hem
de azot uygulamasinda; P9 ile P12 ve NO ile
N12 muameleleri arasinda istatistiki bakimdan
fark bulunmamistir. Ot amaciyla iiretilen
bircok yem bitkisinde yiiksek bitki boyu, birim
alandaki toplam ot veriminin artmasini
saglarken, tohum amagli liretimlerde yatmaya
neden olabilecegi (tohum kaybi, vb.) i¢in ¢ok
istenen bir durum degildir. Ozellikle N
giibrelemesi bitkilerde vejetatif biiylimeyi
tetikledigi icin uygun dozu agsmak bir risk
olusturabilir (gereginden fazla uzama, yatma,
yeralti suyu kirliligi, vb.). Inci daris1 gibi
dogas1 geregi uzun boylu bitkilerde bu risk
daha da oOnem arz etmektedir. Zira saksi
denememizde bazi1 varyantlarda iki buguk
metreye yakm boylar kaydedilmistir. Inci
darisiin lic metreye kadar boylandigi da
bildirilmistir (Hatipoglu, 2009).
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Table 1. Farkli P ve N seviyelerinin inci darisinda tane verimi ve bazi unsurlarina etkisi

PO P3 Pé6 P9 P12 Ort.

PO P3 P6 P9 P12 Ort.

Bitki boyu

Biyolojik verim

NO 172 174 200 203 211 192
N3 197 204 216 235 236 218
N6 212 216 230 238 239 227
N9 219 223 235 248 251 235
N12 220 234 240 246 250 238

171 173 174 179 191 178
205 220 224 228 243 224
261 264 266 309 281 276
279 288 279 360 339 309
293 291 324 381 350 328

Ort. 204 210 224 234 237

242 247 253 291 281

LSD P: 6.2%% N:6.1** PxN: ns P: 16.3** N:16.2** PxN: 36.4
Tane verimi Bin tane agirligi
NO 17.5 22.2 28.6 353 394  28.6 4.7 4.8 5.3 5.7 5.8 5.2
N3 30.4 36.4 424 47.5 515 41.6 6.2 6.6 7.4 7.3 7.8 7.1
N6 434 49.5 56.5 68.1 724  58.0 6.6 8.3 8.6 9.1 9.6 8.5
N9 495 526 596 885 883 677 7.3 8.3 87 113 104 92
NI2 537 577 666 931 941 73.1 7.5 8.5 9.0 113 108 9.4
Ort. 38.9 43.7 50.8 66.5 69.1 6.4 7.3 7.8 8.9 8.9
LSD P: 2.4%* N:2.3**% PxN:54 P: 0.4*%* N:0.5** PxN:1.2
ns: onemsiz, *: 6nemli (6=0.05), **: dnemli (6¢=0.01)
Calismamizda kontrol (PO ve NO) 3.2.Biyolojik verim
uygulamasinda inci dar1 bitkisinden 170

cm’den fazla bir boylanma kaydedilmesi, N ve
P bakimindan fakir konumda olan arastirma
topragindaki bu miktarlardan bile 1iyi bir
sekilde faydalanabildigini ortaya koymaktadir.
Benzer sonuglar bir¢ok arastirici tarafindan da
dile getirilmistir. Ornegin Ayub ve ark. (2007)
kontrol (0 kg) uygulamasinda 160 cm olan inci
dar1 bitki boyunun, dekara 10 kg N
uygulamasinda 229 cm’ye ulastiktan sonra 15
kg N uygulamasinda 224 cm’ye diistiiglind,
diger taraftan Joshi ve ark. (2018) dekara 6 kg
N verildiginde 128 cm olan bitki boyunun, 12
kg N uygulamasinda 147 cm’ye yiikseldigini,
Magqtari ve Basbaa (2019) ise inci darida
dekara 9 kg N + 4.5 kg P birlesiminin en
yiiksek bitki boyu (210 cm) sagladigini ifade
etmislerdir. Diger taraftan Singh ve ark.
(2019), dekara 0 kg P uygulamasinda 207 cm
olan bitki boyunun 6 kg P dozunda 216 cm’ye
yiikseldigini belirtmislerdir. Arastirmacilarin
bu sonuglari, inci darisina verilen N ve P
miktar1  arttikga  bitki  boylarmin  da
yiikseldigini, ayrica c¢aligmalarda kullanilan
inci darist genotipik farkliliklarinin oldukca
genis bir varyasyon gosterdigini ortaya
koymaktadir. Calismamizda, inci dar1 bitkisine
kontrole gore artan seviyelerde N ve P
uygulamasi bitki boyunu yiikselttiginden,
bulgularimizin  yukaridaki arastirmacilarin
sonuclartyla  uyum  igerisinde  oldugu
degerlendirilmistir.

[statistiki analiz sonuglari, biyolojik verim
iizerinde interaksiyonun (PxN) Onemli
bulundugunu ortaya cikarmistir (Tablo 1).
Calismamizda interaksiyonun Onemli olmasi
nedeniyle; en yiiksek biyolojik verim 381 g
saksi! ile P9-N12 kombinasyonundan elde
edilirken, onu istatistiki olarak aynmi ve ilk
grupta yer alan P9-NO (360 g saks1') ve P12-
N12 (350 g saksr!) kombinasyonlart
izlemistir. En diisiik biyolojik verim ise 171 g
saks1™! ile  PO-NO  kombinasyonunda
saptanirken, onu istatistiki olarak ayni ve son
grupta yer alan P3-NO (173 g saksi'), P6-NO
(174 g sakst™"), P9-NO (179 g saks1™') ve P12-
NO (191 g saksi!) kombinasyonlarmin takip
ettigi belirlenmistir. Inci darismm biyolojik
verimi genel olarak degerlendirildiginde, PO
uygulamasindan P9’a kadar artan fosfor
dozunun biyolojik verimi yiikselttigi, fakat
P12 uygulamasinda hafif bir azalmaya neden
oldugu anlasilmistir. Bir baska ifadeyle, P9 ile
P12 uygulamasi arasinda istatistiki anlamda
fark bulunmamistir. Diger taraftan, NO’dan
itibaren artan azot dozlar karsisinda biyolojik
verimin  silirekli  ylkseldigi  saptanmistir.
Bulgularimiz  biyolojik verim {iizerinde N
seviyesinin dogrusal bir etkiye sahip olmasi
nedeniyle kirilma noktasi yakalanamadigini,
bu nedenle artan N seviyeleriyle aragtirmanin
devam etmesi gerektigini ortaya koymaktadir.
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Bir bitkinin toprak st kuru madde
biriktirebilme performansini ve ayni zamanda
bitkilere  uygulanan  farkli  islemlerin
yansimasint net bir sekilde ortaya koyan
biyolojik verim iizerinde bir¢ok arastirmaci,
giibre yonteminin Oonemli etkisinin
bulunduguna isaret etmislerdir. Ornegin,
Hindistan ekolojisinde inci darisina farkh
giibre kombinasyonu tatbik eden Kumar ve
ark. (2014), kontrol uygulamasinda dekara 511
kg olan biyolojik verimin dekara 4 kg N + 2 kg
P+2kg K+ 2 kg Zn + 2 kg jips verildiginde
1048 kg’a ¢iktigin1  bildirmislerdir. Ayni
ekolojide calisan Gautam ve ark. (2020), inci
darisina dekara 0, 4, 8, 12 kg N ve 0, 3, 6 kg P
uygulamiglardir.  Arastirmacilar,  NO-PO
kombinasyonunda 764 kg da! olan biyolojik
verimin, N12-P6 uygulamasinda 1141 kg da
a yiikseldigini fakat N12-P3 (1119 kg da™) ve
N8-P6 (1098 kg da') arasinda &nemli fark
olmadigin1 belirtmislerdir. Pakistan sartlarinda
inci darisina dekara 0, 4.5, 9, 13.5 kg N
uygulayan Raza ve ark. (2021), kontrol
uygulamasinda 125 kg da! olan biyolojik
verimin, 13.5 kg N da”! seviyesinde, 137 kg da”
a yiikseldigi ifade ederek daha yiiksek N
dozlarmin incelenmesi gerektigi hiikmiine
varmiglardir. Calismada inci darisina tatbik
edilen N ve P dozlarinin biyolojik verim
iizerine olan etkileri, diger arastirmacilarin
sonuglartyla uyumlu olmasma ragmen,
rakamsal degerler birbirlerinden oldukga farkl
oldugu goze ¢arpmaktadir. Bu farkliligin temel
nedeni denemelerin farkli ortamlarda (saksi,
tarla  denemesi, vb.) ve ekolojilerde
ylriitiilmesiyle birlikte, kullanilan ¢esitlerin de
farkli olmasindan kaynaklanmaktadir.

3.3.Tane verimi

Varyans analiz sonuglari, tane verimi
iizerinde interaksiyonun (PxN) Onemli
oldugunu gostermistir (Tablo 1).

Interaksiyonun 6nemli olmasi nedeniyle; en
yiiksek tane verimi 94.1 g saks1™! ile P12-N12
kombinasyonundan elde edilirken, onu
istatistiki olarak ayni1 ve ilk grupta yer alan P9-
N12 (93.1 g saks1™), P9-NO (88.5 g saks1™") ve
P12-N9 (88.3 g saksi') kombinasyonlart
izlemistir. En diisiik tane verimi ise 17.5 g
sakst! ile  PO-NO  kombinasyonunda

saptanirken, onu istatistiki olarak ayni ve son
grupta yer alan P3-NO (222 g saksi))
kombinasyonu izlemistir. Caligmada, tane
verimine iligkin ortalama bulgularimiz genel
olarak yorumlandiginda, kontrol
uygulamasindan itibaren en iist seviyeler olan
P12 ile NI2 wuygulamasmma kadar tane
veriminin siirekli ylikseldigi saptanmistir.
Buna karsilik azot ve fosforun birlesik
(kombineli) uygulanmasi, ortalamalardan daha
yiiksek verimin alinmasina yol agmis ve bu
nedenle interaksiyon oOnemli bulunmustur.
Rakamsal olarak en yiiksek tane verimi P12-
N12 kombinasyonunda alinmasia karsilik,
istatistiki anlamda P9-N9 uygulamasiyla
aralarinda fark bulunmamistir. Buna ek olarak,
tane verimi lizerinde P seviyesinde bir kirilma
noktasi belirlenmesine ragmen, N seviyesinin
dogrusal bir etkiye sahip olmasi nedeniyle
kirilma noktas: yakalanamamistir. Bati ve
Dogu Nebraska’da c¢alisan Maman ve ark.
(2006), inci darisinin tane verimi iizerinde
dekara 13.5 kg N uygulamasinda bile lineer
etkinin devam ettigini ve kurakligin N
giibresinden  yararlanmay1 kisitladigini
belirtmiglerdir. Buna karsilik Obeng ve ark.
(2012), Alabama’da, farklt N dozlarinin (0, 4,
8, 12 kg da!) inci darisinda tane verimi
lizerinde Onemli bir etki olusturmadigi, bu
nedenle inci darisinin smirli N girdisi ile
yetistirilebilecegini one stirmiislerdir.
Yukaridaki arastirmacilarin  bu sonuglari
bulgularimiza uyarlandiginda; yore
kosullarinda ¢alismamizdan elde edilen
bulgularin dogrulanmasi igin arastirmanin bir
yil daha ve artan N seviyeleriyle
tekrarlanmasinin gerektigini ortaya ¢ikarmakta
olup yeni bir calisma konusu olabilecegini akla
getirmektedir. Bilindigi gibi inci daris1 hem ot,
hem de tanesi i¢in iiretilen bir bugdaygil
bitkisidir. Calismamizda bitkinin tane verimi
iizerinde giibre yOnetiminin 6nemli etkisinin
bulundugu saptanmistir. Zira dekara 9’ar kg N
ille P uygulamasi, kontrol (P0-NO)
uygulamasina gore tane verimini yaklagik 3 kat
yukseltmistir. Nitekim pek ¢ok arastirmaci,
inci darisina uygun zamanda ve uygun
miktarda verilen besin maddelerinin tane
verimini yiikselttigini bildirmislerdir (Prasad
ve ark., 2014; Reddy ve ark., 2016; Joshi ve
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ark., 2018; Magqtari ve Basbaa, 2019; Singh ve
ark., 2019). Bilindigi gibi azot vejetatif
biliylime ve gelismeyi desteklerken, fosfor da
ozellikle tohum gibi depo organlarinda (fitat
seklinde) agirlik artisina neden olmaktadir
(Kacar, 1986; Kacar ve Katkat, 1999). Sonug
olarak ortamdaki alabilir N ve P miktar
arttikca tane verimi de artmaktadir. Bu artis
tizerinde diger besin elementlerinin miktart ve
bitki genotipinin de dnemli etkisi oldugunun
altim ¢izmek gerekmektedir. Inci darisinm
tane verimi iizerine P ve N dozlarinin etkisini
arastiran pek c¢ok arastirmaci, kontrole gore
artan dozlarin tane verimini yiikselttigini
vurgulamislardir. Ornegin Hindistan
kosullarinda inci darisi ile ¢alisan Kumar ve
ark., (2014), kontrol (TO) uygulamasinda 95 kg
da™! olan tane veriminin, T6 (4 kg N + 2 kg P +
2 kg K + 2 kg Zn + 2 kg jips da’')’da 201 kg
da'’a (2.11 kat) yiikseldigini, bunu aralarinda
istatistiki anlamda fark olmaksizin T4 (4 kg N
+2kgP+2kg K+2kgZndal), TS (4kg N
+2kgP+2kg K +2kgjips da?') ve T3 (4 kg
N + 2 kg P + 2 kg K da!)’iin takip ettigini
bildirmislerdir. Prasad ve ark. (2014) ise inci
darisinda en yiiksek tane veriminin dekara 12
kg N uygulamasiyla alindigimni bildirmesine
ragmen istatistiki anlamda 9 kg N ile aym
grupta yer aldigimi belirtmiglerdir. Yine
Hindistan ekolojisinde ¢alisan Reddy ve ark.
(2016), kontrolde 139 kg da' olan tane
veriminin T7 (10 kg N + 3 kg P + 4 kg K da’
1)’de 2.76 kat yiikseldigini fakat T4 (10 kg N +
3 kg P + 2 kg K da'yiin (2.73 kat) en
ekonomik giibre kombinasyonu oldugunu
belirtmislerdir. Joshi ve ark. (2018) inci
darisima dekara 6 kg dozunda verilen N
karsisinda 377 kg da! olan tane veriminin, 12
kg uygulamasinda verimi 1.19 kat arttigini,
fakat 8 kg uygulamasinin (1.08 kat) daha
ekonomik sonug¢ sagladigini ifade etmisglerdir.
Pakistan ekolojisinde inci darisiyla calisan
Yasin ve ark. (2018), dekara 2’ser kg P+K
uygulamasinda 238 kg da' olan tane
veriminin, 6’sar kg P+K uygulamasiyla 430 kg
da'a (1.81 kat) yiikseldigini bildirmislerdir.
Yemen sartlarinda inci darisinda calisan
Magqtari ve Basbaa (2019), dekara 9 kg N ile 3
kg P birlikte uygulamasinin tane verimini
onemli Olglide arttirdigimi dile getirmiglerdir.

Singh ve ark., (2019) inci darisinda dekara 0 kg
P (kontrol) muamelesinde 188 kg da-1 olan
tane veriminin, 6 kg P da! uygulamasiyla 1.84
kat yiikseldigini tespit etmislerdir. Dis ortam
kosullarinda ve saksi denemesi seklinde
ylriittiigiimiiz bu ¢alismada, protogyny (disi
organin, erkek organdan Once olgunluga
erismesi) nedeniyle yabanci déllenen bir
bugdaygil bitkisi olan inci darisinin Bornova
kosullarna  uyum  saglayarak, tohum
olgunlastirdig1, glibre uygulamalarina pozitif
ve onemli tepki verdigi saptanmistir. Bitkiye
uygulanan ~ P12-N12  kombinasyonunda
rakamsal olarak en yiliksek tane verimi
alinmasina karsilik, istatistiki anlamda P9-N9
uygulamasiyla aralarinda fark bulunmamustir.
Ayrica bu kombinasyonlar, kontrol (PO-NO)
uygulamasina gore tane verimini yaklasik 3 kat
yiikseltmistir.

Calismada incelenen giibreleme
yonetiminin inci darisinin tane verimi lizerine
olan etkileri, diger arastirmacilarin
sonuclartyla uyumlu olmasina  karsilik,
verimlere iliskin sayisal degerler ¢cok farklidir.
Bu farkliligin nedeni, denemelerin farkl
ortamlarda (tarla, vb.), degisik iklim ve toprak
kosullarinda gergeklestirilmesine ek olarak,
kullanilan genotiplerin de farkli olmasindan
kaynaklandig1 diistiniilmektedir.

3.4.Bin tane agirhg:
[statistiki analizler, bin tane agirhig
iizerinde interaksiyonun (PxN) Onemli

olduguna isaret etmistir (Tablo 1). Bu nedenle;
en yiiksek bin tane agirligi, aralarinda 6nemli
fark olmaksizin sirasiyla P9-N9 (11.3 g), P9-
N12 (11.3 g), P12-N12 (10.8 g) ve P12-N9
(10.4 g), en diisiik bin tane agirhig ise, yine
aralarinda 6nemli fark olmaksizin sirastyla PO-
NO (4.7 g), P3-NO (4.8 g), P6-NO (5.3 g), P9-
NO (57 g ve PI2-NO (58 g
kombinasyonlarinda belirlenmigtir. Bin tane
agirhigma ait  bulgulart  genel olarak
degerlendirildiginde, inci darisina verilen azot
seviyesi, NO’dan N12 seviyesine
yiikseldiginde tohum agirligmin yiikseldigi
belirlenmis, ancak N12 ve N9 dozlar1 arasinda
istatistiki acidan bir fark saptanmistir. Diger
taraftan inci darisina verilen fosfor seviyesi
P0’dan P12 seviyesine yiikseldiginde tohum
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agirliklarimin yine arttigi, fakat P9 ile P12
oranlar1 arasinda onemli bir fark olmadigi
belirlenmistir. Bilindigi lizere bin tane agirlhigs;
tohumlarin fiziksel o6zellikleri (dolgunluk,
cilizlik, vb.) ve un verimi hakkinda bir fikir
vermesi agisindan Onem tasimakta olup,
ekolojik faktorler (iklim, toprak, vb.), bitkinin
genotipik 6zelligi ve beslenme durumuna gore
degiskenlik gdstermektedir. Inci dar1 bitkisinin
bin tane agirligi da bu faktorlerin etkisi
altindadir. Ornegin, Dumanoglu ve ark. (2022)
farkl1 inci daris1 genotiplerinin bin tane
agirhiklarmin 6.3-8.7 g arasinda varyasyon
gosterdigini  bildirmislerdir. Kumar ve ark.
(2014) inci darisinin bin tane agirliginin, farkl
giibre  yonetiminden Onemli  derecede
etkilendigini, kontrol uygulamasinda 6.3 g
olan tohum agirhiginin T4 (10.2 g) ve T6 (10.5
g) uygulamalarinda en yiiksek degerlere
ulastigini bildirmislerdir. Prasad ve ark. (2014)
NO (kontrol)’da 6.9 g olan bin tane agirliginin
12 kg N dalda 94 ga yikseldigini
saptamiglardir. Buna karsilik Yasin ve ark.
(2018) inci darisina uygulanan farkli P ve K
dozlarmmn (2-2, 4-4 ve 6-6 kg P-K da') bin
tane agirlhigr (9.1 g) ilizerine 6nemli etkisinin
bulunmadigini  bildirmislerdir. Magqtari ve
Basbaa (2019) ise dekara 9 kg N + 4.5 kg P
uygulamasinin her iki y1l maksimum bin tane
agirligr (11.4 ve 10.9 g) sagladigini, Singh ve
ark. (2019) P0’da 15.5 g olan bin tane
agirliginin, dekara 6 kg P verildiginde 19.9 g’a,
Raza ve ark. (2021) ise NO’da 5.6 g olan bin
tane agirligmin, dekara 13.5 kg N
uygulandiginda 6.5 g’a yiikseldigi
saptamislardir. Gautam ve ark. (2020) da artan
N ve P dozlarimin bin tane agirlig: iizerinde
onemli ve pozitif etkisi oldugu bildirmislerdir.
Kontrol (NO-P0) uygulamasinda 5.9 gram olan
tohum agirhiginin, dekara 8 kg N + 6 kg P
uygulanmasi1 durumunda 8 grama yiikseldigini
belirtmislerdir. Diinyanin mubhtelif
ekolojilerinde yiiriitiilen ve yukarida agiklanan
sonuclardan da izlenebildigi gibi, inci darisina
kontrol uygulamasina gore artan dozlarda N ve
P uygulanmasi bin tane agirligini yiikseltmesi
sonucu, bu ¢alismadan elde edilen bulgular
dogrulamaktadir. Ancak tohum agirlig
rakamsal degerlerinin, diger arastirmacilarin
sonuglartyla farklilik arz ettigi de ortadadir. Bu

farkliligin nedenlerini, caligsmalarin
gergeklestirildigi  ekolojilerin ve kullanilan
genotiplerin farkli olmasina dayandirabiliriz.

4.Sonuc¢
Bornova-izmir  ekolojisi  dis  ortam
kosullarinda ve saksi denemesi seklinde

yiiriitiilen c¢alismada, protogyny nedeniyle
yabanci dollenen bir bugdaygil bitkisi olan inci
darisinin  yore kosullarina ¢ok iyi uyum
sagladigi, tohum olgunlastirdigi, giibre
uygulamalarina pozitif ve 6nemli tepki verdigi
saptanmistir. Dekara 12 kg’a kadar artan N
seviyesinin verim unsurlar iizerine dogrusal
etkisi belirlenmistir. Benzer sekilde, dekara 12
kg’a kadar artan P seviyesi de verim ve verim
unsurlarin1 yiikseltmis, ancak 9 kg da'in
iizerindeki artig genel olarak anlamli
bulunmamistir. Bitkiye uygulanan P12-N12
kombinasyonunda rakamsal olarak en yiiksek
tane verimi alinmasmma karsilik, istatistiki
anlamda P9-NO uygulamasiyla aralarinda fark
bulunmadigi, bu kombinasyonlarin kontrol
(PO-NO) uygulamasina gore tane verimini
yaklasik 3 kat yiikselttigi de saptanmistir. Inci
darisina iliskin ulasilan bu sonuglarin, en az iki
yillik tarla g¢aligsmalariyla desteklenmesi ve
daha yiiksek azot seviyelerinin aragtirilmasi
gerektigi kanaatine de varilmstir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarimi, makalenin yayina hazir son
halini gordiiklerini/okuduklarin ve
onayladiklarini beyan ederler.

Cikar Catismas1 Beyam

Tiim yazarlar, bu ¢alisma i¢in herhangi bir
cikar ¢atigsmasi olmadigini beyan etmektedir.
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Yumusak Cekirdekli Meyve Yapraklarinin Topraklarin Baz1 Ozelliklerine Etkisi
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Ozet Arastirma Makalesi

Bu calismanin amaci, yumusak ¢ekirdekli meyve yapraklarinin topraga

geri doniisiimii sonucu topraklarin nem sabiteleri (TK, YS), bosluk hacmi

(f) ve penetrasyon direnci (PNTR) fiizerine etkileri arastirmaktir. Bu

amagla elma, armut, ayva ve hurma yetistiriciligi yapilan bahgelerden ve

kontrol noktalarindan ilgili dl¢iimler ve ornekler alinmis ve gerekli

analizler yapilmigtir. Elde edilen sonuglara gore, kontrol noktasina Makale Tarihgesi

kiyasla toprak degiskenlerinden OM, TK, f, YS artis gosterir iken, HA, Gelis Tarihi :03.10.2022
pH ve PNTR azalis gostermistir. Kontrole goére yumusak g¢ekirdekli Kabul Tarihi 1 15.12.2022
meyve bahgelerindeki topraklarda goriillen bu artis ve azalislar

istatistiksel olarak anlamli gorilmiistiir (p<0.05). Ayrica toprak

ozellikleri lizerine en fazla etkiyi elma ve ayva yapraklart gosterir iken en

az etkiyi armut yapraklar1 gostermistir. Bu durum yumusak cekirdekli

meyve yapraklarinin organik madde igerigi ile iligskilendirilmistir. Sonug Anahtar Kelimeler
olarak bitki atiklariin topraga geri doniisii topraklarin fiziksel Bitki atiklar
ozelliklerini iyilestirmistir. Topraklardaki en fazla fiziksel iyilesmeyi goz fiziksel iyilesme
onlinde bulundurdugumuzda bahge yetistiriciligi yapmak isteyenlere toprak sagligi

armut diginda diger yumusak cekirdekli meyve (elma, ayva, hurma)
agaclarini dnerebiliriz.

The Effect of Soft Core Fruit Tree Leaves on Some Soil Properties

Abstract Research Article
The main purpose of this study is to investigate the effects on soil
moisture constants (TK, YS), soil porosity (f) and penetration resistance
(PNTR) as a result of recycling leaves of pome fruit trees to soil. For this,
relevant measurements and samples were taken from the orchards where
apple, pear, quince and date palm trees were grown and at the control

point and necessary analyzes were made. According to the results Artic.le History
obtained from the study, the soil variables OM, TK, f, YS increased, Received :03.10.2022
while HA, pH and PNTR decreased compared to the control point. These Accepted 0 15.12.2022

increases and decreases in the soils of pome fruit tree orchards were
statistically significant compared to the control (p<0.05). On the other
hand, apple and quince tree leaves showed the most effect on soil
properties, and pear tree leaves showed the least effect. This was
associated with the organic matter content of pome fruit tree leaves. As a
result, the return of plant wastes to the soil improved the physical
properties of the soils. Considering the most physical improvement in the
soil, we can recommend other pome fruit (apple, quince, date) trees other
than pear trees to those who want to grow garden plants.

Keywords

Plant waste
physical recovery
soil health
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Aydemir ve Kara

1.Giris

Tarimda siirdiiriilebilirlik, bir¢ok c¢ift¢i ve
ziraat miithendisi i¢in Onemli bir hedeftir.
Stirdiiriilebilir tarim i¢in  toprak organik
maddenin  korunmasi  veya  artirilmasi
gerekmektedir. Toprak organik madde,
mikroorganizmalarin uygun ortam, sicaklik ve
nem kosullarin da bitki ve/veya hayvan
atiklarin1 parcalanmasi sonucu elde edilir.
Bitki atiklar1 toprak organik maddenin biiyiik
cogunlugunu olusturur ve bunlar toprak
ylizeyinde yaprak, govde ve aniz dan ibarettir.
Birgok arastirmaci bitki atiklarinin topraklarin
organik madde icerigini iyilestirebilecegini
belirtmistir (Kacar ve ark., 1996; Kiitiik ve
Cayci, 2000; Kara ve ark., 2021; Kara ve ark.,
2022). Kara ve ark. (2021) yilinda yaptiklar
calismada, bitki atiklarmin topraga girdisi ile
tarimda strdiiriilebilirligin saglanabilecegini
rapor etmistir. Toprakta organik madde artisi,
yiizey topraginin yaklasik 10-15 cm derinligini
etkileme potansiyeline sahiptir. Bu durum
toprak verimliligini sinirlasa da toprak igin
kritik bir bolgedir. Cilinkii besin maddelerinin
ayristigl, geri doniistiigl, bitki atiklarimin
eklendigi, yagisin topraga girdigi, tohumlarin
ekildigi, filizlendigi ortamdir. Bu sebeple bitki
atiklarinin ~ yiizey topragmi  (0-15 cm)
iyilestirme potansiyeli, bitki ve toprak
verimliligi i¢in hala kritik bir 6neme sahiptir.
Organik madde, topragin fiziksel, kimyasal ve
biyolojik 06zelliklerini etkileyen temel bir
bilesendir. Topragin fiziksel 6zelliklerinden su
tutma kapasitesini (Murphy, 2014; Yang ve
ark., 2014; Medrano ve ark., 2015; Williams ve
ark., 2016), poroziteyi, tarla kapasitesini,
yarayisl su igerigini (Pinamonti, 1998;
Nemethy, 2004; Yilmaz ve Alagoz, 2008; Kara
ve ark., 2021; Kara ve ark., 2022) artirir iken
penetrasyon direnci ve hacim agirhigini
(Aggelides ve Londra, 2000; Celik ve ark.,

2004; Leroy ve ark., 2008) ise azaltmaktadir.
Topragin kimyasal o6zelliklerinden katyon
degisim kapasitesini, selatlar olusturarak besin
maddelerinin toprak ¢oOzeltisindeki
¢cozlnlrliigiinii artirmasinin yan1 sira besin
mevcudiyetine yardimci olmaktadir. (Barik,
2011; Saltali ve Kara, 2022). Ayrica organik
madde  topragin  biyolojik  ¢esitliligini
saglamada hayati bir rol oynamaktadir. Tarim
topraklaria bilingsiz insan miidahalesinden
(bitki ortiistinlin yakilmasi, tekrarlayan toprak
isleme gibi) dolay1r cogu tarim topraginin,
organik madde icerigi tilkenmistir. Topraktaki
ciddi organik madde kayiplar
stirdiiriilebilirligi ve toprak sagligini tehlikeye
sokmaktadir. Bu calismanin amaci, ayni alanda
tesis edilmis kontrol noktast ve yumusak
cekirdekli meyve yapraklarinin (armut, ayva,
elma, hurma) toprak sikismasina, nem
icerigine ve bosluk hacmi iizerine etkisi
arastirilmaya calisilmistir.

2.Materyal ve Yontem
2.1. Materyal

Calisma, Kahramanmaras Siitcii Imam
Universitesi Ziraat Fakiiltesi’ne ait bahce
tesisinde gerceklesmistir (37S  X:307701
Y:4162963). Elma, armut, ayva ve hurma
bahgesinin 3 farkli noktasindan toprak
ornekleri alinarak yiiriitiilen ¢aligmada kontrol
noktas1 (bos alan ama zaman zaman tarla
tarimimin yapildigi ve tarim makinalarina
maruz kalmig alan) calisma alanini temsil
edecek sekil de belirlenmistir.  Yumusak
cekirdekli meyvelerden elma, armut ve ayva
2005 yilinda hurma ise 2010 yilinda
dikilmistir. Calismaya konu olan alandaki
elma cesidi red fuji, armut; santa maria, ayva;
ekmek ve hurma ise fuyu cesididir. Calisma
alanindan cekilen baz1 goriintiiler Sekil 1°de
verilmistir.
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LY

Armut Bahgesi

Elma Bahgesi -

Yumusak c¢ekirdekli meyve yapraklarinin
organik madde igeriklerini belirlemek amaci
ile her meyve bahgesinin (hurma, ayva, armut,
elma) 3 farkli noktadan toplamda 12 adet
toprak Ornegi almmig ve gerekli analizler
yapilmistir.  Yumusak ¢ekirdekli meyve

Sekil 1. Ornekleme esnasinda elde edilen goriintiiler

Sk Hurma Bahgesi

yapraklarinin bazi Ozellikleri Tablo 1°de
verilmistir. Buna gore en yiiksek organik
madde igerigi ayva yapraginda (% 90.87)
goriillir iken en diislik organik madde igerigi
ise armut yapraklarinda (% 80.89) tespit
edilmistir.

Tablo 1. Yumusak ¢ekirdekli meyve yapraklarinin bazi 6zellikleri

Degiskenler Hurma yapragi Ayva yapragi Elma yaprag Armut yapragi
Kiil (%) 12.13 9.13 10.16 19.11
C (%) 50.96 52.7 52.11 46.92
OM (%) 87.87 90.87 89.84 80.89

C: Organik karbon, OM: Organik madde

2.2.Yontem

Topraklarin saturasyonu biiret yardimi ile
belirlenmis ve harcanan su miktar1 ml
cinsinden not edilmistir (Demiralay, 1993).
Sature edilmis ¢camurlarin toprak reaksiyonlari
pH metre cihazi ile tespit edilmistir (Thomas,
1996). Blake ve Hartge (1986) yontemi esas
alinarak toprak hacim agirligi ve porozite
(bosluk hacmi), Klute (1986) yontemine gore
ise tarla kapasitesi ve daimi solma noktast
belirlenmistir. Topraklarin organik madde
icerigi yas yakma yontemine gore, meyve
yapraklarinin organik madde igerigi ise kuru
yakmaya gore tespit edilmistir (Kacar, 1994).
Herrick-Jones (2002) yontemi esas alinarak
topraklarin penetrasyon direnci belirlenmistir.

2.3.istatistiksel degerlendirme

Calisma sonucu elde edilen bulgularin
tanimlama, korelasyon ve tukey c¢oklu
karsilastirma analizleri JMP 7.0 paket
programi ile belirlenmistir (JMP, 2007)

3.Bulgular ve Tartisma

Calismada elde edilen verilerin tanimlayict
istatistigi Tablo 2’de verilmistir. Buna gore en
disiik pH 6.7 iken en yiiksek pH 7.1 olarak
belirlenmistir. Ortalama organik madde % 2.71
ve ortalama hacim agirhigit 1.41 g cm-3
seklinde tespit edilmistir (Tablo 2). Toprak
nem sabitelerinden tarla kapasitesi % 25-29.1
arasinda, yarayish su igerigi ise % 10.3-12.2
arasinda degisim gostermistir (Tablo 2).
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Toprak degiskenlerinden toplam porozite
ortalama % 46.89 iken penetrasyon direnci

ortalama 1.72 MPa olarak tespit edilmistir
(Tablo 2).

Tablo 2. Olgiilen degiskenlerin tanimlayici istatistik sonucu

Degiskenler N En Diisiik  En Yiiksek Ortalama Standart Sapma Varyans  Carpikhk
isba (ml) 15 52.00 62.00 58.14 2.98347 8.901 -0.871
pH 15 6.70 7.10 6.89 0.12067 0.015 0.463
OM (%) 15 1.20 3.21 2.71 0.68002 0.462 -1.651
HA (g em?) 15 1.28 1.61 1.41 0.10146 0.010 0.664
TK (%) 15 25.00 29.10 27.90 1.39126 1.936 -1.267
YS (%) 15 10.30 12.20 11.43 0.72973 0.532 -0.588
f (%) 15 39.25 51.70 46.89 3.83524 14.709 -0.669
PNTR (MPa) 15 1.20 3.50 1.72 0.74620 0.557 1.925
OM: Organik madde, HA: Hacim agirligi, TK: Tarla kapasitesi, YS: Yarayish su, f: Toplam porozite, PNTR: Penetrasyon direnci
Tablo 3’de elde edilen bulgularin icerigi ile ters bir iliski gosterdigini

korelasyon analizi yapilmis, organik madde;
tarla kapasitesi, yarayisl su ve toplam porozite
ile pozitif, hacim agirligi ve penetrasyon
direnci ile de negatif iliski sergilemistir.
Kumlu killi tin biinyeli topraga farkli organik
diizenleyici uygulanmasinin, topraklarin nem
sabitelerinden tarla kapasitesi ve yarayigh su
icerigini  artirdigint  ve hacim agirlhigim
azaldigin1 ve bu artig-azalis ise organik
diizenleyicilerin organik madde icerigi ile
iliski oldugunu rapor etmislerdir (Kara ve ark.,
2022). Toprak degiskenlerinden hacim
agirhig; penetrasyon direnci ile pozitif,
organik madde, yarayish su, tarla kapasitesi ve
toplam porozite ile de ters bir iligki
gostermistir (Tablo 3). Toprak sikismasinin
konu oldugu bir ¢aligmada penetrasyon direnci

belirtmislerdir (Mamman ve ark.,, 2007).
Toprak degiskenlerinden penetrasyon direnci;
pH ve hacim agirligi disinda diger toprak
degiskenleri ile negatif iliski gostermistir. Nem
sabitelerinden yarayish su ve tarla kapasitesi
ise; hacim agirligir ve penetrasyon direnci ile
negatif, organik madde ve toplam porozite ile
de kuvvetli pozitif iliski sergilemistir (Tablo
3). Baz1 arastirmacilar toprak nem igeriginin
azalmasina bagli olarak penetrasyon direncinin
artigint ~ belirtmiglerdir  (Seker  1997;
Landsberg ve ark., 2003; Silva ve ark., 2016).
Toprakta organik madde artigi, topragin
fiziksel 6zelliklerinden su tutma kapasitesini
ve toplam poroziteyi artirir iken, hacim
agirhigin1 ve penetrasyon direncini azalttigini
rapor etmislerdir (Aggelides ve Londra, 2000).

ile hacim agirlhigr arasinda pozitif iligki Tablo 3’de  goriildigli  gibi  toprak
oldugunu bildirmislerdir (Kilig¢ ve ark., 2004). degiskenlerinin her birinin birbiri ile olan
Toprak degiskenlerinden hacim agirligi ve iligkisi onceki calismalari destekler
penetrasyon direnci, toprak organik madde niteliktedir.
Tablo 3. Toprak degiskenlerinin korelasyon analizi
Degiskenler  isba pH oM HA TK YS f PNTR
isba 1
pH -0.873" 1
OM 0.943™ -0.890™ 1
HA -0.962"" 0.859™ -0.916™ 1
TK 0.946™ -0.904™ 0.988" -0.951™ 1
YS 0.894™ -0.868"" 0.881"™ -0.958" 0.940™ 1
f 0.963"™ -0.864™" 0.917™ -0.975 0.952"" 0.959™ 1
PNTR -0.907™" 0.856™ -0.980™" 0.854™ -0.949™ -0.802" -0.855™ 1

OM: Organik madde, HA: Hacim agirhigi, TK: Tarla kapasitesi, YS: Yarayish su, f: Toplam porozite, PNTR: Penetrasyon direnci
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Toprak degiskenlerine ait tukey analiz
sonucu Tablo 4’de verilmistir. Tabloya gore
kontrol noktasinin organik madde igerigi %
1.24 iken, armut bahgesinin oldugu topragin
organik madde icerigi % 2.5, hurma bahgesinin
% 3.02, ayva ve elma bahgesinin ise % 3.15
olarak belirlenmistir. Bu sonuglar yumusak
cekirdekli meyve yapraklarinin organik madde
icerigi ile iligkilendirilmistir (Tablo 1). Tarim
topraklarma attk mahsul uygulamasinin
topraklarin ~ organik  madde  igerigini
tyilestirdigini rapor etmislerdir (Johnson ve
ark., 2004; Kara ve ark., 2021; Kara ve ark.,
2022). Kontrol noktasina kiyasla yumusak
cekirdekli meyve yapraklarmin organik atik
olarak topraga geri doniisii toprak organik
madde igerigini artirmistir. Tablo 4’e
bakildiginda en ytiksek toprak pH ‘st kontrol
noktasinda (7.1) goriiliir iken, yumusak
cekirdekli meyve bahgelerinin toprak pH’s1 6.8
ile 6.95 arasinda degisim gostermistir. Meyve

bahce topraklarmin kontrol noktasina gore
daha diisiik reaksiyon goOstermesi organik
madde ile iligkilendirilmistir. Saltali ve Kara
(2022), toprak organik madde igerigi ile toprak
pH arasinda ters bir iliski oldugunu
belirtmislerdir. Toprak degiskenlerinden
hacim agirligma baktigimizda siras1 ile
kontrol>armut>hurma>elma>ayva  seklinde
siralanmigtir (Tablo 4). Topraktaki organik
madde artisinin, hacim agirhgim diisiirdiigtinti
bildirmisler (Celik ve ark., 2004). Toprak nem
sabitelerinden TK ve YS en diisiik degeri
kontrol noktasinda goriiliir iken, en yiiksek
degerini ise ayva bahce topraklarinda goriildi
(Tablo 4). Topraklara organik madde
girdisinin su tutma kapasitesini artiracagini
belirtmislerdir (Leroy ve ark., 2008). Maynard
(2000) vyaptig1 calismada, topraga yaprak
kompostu uygulanmasinin topragin su tutma
kapasitesini artirdigini rapor etmistir.

Tablo 4. Toprak degiskenlerine ait ortalamalar ve Tukey ¢oklu karsilagtirma testi

Agaclar isba pH OM HA TK YS f PNTR
Hurma 58.66B 6.80C 3.02A 1.38C 28.60A 11.73B 47.73B 1.33C
Ayva 60.66A 6.83C 3.15A 1.31D 28.89A 12.05A 50.31A 1.25C
Elma 60.33AB 6.83C 3.15A 1.32D 28.86A 12.01AB 50.06A 1.40C
Armut 56.66C 6.96B 2.50B 1.49B 27.10B 10.63C 43.77C 1.78B
Kontrol 52.50D 7.10A 1.24C 1.58A 25.10C 10.35C 40.38D 3.40A

OM: Organik madde, HA: Hacim agirhigi, TK: Tarla kapasitesi, YS: Yarayish su, f: Toplam porozite, PNTR: Penetrasyon direnci

Toprak degiskenlerinden toplam porozite
sirast ile en yiiksek ayva (% 50.31), elma (%
50.06), hurma (% 47.73) ve armut (% 43.77)
bahge topraklarinda goriiliir iken en diisiik
bosluk hacmi ise kontrol noktasinda (% 40.38)
belirlenmistir (Tablo 4). Elde edilen sonuglar,
alanlarin icerdikleri organik madde igerigi ile
iliskilendirilmistir. Yilmaz ve Alagoz (2008),
topraklardaki yliksek organik madde igerigi
toplam poroziteyi artirdigini ifade etmislerdir.
Baz1  arastirmacilar  topraklarin  fiziksel
ozellikleri ile organik madde arasinda gii¢lii bir
iliski oldugunu bildirmislerdir (Ozbek ve ark.,

1993; Hati ve ark.,, 2007). Tablo 4’de
goriildiigli  iizere  kontrol  noktasinda
penetrasyon direnci 3.40 MPa olarak

belirlenirken yumusak ¢ekirdekli meyve bahge
topraklarinin penetrasyonu 1.25 MPa (ayva)
ile 1.78 MPa (armut) arasinda degisim
gostermistir (Tablo 4). Schoeneberger ve ark.

(2012)’e gore penetrasyon direnci 0.1 MPa’
dan kiigiik ise diisiik toprak sikismasi, 0.1 MPa
ile 2 MPa arasinda ise orta, 2 MPa’dan biiyiik
ise  yiksek toprak  sikismasi  olarak
siiflandirmigtir.  Unver (2014), bitki kok
gelisiminin engelleyici sinirin1 3 MPa olarak
belirtmistir. Buna gore kontrol noktasindaki
topraklar yiiksek toprak sikismasi sinifinda yer
alirken, meyve bahge tarimmin yapildi
alanlarda toprak sikisma derecesi orta olarak
tespit edilmistir. Kontrol noktasina kiyasla
bahce tesislerindeki goriilen diisiik
penetrasyon direnci organik madde igerigi ile
iliskilendirilmistir. Ciinkii organik madde,
suyu tutar ve toprak parcaciklarinin
baglanmasina ve toprak sikigsmasina karsi
direnmeyi saglar.  Yogun toprak isleme
uygulamalarinin yanmi sira toprak organik
madde igerigindeki azalmalar belli bir
dereceye kadar topragi sikistirdigini rapor
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etmislerdir (Young ve ark., 1991; Chan ve
Hulugalle, 1999). Toprakta yeterli miktarda
organik maddenin muhafaza edilmesi, toprak
yapisin1  stabilize edecegini ve topragin
bozulmaya karst direncini  artiracagini
belirtmislerdir (Thomas ve ak., 1996).

4.Sonuglar

Elde edilen sonuglara gore toprak
degiskenlerinden pH, PNTR ve HA en yiiksek
kontrol noktasinda tespit edilir iken YS, TK,
ve OM degiskenleri ise en yliksek degerlerini
yumusak ¢ekirdekli meyve bahce
topraklarinda tespit edilmistir. Kontrole gore
meyve yapraklariin toprak degiskenleri (pH,
PNTR, HA, YS, TK, f ve OM) iizerinde
gosterdigi bu degisimler istatistiksel olarak
onemli gorilmiistiir (p<0.05). Bu istatistiksel
farklilikk,  yumusak  c¢ekirdekli  meyve
yapraklarinin her sene topraga atik olarak geri
doniisii ve kontrol noktasina kiyasla az toprak
isleme ile iliskilendirilmistir. Ayrica kontrole
gore topraklarin fiziksel iyilesmesi, en fazla
elma ve ayva bahgelerinde goriiliir iken sirasi
ile bunu hurma ve armut bahgesi takip etmistir.
Bu siralama ise yumusak cekirdekli meyve
yapraklarinin organik madde igerigi ile
iliskilendirilmistir. Sonug olarak;

1- Bilingsiz toprak isleme topragin fiziksel
ozelliklerini degrade etmistir.

2-Atiklarin  topraga geri doniisi
sagligini olumlu yonde etkilemistir.

toprak

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yaymna hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarini beyan ederler.

Cikar Catismas1 Beyam

Tiim yazarlar, bu ¢alisma i¢in herhangi bir
cikar catigsmasi olmadigini beyan etmektedir.
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Farkli Azot ve Fosfor Uygulamalarinin Ekinezya’da (Echinacea purpurea L.)
Yaprak Alam Uzerine Etkilerinin Belirlenmesi
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Ozet

Bu ¢alisma farkli azot (0, 10, 20 ve 30 kg da™') ve fosfor (0, 5, 10 ve
15 kg da!) uygulamalarinin Echinacea purpurea bitkisinde 6zellikle
tibbi amagl kullanilan drog kismi yaprak olan kisimlarinda nasil bir
degisime neden oldugunu belirlemek amaciyla yapilmistir.
Arastirma da yaprak alanindaki degisim 23.01-62.95 cm?2 arasinda
belirlenmistir. Aragtirmadan elde edilen yapraklardaki dlgtimlerden
yararlanarak pahali aletlere ihtiyag duyulmadan ve ileriki ekinezya
calismalarinda bitkinin yapraklarina zarar vermeden veya hasat
edilmeden bitkinin tizerinde yapragin en ve boy dl¢iimleri yapilarak
¢ok basit ve dogruluk seviyesi yiiksek olan bir model gelistirilmistir.
Gelistirilen modelde Yaprak alan1 = (-0.06367) + (0.007245 x L) +
(0.02498 x AVW) — (5.913e-05 x L?) +[0.9975 x (L x AVW)] (L:
boy ve AVW: genislik) seklinde modellenmistir. Modelin yiiksek R?
=0.9993 degerine sahip oldugu belirlenmistir.
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Determination of the Effects of Different Nitrogen and Phosphorus Applications
On Leaf Area of Echinacea (Echinacea purpurea L.)

Abstract

This study was conducted to determine the changes in the leaf area,
particularly in the drug part used for medical purposes, of Echinacea
purpurea plant caused by different nitrogen (0, 10, 20, and 30 kg da-
1 and phosphorus (0, 5, 10, and 15 kg da’!) applications. The change
in leaf area was determined to be between 23.01-62.95 cm?. Based
on the measurements obtained from the leaves in the study, a simple
and highly accurate model was developed by measuring the length
and width of the leaf on the plant without the need for expensive
equipment, without damaging the leaves, or harvesting them for
future Echinacea studies. The developed model was modeled as Leaf
area = (-0.06367) + (0.007245 x L) + (0.02498 x AVW) - (5.913e-
05 x L?) + [0.9975 x (L x AVW)] (L: length and AVW: average
width). The model was found to have a high R-squared value (R? =
0.9993).
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Karaca Oner ve ark.

1.Giris

Asteraceae familyasinin bir liyesi olan
ekinezya (Echinaceae purpurea L.), sifali
bir bitkidir (Hobbs, 1994). Riizgar ve tuz
stresine olduk¢a dayanikli olan bu tiir
kesme c¢icek ve peyzaj alanlarinda da

kullanilmaktadir. Ekinezya (Echinacea
purpurea  (L.) Mnch) sanayilesmis
iilkelerde  ilag¢  endiistrisi  tarafindan
kullanilan en Onemli tibbi bitkilerden

biridir. Bu bitkinin etken maddeleri
bagisiklik kuvvetlendiricidir. (Omidbaigi,
2002). Bugiin Echinacea tiirlerinin kokleri
ve toprak istii kisimlarinin tentiirii ve
ekstresi veya toz haldeki kapsiilleri bitkisel
drog olarak, kullanilmaktadir (Adam,
2002), cilt kremlerinde ve sampuanlarda
kullanilmaktadir (Carter ve ark., 2007;
Stoppani ve ark., 2003). Tiirkiye’de ise koni
cigegi, kirpi otu ve kizilderili otu olarak
bilinen ekinezyanin ekstre, damla, kapsiil
ve caymni piyasada bulmak miimkiindiir.
Yapraklar, bir bitkinin fotosentez ve
terlemenin gerceklestigi temel fizyolojik
organlaridir.  Yesil  yapraklar,  bitki
biiylimesinde ve gelismesinde 6nemli rol
oynarlar (Demarty ve ark., 2007), ayni
zamanda besinlerin ve suyun topraktan
kokler yoluyla emilmesine katkida
bulunurlar (Spann ve Heerema, 2010).
Yapraklar ayrica, karbon alimi i¢in en temel
bilesendir ve bitkilerin gilibre, sulama,
budama ve diger fizyolojik iglevlere verdigi
tepkileri incelemek i¢in onemli
degiskendirler (Smith ve Kliewer, 1984).
Dogru bir yaprak alami Olgiimi, bitki
biiyiime gelismesini gdzlemlemek ve
¢evresini anlamak (Kumar, 2009; Rouphael
ve ark., 2006) icin tarimsal ve biyolojik
arastirmalarda neredeyse vazgecilmez bir
husustur (Dogan ve ark., 2018). Yaprak
alaninin azalmasi1 fotosentez alanininda
azalmasina neden olacagi i¢in verim ve
kalitenin de azalmasina neden olmaktadir.
Yaprak alan1 Olciimleri, oOzellikle tarla
kosullarinda genellikle koparilarak yapilan
ve zaman alan bir yontemdir. Ayrica ayni
yapraktan ard arda 6l¢iim yapmak miimkiin

olmadigi gibi bitkinin zarar gorerek,
deneyin diger 6l¢iimlerinde hatalara neden
olacaktir (Tsialtas ve Maslaris, 2005).

Yaprak alanmi 6l¢gmek i¢in ¢ok sayida
yontem gelistirilmistir. Yaprak alani, bazi
pahali araglar ve gelistirilmis tahmin
modelleri kullanilarak belirlenebilir
(Robbins ve Pharr, 1987). Son zamanlarda
hem temel hem de basit ¢aligmalar i¢in ¢ok
pahali ve karmasik cihazlar olan yaprak
alan1 6l¢iimleri icin el tarayicilar1 ve lazer
optik aparatlar1 gibi yeni alet, alet ve
makineler gelistirilmistir (Rouphael ve ark.,
2010). Yaprak alanim1 tahmin etmek i¢in
kullanilan ¢esitli yontemlere ragmen en
yaygin yaklasim, uzunluk ve genislik gibi
kolayca Olciilen yaprak parametrelerini
kullanarak oranlar ve regresyon tahmin
yontemleri  gelistirmektir  (Kvet  ve
Marshall, 1971; Montero ve ark., 2000). Bu
yontemler genellikle zamandan tasarruf
saglar ve tahribatsizdir.  Tahribatsiz
yontemler, bitki biliyime doneminde
Olclimlerin tekrarlanmasina izin verir ve
degiskenligi azaltir ~(Nesmith, 1992).
Dogrusal Olglimlere dayali tahribatsiz
yontemler hizli ve uygulanmasi kolaydir ve
1yi bir hassasiyetle sonuglanir (Rouphael ve
ark., 2007). Yaprak alan1 dl¢iimii, ekoloji,
genetik ve cevrenin bitkiler iizerindeki
etkisini incelerken giivenilir bir
parametredir. Eko-fizyologlar, genetikgiler,
botanikgiler, ekolojistler, ¢cevre bilimcileri
ve agronomistler, yaprak alani dl¢iimlerini
kullanan mesleklerden bazilaridir. Yaprak
alan1  Ol¢climi, bilim adamlan  ve
yetistiriciler i¢in son derece yararlidir. Bu
nedenle, yaprak alan1 ve bunu 6lgmek i¢in
farkli yontemler hakkinda bilgi sahibi
olmak onemlidir (Kurt ve Odabas, 2020).
Yaprak alani, 151k, fotosentez, solunum,
bitki su tiiketimi ve terleme gibi bazi
fizyolojik olaylarla ilgili deneylerde
Olclilmiistiir (Odabas ve Giiltimser, 2005).
Ayrica bir bitkinin yaprak sayisi ve alani,
budama, sulama, gilibreleme vb. bazi
kiiltiirel uygulamalarda onemli bir role
sahiptir. Tarimsal deneyler ayrica, bu tiir
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modeller, arastirmacilarin bir ¢alisma
boyunca ayni bitkiler {izerinde yaprak alanm
Ol¢timleri yapmalarimi saglayarak deneysel
degiskenligi azaltir. Yaprak alani, pahali
araglar ve/veya tahmine dayali modeller
kullanilarak o6lciilebilir (Odabas ve ark.
2013). Tiirtin alt yapraklari, oval, uglar
mizrak, kabaca diizensiz dislerle sahip ve
karakteristiktir (Caligkan ve Odabasg, 2011).
Bu c¢alismanin temel amaci, ekinezyada

yaprak alanin1  tahmin etmek igin
uygulanabilecek en uygun  modeli
belirlemektir.

2.Materyal ve Yontem

Materyal olarak Echinacea purpurea L.
tiri  kullanilmistir.  Dikimler, viollerde
yetistirilen fidelerin 4-6 yaprakli oldugu
donemde, 16 Haziran tarihinde 50 c¢m sira
arast ve 30 cm sira iizeri olacak sekilde 12
m?’lik parsellere yapilmistir. Denemede
Azotun 4 (0, 10, 20 ve 30 kg da') ve
fosforun 4 dozu (0, 5, 10 ve 15 kg da™h)
kullanilmistir. Azotlu giibrenin yarisit ve
fosforlu gilibrelemenin tamami ekimle
birlikte, azotun diger kalan yaris1 ise
hasattan sonra uygulanmistir. Hasatlar 10
Eylil’den  itibaren tam  ¢igeklenme
doneminde yaprak ve ¢igek hasatlari
yapilarak tamamlanmistir.

Deneme  tesadiif bloklarinda g
tekrarlamali olarak kurulmustur. Ciftci
arazisinde yiiriitiilen deneme yerinin toprak
ozellikleri (0-20 cm): killi biinyeli, az
kirecli, tuzsuz, pH bakimindan nétr, organik
madde orta, fosfor iyi ve potasyum
bakimindan diistik bulunmustur.
Denemenin yiiriitiildiigi doneme ait iklim
kosullar1 ise minimum ortalama sicaklik 8.4
°C (Ocak) ile maksimum ortalama sicaklik
244 °C (Temmuz), minimum ortalama
yagis miktar1 ise 8.2 mm (Haziran) ile
maksimum ortalama yagis 129.6 mm
(Kasim) arasinda degigmistir. Denemeden
elde edilen veriler SPSS 22.0 paket
programinda analiz edilmis ve istatistik
acidan farkli  bulunan uygulamalarin

karsilastirmalar1 ise Tukey testine gore
yapilmistir.

Bu caligmada
tahminlenmesinde
modelleme kullanilmistir. Matematiksel
olarak, egim wuydurma, iki degisken
arasindaki iligskiyi gosteren dogrusal bir
denklemi ifade eder. Egim uydurma ile elde
edilen matematiksel modeller, veri analizi
ve tahmin yapmak i¢in kullanilan c¢ok
onemli araclardir. Ozellikle miihendislik,
bilim ve sosyal bilimlerdeki pek c¢ok
disiplin i¢in Onemlidirler. Bu modeller,
belirli bir veri setindeki degiskenler
arasindaki iligkileri anlamamiza yardimci
olur ve bu verilerin gelecekteki
davranislarini tahmin etmemize olanak
saglar. Egim uydurma ile elde edilen
matematiksel modeller, belirli bir sistem
veya slirecin tasarimi veya kontrolii gibi
uygulamalarda da  kullanilabilir. Bu
modeller, sistemin davranisini anlamamiza
ve daha etkili ve verimli bir sekilde kontrol
etmemize yardimci olur.

yaprak alani
matematiksel

3.Bulgular ve Tartisma

Yaprak  alani, Onemli  biiylime
parametrelerinden biridir ve denemede
bitkinin biiylime ve gelisiminin etkili bir
sekilde izlenmesi i¢in kaydedilmesi gerekir.
Dogru modelin olmamasi, LA hesaplamasi

icin bir smirlamadir. LA tahmininin
tahribatsiz yontemi, dogruluktan &diin
vermeden ¢esitli avantajlara  sahiptir

(Kandiannan ve ark., 2009). Farkli bitki
tiirlerinin yaprak alanlarinin dolayli tahmini
icin  ¢esitli  matematiksel = modeller
sunulmustur (Cristofori ve ark., 2008;
Fallovo ve ark., 2008).

Pek ¢ok alanda Onemli bir ara¢ olan
modeller, veri analizi, tahmin, sistem
tasarimi ve kontrolil gibi bir¢ok uygulama
icin hayati oneme sahiptir (Oner ve ark.,
2011). Bu ¢aligmada, egim uydurma ile elde
edilen matematiksel modeller yiiksek
dogruluk  saglamistir.  Yaprak alan
tahminlemesinde iki model iiretilmistir.
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Model 1’de yaparak boyu (L) ve genislik
(AVW) bagimsiz degisken, yaprak alani ise
bagimsiz degisken olarak ele alinmistir
(Sekil 1). Verilen denklem (Model 1),
uzunluk (L) ve ortalama genislik (AVW)
degiskenlerine dayali olarak Yaprak
Alani'm1 tahmin etmek i¢in kullanilan bir
istatistiksel modeli temsil eder. Yiiksek R?
degeri olan 0.9993, modelin verilerdeki
degiskenligin % 99.93inli acikladigim
gosterdigi icin modelin yiiksek bir dogruluk
derecesine  sahip oldugunu  gosterir.
Ayarlanmig R? degeri de aymidir, bu da

modelin  verileri asir1  uydurmadigini
gosterir.  RMSE  degeri  0.501 olarak
bulunmustur. Modelin tahminlerinin ger¢ek
degerlerden ortalama olarak 0.501 birim
sapma gosterdigini gdsterir. Bu hata
seviyesi, modelin  verilerle uyumlu
oldugunu gosteren olduk¢a kiigiik bir
hatadir. Modele ait katsayilar % 95 giliven
sinirmna  sahiptir.  Genel olarak, bu
istatistiksel model, uzunluk ve ortalama
genislik Olciimlerine dayanarak Yaprak
Alani'nin dogru tahminleri yapmak i¢in
kullanilabilir.

Leaf Area = (-0.06367) + (0.007245 x L) + (0.02498 x AVW) — (5.913e™% x L?) +[0.9975

x (Lx AVW)]  (Model 1)

Sekil 1. Yaprak genisligi ve boyuna bagl olarak yaprak alanindaki degisim

Model 2, yaprak alanini uzunluk (L) ve
maksimum genislik (MXW) degiskenlerine
dayanarak tahmin etmek i¢in kullanilan bir
istatistiksel modeldir (Sekil 2). R? degeri,
0.6099, modelin verilerdeki varyansin %
60.99'unu acikladiginm1 gosterir, bu da
modelin orta diizeyde bir dogrulukla yaprak
alanim tahmin etmek i¢in
kullanilabilecegini gosterir. Ayrica,
modelin RMSE degeri 11.75'tr, bu da
modelin tahminlerinin ortalama olarak

gercek degerlerden 11.75 birim sapma
gosterdigini gosterir. Bu, modele giliven
diizeyinin orta diizeyde oldugunu ve daha
iyi sonuclar i¢in modelin
iyilestirilebilecegini gosterir. Sonug olarak,
bu istatistiksel model, uzunluk ve
maksimum genislik dl¢limlerine dayanarak
yaprak alanin1  tahmin etmek icin
kullanilabilir. Ancak, daha dogru sonuglar
icin modelin iyilestirilmesi gerekebilir.
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Leaf Area = (0.6924) + (0.2981 x L) + (3.498 x MXW) — (0.0007856 x L?) +[0.2124 x

(L x MXW)] (Model 2)

Sekil 2. Maksimum yaprak genisligi ve yaprak boyuna bagli olarak yaprak alanindaki degisim

Her iki veri seti de (model 1 ve model 2)
yaprak alaninin tahmin edilmesi i¢in
istatistiksel modelleri kullaniyorlar. ilk veri
seti (Model 1), yiiksek R? degeri ve diisiik
RMSE degeri ile olduk¢a dogru bir model
sunuyor. Bu, verilerin yaklasitk %
99.93'"iiniin bu model tarafindan agiklandig1
anlamia gelir. Modelin bu kadar yiiksek
bir dogruluga sahip olmasi, verilerin
incelenen ozellikleri (uzunluk ve ortalama
genislik) icin iyi bir tahmin edici degisken
oldugunu gosterir.

Ikinci veri seti (Model 2), daha diisiik bir
R? degeri ve daha yiiksek bir RMSE degeri
ile birlikte daha diisiik bir dogruluk diizeyi
sunar. Bu, modelin verilerin yalmizca
yaklasik % 60.99'unu agikladigi anlamina
gelir. Modelin daha diisiik bir dogruluga
sahip olmasi, modelin kullanilan bagimsiz
degiskenler (uzunluk ve maksimum
genislik) i¢in daha az iyi bir tahmin edici
degisken oldugunu gosterir. Bu nedenle, her
iki veri setinin de yaprak alanimi tahmin
etmek icin kullanilan istatistiksel modelleri
farkli sonuglar sunar. Ancak, Model 1 daha

yiiksek bir dogruluk diizeyine sahip oldugu
icin daha giivenilir bir tahmin edici olarak
kabul edilebilir. Arastirmada uygulanan
azot ve fosfor dozlarinin artist yaprak
alaninin artmasina neden olmustur.

4.Sonuc¢

Sonu¢ olarak, ekinezya bitkisi diinya
capinda  tibbi  ve  peyzaj amagh
kullanilmaktadir ve bu nedenle farkli ¢evre
kosullarma  karst  bitki  tepkilerinin
incelenmesi gerekmektedir. Bu ¢alismada,
yaprak alaninin tahmin edilmesi icin
istatistiksel modellerin kullanimi
incelenmistir. Iki farkli model
olusturulmustur ve her iki model de yaprak
alanin1 tahmin etmek ic¢in farkli bagimsiz
degiskenler kullanmaktadir. Model 1,
yaprak boyu ve genisligine dayanarak
yaprak alanin1  tahmin etmek igin
kullanilirken, Model 2, yaprak boyu ve
maksimum genislik kullanilarak yaprak
alanin1 tahmin etmek i¢in kullanilmistir.
Her iki modelin dogrulugu degerlendirilmis
ve sonuglar karsilagtirilmistir. Ayrica, bu
calismada uygulanan azot ve fosfor dozlari
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gibi diger faktorler de degerlendirilmistir.
Bu modeller ile agronomistler ve
fizyologlar, ekinezya’nin yaprak alanini

modellerdeki parametreleri Olcerek
hesaplayabileceklerdir.
Yazarlarin Katki Beyani

Yazarlar makaleye esit katkida

bulunduklarini, makalenin yayina hazir son
halini gordiiklerini/okuduklarin ve
onayladiklarin1 beyan ederler.

Cikar Catismas1 Beyam

Tiim yazarlar, bu ¢alisma i¢in herhangi bir
¢ikar catismasi olmadigini beyan
etmektedir.
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Mardin ilinden Toplanan Yerel Nohut Genotiplerinin Karakterizasyonu
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Ozet

Bu arastirma, Mardin ili nohut iiretim alanlarindan toplanan 10 yerel
nohut popiilasyonu ile Arda, Azkan ve Segkin gesitlerinin verim
potansiyellerini belirlemek amaciyla 2021 yilinda yiiritiilmistiir.
Deneme, tesadiif bloklar1 deneme desenine gore 3 tekerriirlii olarak
diizenlenmistir. Arastirma sonucunda populasyonlara gore
degismekle birlikte; ¢ikis siiresi 25.3-32.0 giin; ¢iceklenmeye kadar
gegen giin sayisi 57.4-73.3 giin, bakla baglamaya kadar gecen giin
sayis1 68.0-78.0 giin, olgunlasmaya kadar gecen giin sayist 89.7-
107.0 giin, bitki boyu 24.7-43.0 cm, ilk bakla yiiksekligi 11.8-18.8
cm, bitki dal sayis1 3.1-5.2 adet, bitkide bakla sayis1 19.7-95.7 adet,
bitkide tane sayis1 6.3-30.2 adet; yiiz tane agirhig1 27.9-51.5 g ve tane
verimi 52.4-214.5 kg da’! arasinda degismistir. Arastirma sonucunda
Mardin ili yerel nohut popiilasyonlari arasinda verim ve verime ait
ozellikler yoniinden 6nemli varyasyon saptanmistir.
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Characterization of Local Chickpeas Genotypes Collected from Mardin Province

Abstract

This research was carried out to determine the yield potential of 10
local chickpea population with Arda, Azkan and Seckin varieties
collected from chickpea production area of Mardin province. The
research was arranged in randomized block design with three
replications. As a result of the research, although it varies according
to population; emergence time ranged 25.3 to 32.0 days; time to
flowering ranged 57.4 to 73.3 days; time to podding ranged 68.0 to
78.0 days; time to maturity ranged 89.7 to 107.0 days; plant height
ranged 24.7 to 43.0 cm; first pod height ranged 11.8 to 18.8 cm; the
number of plant branches ranged 3.1 to 5.2; the number of pods per
plant ranged 19.7 to 95.7; the number of seed per plant ranged 6.3 to
30.2; hundred seed weight ranged 27.9 to 51.5 g and seed yield
ranged 52.4 to 214.5 kg da!. As a result of the research, significant
variation was determined among the local chickpea populations
collected in Mardin Province in terms of yield and yield-related
characteristics.
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Kurtarici ve Yicel

1.Giris

Anavatan1 Giineydogu Bolgesi oldugu
bildirilen nohudun (Cicer arietinum L.) iri
tanelilerinin gen merkezinin Giineybati Asya
ile Akdeniz, kii¢lik tanelilerin gen merkezinin
Giiney Asya ve Habesistan oldugu
belirtilmektedir (Auckland ve Measen, 1980).
Nohut tanelerinde bulunan yiiksek miktardaki
protein igeriginden dolay1 insan ve hayvan
beslenmesinde 6nemli bir yere sahiptir. Ayrica
nohut taneleri mineraller (kalsiyum, potasyum,
fosfor, magnezyum, demir ve ¢inko), lif,
doymamis yag asitleri ve B-karoten
bakimindan da zengindir (Jukanti ve ark.,
2012). Nohutun baklagil bitkisi olmasi
nedeniyle koklerinde simbiyotik olarak
yasayan Rhizobium bakterileri sayesinde
atmosferin serbest azotunu topraga
baglamasindan dolayr ekim ndbeti iiriinii
olarak ve siirdiirtilebilir tarimda ortii bitkisi
olarak da degerlendirilmektedir (Toker ve
Yadav, 2010). Giiniimiizde 7.8 milyar olan
diinya niifusu her gegen giin hizla artmaktadir
ve 2050'de 9 milyar1 asmasi beklenmektedir
(Anonim, 2022). Daha az kaynakla daha fazla
insan i¢in daha fazla gida iretim talebini
karsilamak i¢in birim alandan maksimum {iriin
elde etme zorunlulugu kacinilmaz hale
gelmistir. Nohuttan yliksek verim ve kaliteli
iriin elde edebilmek i¢in uygun yetistirme
teknikleri yaninda bolgeye uygun genotiplerin
belirlenmesinde biiylik 6nem arz etmektedir.
Bitki genetik kaynaklar1 dogal genetik
varyasyon kaynaklaridir ve bitki 1slah
programlari i¢in ham madde olarak goriiliirler.
Yeni gen kaynaklarinin aranacag ilk kaynak
yerli materyaldir. Yerli materyal, belli bir
bolgede uzun yillar seleksiyona ugramis

olmasi  nedeniyle c¢evreye iyi uyum
gostermekte, ekstrem yillarin elverigsiz iklim
kosullarinda da basarili olmaktadir. Kendine
dollenen ve dogada uzun yillar kendi halinde
yetistirilmis olan bitki popiilasyonlar1 (yerel
cesitler), seleksiyon i¢in biiyik O6nem
tagimaktadir. Ciinkii bunlar, agronomik deger
Olciileri farkli genetik 6zellikteki saf hatlardan
olugmaktadir. Tescilli ¢esidin yetistirilmedigi
bolgelerde, kendine dollenen bitkilerin yerli
cesitlerin tarimi1 yapilmaktadir. Yerli gesitler
asirlar boyunca ayni bolgede
yetistirildiklerinden, bolgeye ¢ok iyi adapte
olmuslardir. Bu nedenle, bu gibi varyetelerin
kaybolmadan toplanip muhafaza edilmesi
biiyiik 6nem tasimaktadir (Demir, 1975).

Bu arastirma, Mardin ili nohut {iretim
alanlarindan toplanan baz1 yerel nohut
popiilasyonlarin karakterizasyonu ve ileriki
yillarda bolge i¢in uygun nohut gesitlerinin
gelistirilebilmesi  i¢in  yapilacak  1slah
caligmalarina genetik materyal ve temel
nitelikteki bilgileri ortaya koymak amaciyla
yuritilmustiir.

2. Materyal ve Yontem

Arastirma, 2020-2021 yetistirme
mevsiminde Mardin ilinin Artuklu ilgesine
bagli Ortakdy mahallesinde (37°13'02.9"N;
40°47'16.9"E) yiiritilmustiir. Arastirmada
materyal olarak 3 tescilli nohut ¢esidi (Arda,
Azkan ve Sec¢kin) ve Mardin ili nohut {iretim

alanlarindan  toplanan 10 yerel nohut
popiilasyonu  kullanilmistir.  Arastirmada
kullanilan yerel nohut popiilasyonlarin

toplandig1 yere iligkin bilgiler, Tablo 1’de
verilmistir.

Tablo 1. Arastirmada kullanilan yerel nohut popiilasyonlarina ait bilgiler

No Popiilasyonlar Toplandig1 Yer Orijin
1 Popiilasyon-1 Acirli/Midyat/Mardin TURKIYE
2 Popiilasyon -2 Mercimekli/Midyat/Mardin TURKIYE
3 Popiilasyon-3 Omiirli/Mazidagi/Mardin TURKIYE
4 Popiilasyon-4 Yerkdy/Nusaybin/Mardin TURKIYE
5 Popiilasyon-5 Anittepe/Omerli/Mardin TURKIYE
6 Popiilasyon-6 Alich Koyii/Omerli/Mardin TURKIYE
7 Popiilasyon-7 Dereyani/Savur/Mardin TURKIYE
8 Popiilasyon-8 Yalimkdy/Artuklu/Mardin TURKIYE
9 Popiilasyon-9 Sultankdy/Artuklu/Mardin TURKIYE
10 Popiilasyon-10 Hocakdy/Kiziltepe/Mardin TURKIYE
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Arastirmanin yiriitildigii Subat-Haziran
2021 yillart arasi ile uzun yillar (1941 — 2020
yillar1) vejetasyon donemine ait bazi iklim
verileri, Sekil 1’de verilmistir. Arastirmanin
yuriitildigii donemde, Artuklu ilgesinde en
diisiik ortalama sicaklik 3.3°C ile Subat ayinda,
en yliksek ortalama sicaklik degeri ise 25.5°C

ile Haziran aymda saptandigi goriilmektedir.
Arastirmanin yuriitiildiigi Subat-Haziran 2021
doneminde elde edilen toplam yagis 340.1 mm
olarak saptanmustir. Yetistirme siiresince
yagislar diizensiz olup, daha ¢ok kis aylarinda
olmustur.

2021 Yili ve Uzun Yillar iklim Verileri

N NN W
S wn O

Ortalama Sicaklik (oC)
S o

I

(o))
o
Toplam Yagis (mm)

I 20
0 . - 0
Subat Mart Nisan May1s Haziran
Aylar
mmmm 702] = Uzun Yillar — e—2021 Uzun Yillar

Sekil 1. Aragtirmanin yiiriitiildiigii Mardin ili 2021 yil1 ile uzun yillara iliskin 6nemli meteorolojik parametreler

Aragtirmanin yiiriitiildiigii topraklarin pH’s1
7.82 olup, notr veya hafif alkali bir 6zellikte,
killi-tinli yapida oldugu, organik maddece
fakir, tuzlulugu 6nemsiz, orta kiregli, azotca
fakir, fosfor miktar1 orta, potasyum
bakimindan ise zengindir. Arastirma 2021
yilinda, Mardin ilinin Artuklu il¢esine baglh
Ortak0y mahallesinde ¢iftci  tarlasinda
ylriitiilmistir. Deneme tesadiif bloklari
deneme desenine gore 3 tekrarlamali, parseller
4 sira, sira uzunlugu 3 m, sira aras1 mesafe 0.45
m ve sira lizeri mesafe 10 cm olarak
diizenlenmistir. Her parsel 0.45 m x 4 sira x 3
m= 5.4 m? alandan olusmustur. Tohum ekimi
Subat aymnin son haftasinda, nemli topraga
yapilmistir. Ekim Oncesi deneme alanina 3 kg
da! saf azot (amonyum nitrat), 6 kg da™! saf
fosfor (triple siiper fosfat) {izerinden
giibreleme  yapilmistir.  Yabanci  otlarla
miicadele ise bitki yogunluguna bagli olarak
elle yapilmistir. Hasat, haziran ayimin ikinci
haftasinda yapilmistir. Denemede, “Bioversity
International” nohut tanimlama listesinde ve
TTSM (Tohumluk Tescil ve Sertifikasyom

Merkezi)’nin teknik talimatlarinda belirtilen
ozellikler incelenerek Orneklerin tanimlamasi
ve karekterizasyonu yapilmistir (Bioversity
International, 2010; Anonim, 2001). Ayrica,
ICARDA ve ICRISAT tarafindan uluslararasi
baklagil 1slah ¢aligmalarinda uygulanan
yontemler dogrultusunda ol¢timler yapilmigtir
(Anonim, 1993). Arastirmada incelenen
ozellikler; cikis siiresi (giin), ¢igeklenmeye
kadar gecen siire (giin), bakla baglamaya kadar
gecen siire (giin), olgunlagsmaya kadar gegen
sire (giin), bitki boyu (cm), ilk bakla
yiiksekligi (cm), bitkide dal sayis1 (adet),
bitkide bakla sayisi (adet), bitkide tane sayisi
(adet), yiiz tane agirlig1 (g) ve tane verimi (kg
da')’dir. Ayrica, tane sekli, cicek rengi, tane
ylizeyi, tane rengi, bitki tipi, siyah noktalarin
varligy, tiiylillik durumu da belirlenmistir.

2.1.Verilerin degerlendirilmesi

Elde edilen veriler, tesadiif bloklar:1 deneme
deseninde, JMP paket programinda analiz
edilmigtir. Ortalamalar, LSD testine gore
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gruplandirilmis ve elde edilen ortalamalarin
karsilastirilmasi yapilmistir (Yurtsever, 1984).

3. Bulgular ve Tartisma

Mardin ili nohut {iretim alanlarindan
toplanan 10 yerel nohut popiilasyonlar ile
Arda, Azkan ve Seckin ¢esitlerinin ¢ikis siiresi,

ciceklenmeye kadar gecen giin sayisi, bakla
baglamaya kadar gecen glin  sayisi,
olgunlagmaya kadar gegen giin sayisi, bitki
boyu ve ilk bakla yiiksekligine ait ortalama
degerler ve olusan gruplar, tablo 2’de
verilmistir.

Tablo 2. Nohut genotiplerinde ¢ikis siiresi, ¢iceklenmeye kadar gegen siire, bakla baglamaya kadar
gecen siire, olgunlagsmaya kadar gecen siire, bitki boyu ve ilk bakla yiiksekligine iliskin ortalama

degerler ve olusan gruplar

Genotip Cikis Ciceklenmeye Bakla baglamaya Olgunlasmaya Bitki ik bakla
siiresi kadar gecen giin kadar gecen giin kadar gecen giin boyu yiiksekligi
(giin) sayisi (giin) sayisi (giin) sayisi (giin) (cm) (cm)
Popiilasyon-1 29.3 71.7 ab* 76.7 103.3 29.0 be* 16.0
Popiilasyon-2 26.7 67.3 abc 71.0 89.7 26.3 be 17.0
Popiilasyon-3 26.3 71.7 ab 76.3 100.3 28.7 bc 17.8
Popiilasyon-4 27.7 72.3 ab 76.0 101.3 333b 16.8
Popiilasyon-5 29.3 64.7c 68.0 93.0 27.3 bc 13.8
Popiilasyon-6 27.7 68.3 abc 72.0 95.7 29.7 bc 14.5
Popiilasyon-7 28.0 69.3 abc 74.7 98.3 31.0 be 17.0
Popiilasyon-8 25.3 54.7d 71.0 90.0 29.3 be 12.5
Popiilasyon-9 32.0 67.3 abc 74.7 91.0 24.7 ¢ 11.8
Popiilasyon-10 25.3 67.7 abc 73.0 104.3 31.7 bc 16.5
Arda 28.0 67.3 abc 74.3 104.7 41.0a 18.2
Azkan 30.7 66.7 be 72.3 104.3 43.0a 18.8
Seckin 30.7 733 a 78.0 107.0 43.0a 15.8
ORTALAMA 28.8 67.9 73.7 98.7 32.2 15.9
CV (%) 10.27 5.53 5.05 5.5 13.25 17.1
LSD OD 1.49 OD OD 1.68 OD

*Aym siitun igerisinde benzer harfle gésterilen ortalamalar arasinda istatistiksel olarak fark yoktur; O.D: Onemli Degil

3.1. Cikus siiresi

Cikis siiresi bakimindan popiilasyonlar
arasinda istatistiki olarak Onemli fark
olmamasma karsin, rakamsal olarak c¢ikis
siiresi poplilasyonlar gore 25.3-32.0 giin
arasinda degismistir. Tiim popiilasyonlar ¢ikis
siiresi ortalama degeri 28.8 giin olarak
belirlenmigtir.  Cikis siiresi ile yapilan
caligmalarda bulgularimiza benzer olarak,
Biger ve Anlarsal (2005) Diyarbakir
kosullarinda ¢ikis siiresinin 24.5-26.8 giin
arasinda degistigini bildirmistir.

3.2. Ciceklenmeye kadar gecen giin sayisi

Cigceklenmeye kadar gegen giin sayisi
bakimindan popiilasyonlar arasinda istatistiki
olarak onemli farkliliklar olup 54.7-73.3 giin
arasinda degismistir. Calismada, Seckin ¢esidi
(73.3 giin) incelenen popiilasyonlar igerisinde
en gec ciceklenen nohut c¢esidi olarak
belirlenirken, Popiilasyon-8 (54.7 giin) en
ertken  ciceklenmeye  sahip  olmustur.
Cigeklenme siiresi bakimindan popiilasyonlar

arasinda yaklasik 19 giinliik bir fark olup,
ciceklenmeye kadar gegen siire bakimindan
poplilasyonlar arasinda genis bir genetik
varyasyonun oldugu gdzlenmistir.
Popiilasyon-5, Popiilasyon-8 ve Azkan nohut
cesidi arastirmada incelenen diger
popiilasyonlardan daha erken ¢iceklenme
gostermislerdir. Nohut yetistiriciliginde erken
ciceklenebilen genotiplerin kullanilmasi ile
generatif donem uzamaktadir. Cigeklenmeden
hasat olgunluguna kadar ki siire¢ icerisinde
olusacak yagislardan daha iyi faydalanabilecek
sonu¢ da tane verimi ve Kkalitesi de
artabilecektir.  Erken ciceklenme Ozelligi
gosteren bu genotiplerin erkencilik 1slahinda
kullanilmast miimkiin goziikkmektedir.

Bulgularimiza benzer sekilde farkl yillarda
farkli nohut ¢esitleri ile yliriitiilen ¢aligmalarda
cigeklenme siiresinin ¢esitlere gore degismekle
48.0-156.7  gin  arasinda  degistigini
belirtmislerdir (Aydin, 2019; Cakmak, 2019;
Erol, 2019; Topgu, 2019; S6nmez ve Kumlay,
2021; Ozcan ve Yiicel, 2022). Daha &nce
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yapilan c¢alismalardan da goriilecegi gibi,
ciceklenmeye kadar gegen giin sayis1 degeri
genotiplere ve g¢evre kosullarima  gore
degisiklik gostermistir. Nohut c¢esitlerinin
farkli ¢evrelere adaptasyonunda cigeklenme
stiresi kritik rol oynamaktadir (Berger ve ark.,
2004, 2006).

3.3. Bakla baglamaya kadar gecen giin
sayis1

Bakla baglamaya kadar gecen giin sayisi
bakimindan popiilasyonlar arasinda istatistiki
olarak onemli fark olmayip 68.0-78.0 giin
arasinda degigmistir. Tim popiilasyonlarin
bakla baglamaya kadar gecen siire ortalama
degeri 73.7 glin olarak belirlenmistir.
Erkencilik 1slah calismalarinda erken bakla
baglama  ozellikleri nedeni ile  bu
popiilasyonlar dikkate alinabilir.

3.4. Olgunlasmaya kadar gecen giin sayisi

Olgunlagsmaya kadar gecen giin sayisi
bakimindan popiilasyonlar arasinda istatistiki
olarak 6nemli fark olmayip, popiilasyonlarin
olgunlagma giin sayis1 89.7-107.0 giin arasinda
degismistir. Erkenci c¢esitler, Glineydogu
Anadolu bolgesinde ilkbahar sonu ve/veya yaz
basinda olusan yiiksek sicakliklar baslamadan
ve toprakta depolanan nem tiikenmeden
olgunlasacagi icin erken olgunlasan genotipler
bu bolgelerde one ¢ikabilmektedir.

Toprak nemi bitkide vejetatif gelisme kadar
generatif donem olan tane doldurmada
doneminde de etkili olmaktadir. Bu nedenle,
toprak nemi erken c¢iceklenen genotiplerin
veriminin  artmasinda  direkt  etkilidir.
Vejetasyonun ileri donemlerinde optimum
sicakligin lizerinde her bir derecelik artista
tane veriminin % 10-15 diismesiyle toplam
verim azalabilmektedir. leri vejetasyon
doneminde  olusan  yiiksek  sicakliklar
genellikle nem stresiyle de birlesmektedir. Bu
durumda, bitki sicaklik ve kuraklik stresinin
etkilerinden korunabilmek i¢in depolanan
rezervleri yeniden harekete gecirdikleri igin
tane verimi azalmaktadir (Upadhyaya ve ark.,
2011). Tiim bunlar dikkate alindiginda, nohut
tariminda vejetasyonun ileri doénemlerindeki
kuraklik ve sicaklik stres faktorlerinden
kacinmak i¢in 6zellikle kurak yillarda erken-

orta olgunlasabilen genotiplerin 6nemi bir kez
daha vurgulanmaktadir. Farkli ekolojilerde ve

farkli  genotiplerle yapilan c¢aligmalarda
olgunlagsmaya kadar gegen siire ortalama 70.0-
120.0 giin arasinda  degisebilmektedir

(Karakdy ve ark., 2007; Krishnamurthy ve
ark., 2010).

3.5. Bitki boyu

Bitki  boyu  degerleri = bakimindan
popiilasyonlar arasinda istatistiki  olarak
onemli fark olup 24.7-43.0 cm arasinda
degismistir. Bitki boyu degerleri bakimindan
aragtirmada kontrol olarak degerlendirilen
Azkan ve Seckin ¢esitleri (43.0 cm) en yiiksek
degere sahip olurken Popiilasyon-9 (24.7 cm)
en diisiik degere sahip olmustur.

Bitki boyu verimi etkileyen ©nemli bir
faktordiir. Nohut yetistiriciliginde makinali
hasat i¢in uzun boylu bitkiler tercih edilmesine
karsin, olgunlasma doneminde onemli verim
kayiplarina neden olabilmektedir (Ismail ve
ark., 2017). Bu nedenle nohutta orta uzunlukta
bitki boyu istenmektedir. (Erdemci, 2018).
Farklt nohut hat ve g¢esitleri ile farkh
cevrelerde yapilan ¢alismalar sonucunda bitki
boyu degeri 19.9-68.1 cm arasinda degistigi
belirtilmistir (Biger ve Anlarsal, 2005;
Babagil, 2010; Bayrak ve Onder, 2017; Yalgin
ve ark., 2018; Sonmez ve Kumlay, 2021;
Giines ve ark., 2022). Sirnak-Idil kosullarinda
yetistirilen bazi nohut ¢esit ile hatlarinin tane
verimi ve verimle ilgili 6zelliklerini saptamak
amaciyla ylritilen arastirmalarda  bitki
boyunun genotiplere gére degismekle birlikte
299 ile 54.7 cm arasinda degistigi
bildirilmektedir (Ozcan ve Yiicel, 2022; Sakar
ve Yiicel, 2022; Matur ve Yiicel, 2022). Daha
once yapilan ¢aligmalardan da goriilecegi gibi
bitki boyu genetik bir 6zellik olmakla birlikte,
cevre sartlarinda ve kiiltiirel uygulamalardan
da etkilenebilmektedir.

3.6. Ik bakla yiiksekligi

[lk  bakla  yiiksekligi ~ bakimindan
popiilasyonlar arasinda istatistiki  olarak
onemli fark olmayip 11.8-18.8 cm arasinda
degismistir. En yiiksek ve en diisiik ilk bakla
yiiksekligi bakimindan popiilasyonlar arasinda
yaklasik 7 cm’lik bir fark saptanmistir.
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Farkli nohut genotipleri ile yapilan
caligmalarda ilk bakla yiiksekligi degerini
Babagil (2010), 19.8 - 26.5 cm; Topgu (2019),
11.50- 30.90 cm; Gongiir ve ark. (2021) 17.9-
30.5 cm arasinda degistigini bildirmiglerdir.
Giineydogu Anadolu Bolgesi kosullarinda bazi
nohut ¢esit ve hatlari ile yapilan ¢aligmalarda,
ilk bakla yiiksekligi degerini Yasar (2010)
15.27-20.20 cm ve Bakoglu (2011) 14.9-25.3
cm arasinda bulmustur. Islah ¢alismalarinda
makinal1 hasat i¢in 6nemli bir 6zellik olan ilk

bakla yiiksekligi agisindan bu popiilasyonlar
degerlendirilebilir.

Mardin ili nohut {iretim alanlarindan
toplanan yerel nohut popiilasyonlar1 ve
cesitlerinin bitkide dal sayisi, bitkide bakla
sayisl1, bitkide tane sayisi, bitkide tane agirligi,
100 tane agirlig1 ve tane verimine ait ortalama
degerleri ve olusan gruplar, Tablo 3’de
verilmistir.

Tablo 3. Nohut popiilasyonlarinda bitkide dal sayisi, bitkide bakla sayisi, bitkide tane sayisi, 100 tane
agirlig1 ve tane verimine iliskin ortalama degerler ve olusan gruplar

Genotip Bitkide dal Bitkide bakla Bitkide tane 100 tane Tane verimi (kg
sayisi (adet) sayisi (adet) sayisi (adet) agirhg (g) da?
Popiilasyon-1 3.1 63.7 a-e* 21.0 a-d* 30.4 fg* 125.3 a-d*
Popiilasyon-2 4.5 65.3 a-d 24.0 a-d 353 cf 162.2 ab
Popiilasyon-3 4.2 19.7¢ 63e 31.6 efg 60.2 cd
Popiilasyon-4 4.6 32.0 cde 11.8 de 345 c-g 60.5 cd
Popiilasyon-5 4.5 73.7 abc 24.8 abc 299 fg 164.7 ab
Popiilasyon-6 4.1 81.0 ab 302 a 515a 182.9 ab
Popiilasyon-7 5.2 38.7 b-e 12.4 cde 279¢ 107.7 bed
Popiilasyon-8 4.0 81.0 ab 28.8 ab 32.6d-g 2145 a
Popiilasyon-9 4.2 95.7 a 29.7 a 36.1 c-f 59.9 cd
Popiilasyon-10 39 21.3 de 69e 44.9 ab 52.4d
Arda 4.9 63.0 a-e 24.6 a-e 40.6 be 148.9 abc
Azkan 4.0 35 cde 12.6 de 39.4 bed 167.9 ab
Seckin 32 42.0 b-e 14.7 b-e 38.2b-e 138.6 a-d
Ortalama 4.2 54.8 19.1 36.6 126.6
CV (%) 23.92 29.0 28.23 11.79 24.58
LSD OD 10.64 10.91 1.67 22.37

*Aym siitun igerisinde benzer harfle gésterilen ortalamalar arasinda istatistiksel olarak fark yoktur; O.D: Onemli Degil

3.7. Bitkide dal sayisi

Bitki dal sayis1 bakimindan popiilasyonlar
arasinda istatistiki olarak 6nemli fark olmayip
3.1-5.2 adet arasinda degismistir. Arastirmada
incelenen tiim popiilasyonlar igerisinde en
yiiksek ve en diisiik dal sayis1 degeri arasinda
2.1 adet bir fark bulunmaktadir.

Sirnak kosullarinda farkl nohut
popiilasyonlar ile yiiriitillen ¢alismalarda, dal
sayis1 genotiplere gore degismekle birlikte 2.0-
4.3 adet arasinda degisebilecegi belirtilmistir
(Ozcan ve Yiicel, 2022; Sakar ve Yiicel, 2022;
Matur ve Yiicel, 2022). Bitkide dal sayisina,
cesitlerin  genetik  Ozellikleri, deneme
alanlarindaki topragin fiziksel ve kimyasal
farklilik gostermesi, iklim farkliliklar1 ve
ozellikle yetistirme teknikleri 6nemli derecede

etkileyebilmektedir (Yiicel,
2014).

3.8. Bitkide bakla sayisi

2004; Dogan,

Bitkide bakla sayis1 degerleri bakimindan
popiilasyonlar arasinda istatistiki olarak
onemli fark olup 19.7-95.7 adet arasinda
degismistir. Bitkide bakla sayis1 degeri
bakimindan Popiilasyon-9 (95.7 adet) en
yliksek degere sahip olurken, Popiilasyon-3
(19.7 adet) en diisiik degere sahip olmustur.
Anilan 0zellik bakimindan Popiilasyon-1,
Popiilasyon-2, Popiilasyon-5, Popiilasyon-6,
Popiilasyon-8 ile Arda nohut cesidi istatistiki
olarak ayni grubu paylagsmis olup, bakla sayisi
degeri bakimindan popiilasyonlar arasinda
genis bir genetik varyasyonun oldugu
gbzlenmistir. Bitkide bakla sayis1 tane verimi
ile dogru orantilidir. Bu nedenle, nohut 1slah
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calismalarinda tane verimi bakimindan bu
popiilasyonlar degerlendirilmesi 6nerilebilir.

Farkli ekolojilerde ve farkli genotiplerle
yapilan caligmalarda nohutta bakla sayisinin;
Diyarbakir kosullarinda 15.3-34.7 adet (Biger
ve Anlarsal, 2005); Mus’da 21.6 - 25.5 adet
(Babagil, 2010); Konya’da 20.12-30.42 adet
(Bayrak ve Onder, 2017); Adiyaman’da
38.71-44.15 adet (Sonmez ve Kumlay, 2021)
arasinda degistigini  bildirmislerdir. Bakla
sayist degerinin farkli olmasi, ¢esitlerin
genetik ozellikleri, ekoloji, yagis rejimi veya
toprak  Ozelliklerinin ~ farkli  olmasindan
kaynaklanabilir.

3.9. Bitkide tane sayisi

Bitkide tane sayisi degerleri bakimindan

poplilasyonlar arasinda istatistiki  olarak
onemli fark olup 6.3-30.2 adet arasinda
degismistir.  Bitki tane sayis1  degeri

bakimindan Popiilasyon-6 (30.2 adet) en
yiiksek degere sahip olurken, en diisiik tane

sayis1 degeri Popiilasyon-3’de (6.3 adet)
belirlenmistir. Bitkide tane sayist degeri
bakimindan, Popiilasyon-1, Popiilasyon-2,

Popiilasyon-5, Popiilasyon-6, Popiilasyon-8,
Popiilasyon-9 ile Arda nohut ¢esidi istatistiki
olarak ilk grubu paylasmiglardir. Tim
popiilasyonlar ortalama tane sayis1 19.1 adet
olarak belirlenmistir.

Bitkide tane sayis1 bakimindan daha once
yapilan ¢alismalarda; Karakdy ve ark. (2007),
Cukurova ve Orta Anadolu Bolgelerinden
toplanan yerel nohut genotiplerinde 18.0-31.4
adet; Ozcan ve Yiicel (2022), Sirnak-idil
kosullarinda 13.3-44.9  adet arasinda
degisebilecegini belirtmislerdir. Ayrica, farklh
nohut cesitler ile farkli ekolojik kosullarda
yapilan diger calismalarda tane sayisi
degerinin  degistigi  birgok  arasgtirmada
bildirilmistir (Babagil, 2010; Yal¢in ve ark.,
2018; Gilingdr ve ark., 2021; Matur ve Yiicel,
2022). Genotip gibi  farkli  tarimsal
uygulamalar (ekim zamani, ekim sikligi,
giibreleme gibi) nohutta tane sayisin
etkileyebilen kiiltlirel faktorlerdir. Nitekim
farkli kiiltirel uygulamalara gore tane
sayisinin degisebilecegi bir¢ok aragtirmada da
belirtilmistir (Yiicel, 2004; Sakar ve Yiicel,
2022). Bitkide tane sayisi, bitkinin genetik

yapisinin yani sira, yetistirildigi ¢evre, iklim
kosullar1 ve Kkiiltiirel uygulamalardan da
etkilenebilmektedir.

3.10. Yiiz tane agirhgi

Yiiz tane agirlig1 bakimindan popiilasyonlar
arasinda istatistiki olarak onemli fark olup
27.9-51.5 g arasinda degismistir. Yiiz tane
agirligi degeri bakimindan Popiilasyon-6 (51.5
g) yilksek degere sahip olurken, bunu
Popiilasyon-10 izlemistir. En diisiik yiiz tane
agirligr degeri ise Popiilasyon-7’de (27.9 g)
belirlenmistir. En yiiksek ve en diisiik yiiz tane
agirhgr bakimindan popiilasyonlar arasinda
yaklasik 23.6 g fark olup yiiz tane agirhig
degeri bakimindan genotipler arasinda genis
bir genetik varyasyonun oldugu gézlenmistir.

Farkli nohut genotipleri ve farkli ekolojik
kosullarda yiiriitiilen caligmalarda elde edilen
yiiz tane agirligi; Cukurova Bolgesinde 32.93-
36.19 g (Karakdy ve ark., 2007); Mus’da 40.7-
43.9 g (Babagil, 2010); Konya’da 36.3-51.2 g
(Bayrak ve Onder, 2017); Adiyaman’da
35.28-41.25 g (Sonmez ve Kumlay, 2021)
arasinda degistigini bildirmislerdir. Daha 6nce

yapilan caligmalar ile calismamiz
karsilastirlldiginda,  yliz ~ tane  agihig
bakimindan baz1i  c¢alismalarla  yakinlik

gostermekle birlikte genis bir araliga sahip
oldugu goriilmektedir. Bu durum popiilasyon
icerisindeki varyasyondan kaynaklanabilir.
Nitekim ayn1 bolgede yiiriitiilen ¢aligmalarda
yliz tane agirligi degerinin genotiplere gore
9.13-44.61 g arasinda degistigi belirtilmistir
(Biger ve Anlarsal, 2005; Cakmak, 2019; Erol,
2019). Yiiz tane agirhig, bitkinin genetik
yapisinin yani sira, yetistirildigi c¢evre, iklim
kosullar1 ve kiiltiirel] uygulamalardan da
etkilenebilmektedir. Arastirmada incelenen
genotipler igerisinden yiiz tane agirlhig yiiksek
olan genotiplerin secilmesi, iri taneli yeni
cesitlerin  gelistirilebilmesi  i¢in  6nemli
olacaktir. Bdylece, ileride yapilacak 1slah
caligmalarinda bu nohut genotiplerinin
kullanilmasi ticari bakimdan 6nemli bir oOlciit
olan tane iriligini arttirarak yeni gelistirilecek
cesitlerin i¢ ve dis pazardaki talebini de
arttiracaktir.
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3.11. Tane verimi

Tane verimi bakimindan popiilasyonlar
arasinda istatistiki olarak ©nemli fark olup
52.4-214.5 kg da' arasmnda degismektedir.
Anilan oOzellik bakimindan, en yiiksek deger
Popiilasyon-8 (214.5 kg da!) en diisiik ise
Popiilasyon-10°da (52.4 kg da!) saptanmustur.
Aragtirmada incelenen Popiilasyon-1,
Popiilasyon-2, Popiilasyon-5, Popiilasyon-6,
Popiilasyon-8 genotipleri ile Arda, Azkan ve
Seckin kontrol cesitleri istatistiki olarak ilk
grubu  paylasmislardir. Tane  verimi
bakimindan en yiiksek ve en disiik
popiilasyonlar arasinda 162.1 kg da™! fark olup,
tane verimi degeri bakimimdan popiilasyonlar
arasinda genis bir genetik varyasyonun oldugu
gozlenmistir.

Farkli nohut genotipleri ve farkli ekolojik
kosullarda ytiriitiilen ¢alismalarda elde edilen
tane verimleri; Diyarbakir’da 121.5-166.6 kg
da! (Biger ve Anlarsal, 2005); Mus’da 91.9-
132.8 kg da’! (Babagil, 2010); Konya’da 78.1—
154.1 kg da! (Bayrak ve Onder, 2017);
Adryaman’da 155.40-182.60 kg da™' (Sénmez
ve Kumlay, 2021); arasinda degistigini
bildirmislerdir. Tane verimi, bitkinin hem
genetik yapisit ve hem de ¢evre faktorlerinden
etkilenebilen nicel bir 6zelliktir. Farkli nohut
genotipleri ile yapilan bir ¢ok ¢alismada tane
veriminin genotiplere gore degistigi bir ¢ok
calismada bildirilmistir (Yicel ve Anlarsal,
2008; Yal¢in ve ark., 2018; Giingor ve ark.,
2021; Soomro ve ark., 2021; Sakar ve Yiicel,
2022; Matur ve Yiicel, 2022; Ozcan ve Yiicel,
2022). Calismamizdan elde edilen sonuglara
paralel olarak Erol (2019); Cakmak (2019) ve
Topcu (2019)’nun c¢alismalarindan elde
ettikleri verim degerleri de genis araliklarda
degismektedir. Bu durum popiilasyon
icerisindeki varyasyondan kaynaklanabilecegi
diistiniilmektedir.

Mardin ili nohut {retim alanlarindan
toplanan 10 yerel nohut popiilasyonu ile Arda,
Azkan ve Seckin ¢esitlerinin tane sekli, ¢icek
rengi, tane rengi, tane ylizeyi, bitki tipi, siyah
nokta varligi ve tiiyliillik durumuna iliskin
sonuclar, Tablo 4’ de verilmistir.

3.12. Tane sekli

Tablo 4 incelendiginde; Popiilasyon-6 ve
Popiilasyon-7 kusbasi tohum sekline sahip
iken, tescilli ¢esitlerin ve diger g popiilasyonlar
kogbast tohum sekline sahip oldugu
gozlenmistir. Karakdy ve ark. (2008), nohutta
tane seklinin kogbast ve kusbasi oldugunu
bildirmistir. Biger ve Anlarsal (2005),
Diyarbakir yoresinden toplanan 43 kabuli tip,
3 desi tip yerel nohut materyali, iki tescilli
nohut (ILC 482 ve Diyar 95) cesidi ile
ylriittiikkleri  arastirmada  tane  seklinde
bezelyemsi, kocbasi ve kugbasi formlarin
oldugunu belirtmislerdir. Aydin (2019), 2015-
2016 yillarinda Siirt, Sirnak ve Hakkari’den
toplanan 70 yabani nohut genotip ile yiirtittigi
calisma sonucunda; bitki biliylime formunun
kiiltiir nohutlarinda dik, yabani nohutlarda yar1
dik, yar1 yatik ve yatik biiylime gosterdiklerini
belirtmistir.

3.13. Cicek rengi

Cicek renklerine iliskin veriler
incelendiginde tiim popiilasyonlar ¢icek
renklerinin beyaz oldugu gozlenmistir. Bayrak
ve Onder (2017), Konya kosullarinda 21 nohut
popiilasyonu ve 5 tescilli nohut c¢esidi ile
ylriittikkleri  ¢alisma  sonucunda  ¢igek
renklerini beyaz, beyaz-mavi beyaz-pembe
olarak gozlemlemislerdir.

3.14. Tane rengi

Farkli nohut popiilasyonlar tane rengi
bakimindan % 30.8’1 bej renge sahip olup
sirasiyla fildisi beyaz, sarimsi bej, acik bej ve
krem renkleri gozlenmistir. Biger ve Anlarsal
(2005), yaptiklart calismada nohutta tane
renginde beyaz, siyah, krem, sar1, koyu sar1 ve
acik kahverengi renkler belirlemislerdir. Aydin
(2019), 70 yabani nohut genotip ile ylirittigi
calisma sonucunda; tane renginin yabani
nohutta yetistigi yerin toprak rengini aldiginm
belirtmistir.

3.15. Tane yiizeyi

Farkli nohut popiilasyonlar saptanan tane
ylizeyine iliskin veriler incelendiginde %
53.9’u piiriizsiiz iken % 46.1°1 piiriizlii yapiya
sahip oldugu gozlenmistir. Karakdy ve ark.
(2007), nohutta testa yapisinin kirisik tiiysiiz,
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kirgik tiiyli ve tiiysiiz piiriizlii, pliriizsiiz ve
sigilli olabilecegini bildirmislerdir. Aydin
(2019), Siirt, Sirnak ve Hakkari’den toplanan
70 yabani nohut genotipi ile ylriittiigii calisma

sonucunda; tane yiizeyinin yabanilerde
pliriizlii oldugu belirtmistir.
3.16. Bitki tipi

Farkli nohut popiilasyonlarindan saptanan
bitki tipine iligskin veriler incelendiginde
popiilasyonlarin % 53.85’1 yar1 dik, % 30.76’s1
dik ve % 15.39’u yatik formda olduklar
gozlenmistir. Bicer ve Anlarsal (2005) nohutta
23 yart yatik, 12 yar1 dik ve 11 yatik bitki tipi
belirlemiglerdir. Aydin (2019), 2015-2016
yillarinda  Siirt, Swrnak ve Hakkari’den
toplanan 70 yabani nohut materyali ile
yurlittiigli calisma sonucunda; bitki tipinin
kiiltiir nohutlarinda dik, yabani nohutlarda yar1

dik, yar1 yatik ve yatik biiylime gosterdiklerini
gozlemlemistir.

3.17. Siyah nokta varhgi

Farkli nohut popiilasyonlarinda saptanan
siyah nokta varligi bakimindan
popiilasyonlarin % 100’iinde siyah noktanin
varlig1 tespit edilmemistir. Aydin (2019), 70
yabani nohut materyali ile yiiriittiigli calisma
sonucunda; siyah nokta varliginin sadece bazi
yabani hatlarda oldugunu gozlemlemistir.

3.18. Tiiyliiliik durumu
Farkli nohut popiilasyonlar saptanan
tiylilik  durumuna iligkin sonuglar

incelendiginde popiilasyonlarin % 53.85 (7
genotip) tiyli, % 46.15’ 1 (6 genotip) az tiiylii
olarak gozlenmistir.

Tablo 4. Farkli nohut popiilasyonlarinda saptanan tane sekli, ¢icek rengi, tane ylizeyi, tane rengi, bitki
tipi, siyah nokta varligi ve tiiyliiliik durumuna ait gdzlemler

Popiilasyon-1 Kogbast Beyaz Piiriizlii Fildisi Beyaz1 Yar1 Dik Yok Az Tiyli
Popiilasyon-2 Kogbasi Beyaz Piirtizli Bej Yari Dik Yok Tiyli
Popiilasyon-3 Kogbasi Beyaz Piiriizsiiz Bej Dik Yok Tiyli
Popiilasyon-4 Kogbasi Beyaz Piiriizsiiz Bej Yatik Yok Az Tiyli
Popiilasyon-5 Kogbasi Beyaz Piiriizsiiz Sarimsi1 Bej Yari Dik Yok Tiyli
Popiilasyon-6 Kusbasi Beyaz Piirtizli Acik Bej Yar1 Dik Yok Tiyli
Popiilasyon-7 Kusbasi Beyaz Piiriizli Fildisi Beyazi Yari Dik Yok Az Tiyli
Popiilasyon-8 Kogbast Beyaz Piiriizlii Fildisi Beyaz1 Dik Yok Tiyld
Popiilasyon-9 Kogbast Beyaz Piiriizlii Sarimsi Bej Yatik Yok Tiyld
Popiilasyon-10 Kogbast Beyaz Piiriizsiiz Bej Yar1 Dik Yok Tiyld
Arda Kogbast Beyaz Piiriizsiiz Krem Dik Yok Az Tiyli
Azkan Kogbasi Beyaz Piiriizsiiz Acik Bej Dik Yok Az Tiyli
Seckin Kogbasi Beyaz Piiriizsiiz Krem Yar1 Dik Yok Az Tiyli
4. Sonug melezleme ve seleksiyon gibi nohut 1slahi
Arastirma  sonucunda Mardin ilinde ¢alismalarinda meveut materyalden

toplanan yerel nohut popiilasyonlari arasinda
tane verim ve verimle ilgili ozellikler
yoniinden 6nemli varyasyon saptanmistir. Bu
durum  Oniimiizdeki  yillarda  yapilacak

faydalanilabilecegini géz Oniine getirmektedir.
Bu calismadaki sonuglara goére, nohut
bitkisinin tane verimini artirmaya yonelik
yapilacak 1slah ¢aligmalarinda, tane verimi ile
olumlu iligkileri bulunan, erken ¢igeklenme,

68



Kurtarici ve Yicel

erken bakla baglama, erken olgunlagsma, bakla
sayisi, tane bitkide tane veriminin Oncelikli
seleksiyon kriteri olarak kullanilabilecegi
izlenimi vermektedir.

Arastirma sonucunda, Popiilasyon-5 ve
Popiilasyon-8’in erken ¢igeklenebilmelerinden
dolay1 erkencilik 1slahinda degerlendirilebilir.
Ayrica, bitkide bakla sayisi, bitkide tane sayisi
ve verim degerleri bakimindan Popiilasyon-5,
Popiilasyon-6, Popiilasyon-8 ve Popiilasyon-9
‘un verimlerin ortalama degerden ve kontrol

cesitlerden daha yiksek olduklar1
belirlenmistir. Bu nedenle, nohut 1slah
caligmalarinda bu popiilasyonlari
degerlendirilmesi dnerilebilir.
Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida

bulunduklarini, makalenin yaymna hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarini beyan ederler.

Cikar Catismas1 Beyam

Tlm yazarlar, bu calisma i¢in herhangi bir
cikar catigsmasi olmadigini beyan etmektedir.
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Ozet

Tarimda istihdam eden niifusun giderek azalmasi ve yaslanmasi tarimsal
iretimin siirdiiriilebilirligine iliskin endiseleri arttirmaktadir. Bu nedenle
cogu iilkenin gencgleri tarima yonlendirmeye iliskin kalkinma ve
destekleme projelerine agirlik verdigi goriilmektedir. Tirkiye’de ise
ziraat egitimi almis genglerin tarimsal iiretime kazandirilmasina yonelik
“Kirsal Kalkinmada Uzman Eller Projesi” yiiriitilmeye baglanmistir. Bu
calismada, tarima yonelik egitim almakta olan genglerin projeden
haberdar olma durumlari, yararlanma diisiinceleri ile buna etki eden
faktorlerin belirlenmesi ve tarima yonelik tutumlarinin degerlendirilmesi
amaclanmistir. Bu amacla Yozgat Bozok Universitesi Ziraat Fakiiltesi
ogrencilerinden Mart-Nisan 2022 tarihlerinde yiiz yiize anket yoluyla
(129) elde edilen veriler ¢caligmanin ana materyalini olusturmaktadir. Elde
edilen bulgulara gore, 6grencilerin ¢ogunun mezuniyet sonrasi tarim ile
ugrasma diisiincesinde olup bu diisiincede en dnemli etkenin ailenin
tarimsal tiretimde bulunmasi oldugu tespit edilmistir. Ancak projeden
yararlanmak isteyen genclerin orani oldukca diisiiktiir. Projeden
yararlanma isteginin diisiikliigli; heniiz yayginlasmamasi, hibe tutarinin
yetersizligi ve yararlanmak isteyenlerden ¢ok fazla on kosulun
aranmasiyla aciklanabilir. Projenin basartya ulagmasinda girisimciler igin
faaliyet kollar1 dikkate alinarak farkli ve yeterli miktarda hibe tutarlariin
belirlenmesi  Onemli  goriilmektedir. Ayrica genglere  yonelik
programlarin basariya ulasmasinda kirsaldaki yasam standartlarinin
iyilestirilmesine yonelik politikalarin gelistirilmesi 6nem arz etmektedir.
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Evaluation of Agricultural Faculty Students’ Perspectives on Expert Hands in Rural
Development Project; The Case of Yozgat Bozok University

Abstract

In this study, it is aimed to determine the knowledge of the young people
receiving agricultural education about the “Expert Hands In Rural
Development Project”, their thoughts on benefiting and the factors
affecting it, and also to evaluate their attitudes towards agriculture. Fort
his purpose, data obtained from Yozgat Bozok University Faculty of
Agriculture students in March-April 2022. The results showed that many
students considered working in agriculture after graduation, and it was
found that the presence of the family in agricultural production
determined the largest role in this decision. However, the proportion of
young people who want to benefit from the project is low. The fact that
the project has not become widespread yet can be explained by the
inadequacy of the grant amount and the search for too many prerequisites.
In order for the project to achieve the desired success, it is considered
important to determine different and sufficient grant amounts, taking into
account the fields of activity. Additionally, for grant programs successful,
policies aiming at raising living conditions in rural regions must also be
developed.

72

Research Article

Article History

Received :10.10.2022
Accepted :20.12.2022
Keywords

Expert  hands in  rural
development project
agricultural sustainability
agricultural education


https://orcid.org/0000-0002-0831-7091
https://orcid.org/0000-0002-9012-0756
https://orcid.org/0000-0002-2671-1439

Tengiz ve ark.

1. Giris

Tarim  sektorii; gida  giivencesi,
ekonomik gelisme, istihdam artigi, sanayi
sektoriine hammadde temini, biyolojik
cesitlilik ile ekolojik dengenin korunmasina
katki saglamaktadir (Dogan ve ark., 2015;
Sav ve Saym, 2018; Basaranoglu ve
Yilmaz, 2020). Bu baglamda sektor, sosyo-
ekonomik ve endiistriyel gelisim i¢in
yluksek bir carpan ve baglanti etkisi
olusturmasit nedeniyle ekonomiler i¢in
stratejik bir Ooneme sahiptir (Adesina ve
Favour, 2018).

Kirsal g6¢ sanayilesme  siireciyle
baslamis ve son yirmi yilda ozellikle az
gelismis ve gelismekte olan iilkelerde ciddi
artis  gostermistir.  Kirsaldan  gogiin
nedenleri iilkeden iilkeye ve bdlgeden
bolgeye farklilik gosterirken; tarimda ve
kirsal ~ kalkinmada  yasanan  birgok
aksaklhigin kirsal gocii tetikledigi goriisii
hakimdir (Xu ve ark., 2019; Giiresci, 2022).
Diger sektorler ile karsilastirildiginda tarim
sektoriinde sermaye hareketliliginin yavas,
risk ve belirsizligin fazla olmasi, zamanla

tarimsal iiretimden vazgecisi ve gocl
tetiklemistir. ~ Diger  yandan  tarim
sektoriinde teknoloji ve makine

kullaniminin yayginlagmasi isgiicline olan
ihtiyaci azaltirken; 6zellikle kiigiik ve orta
Olcekli isletmelerin maliyetleri iizerinde
baski olusturmaktadir. Bu durum kirsalda
yasayanlarda dnemli dl¢iide refah ve gelir
kaybi1 yaratmast nedeniyle g0¢
hareketliligine yol agmigtir. Egitim, saglik,
alt yap1 ve sosyal hizmetlerin yetersizligi,
tarim dis1 isttihdam olanaginin azligi, kirsal
alana yonelik yatirim faaliyetlerinin asgari
diizeyde tutulmasi kirsal gog artisina neden
olan sosyal faktorler arasinda yer
almaktadir (Daudu ve ark., 2009; White,
2012; Bezu ve Holden, 2014). Tirkiye’de
benzer nedenlere ek olarak tarim
isletmelerinin ~ yeter  gelirli  isleme
biiylikliigiinde olmayist ve pargaliligi,
zaman icerisinde kentsel niifustaki artig ve
2014 yilinda biiyiiksehir belediye miicavir

alan smirlarinin genisletilmesi gibi unsurlar
kirsal niifusun biiyiik 6l¢iide azalmasina yol
acmistir (Dogan ve ark., 2015; Sav ve
Sayin, 2018; Altintas ve ark., 2019).

Tarimsal iiretimin yogun olarak kirsal
alanlarda yapilmasi nedeniyle kirsal niifus
tarimsal niifus 1ile iliskilendirilmektedir.
Dolayisiyla  ozellikle  Tiirkiye — gibi
gelismekte olan tlkelerde kirsal goc artisi
tarimsal isttihdamda onemli kayiplara yol

agmistir (Ma ve ark.,, 2019). Kirsal
niifustaki azalma ve niifus yapisinda
yasanan  degisim  tarimsal  {iretimin

stirdiiriilebilirligi {izerine bir¢cok endise ve
tehdidi de beraberinde getirmistir. Ozellikle
geng niifusun tarimdan ayrilis1 ve yaslanan
tarimsal niifusun, diinyada hizla artan gida
talebini karsilamada verim
saglayamayacagi diigiiniilmektedir. Bu
nedenle son yillarda birgok iilkenin tarim
politikalarinda genglerin tarimda kalmasina
ve/veya tarima yonlendirilmesine iliskin
politikalara agirlik verdigi goriilmektedir
(Maiga ve ark., 2015; Adesina ve Favour,
2016; Cheteni, 2016; Njeru, 2017).

Tirkiye’de tarimda istihdam edenlerin
oraninin % 17.4 ve tarim isletmecilerinin
yas ortalamasmin 52 yil oldugu tahmin
edilmektedir (Basaranoglu ve Yilmaz,
2020). Bu durum ilgili kurum ve kuruluslar
harekete gecirmis ve tarimsal istihdami

arttirmak, kirsalda yasayanlarin  gelir
seviyesini ylikseltmek ve kirsal go¢ii
onlemek amaciyla “Gen¢ Ciftcilerin

Desteklenme Programi, Kirsal Kalkinma
Yatirimlarimin - Desteklenmesi  Programu,
Kirsal Alanda Sosyal Destek Projesi” vb.
cesitli projeler uygulanmaya baslanmuistir.
2020 yilinda pilot olarak uygulamaya konan
ve 2022-2024 yillar1 igin aktif hale gelen bir
diger proje ise Kirsal Kalkinmada Uzman
Eller Projesi’dir. Bu proje diger projelere
ek olarak tarim ile ilgili 6n lisans ve lisans
programlarindan mezun gengleri baz alarak
tarim, ormancilik, gida ve su iriinleri
sektorlerinde girisimciligi desteklemek, bu
faaliyetlerin uzman kisiler tarafindan
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yapilmasini tesvik etmek, tarimsal {iretimin
miktarini, kalitesini  ve  verimliligini
arttirmak, kirsal alanda tarimsal iiretim
yapan mevcut isletmelere 6rnek ve onderlik
olusturacak  siirdiiriilebilir  yatirimlari
desteklemek amaciyla gelistirilen bir hibe
programidir (Satar ve ark., 2022; Anonim,
2022a).

Kirsal Kalkinmada Uzman Eller Projesi
2019-2020 yillarinda Amasya, Diizce, Izmir
ve Mardin olmak iizere dort pilot ilde
yuriitiilmistir. Bu illerde toplam 100
projenin 100 bin TL'ye kadar desteklenmesi
planlanmis ve 2020 yilinda 98 proje
sahibine 9.7 milyon TL hibe destegi
O0demesi yapilarak 11.9 milyon TL’lik
yatirnmin faaliyete gecmesi saglanmistir.
Bunun iizerine 4046 sayili "Kirsal
Kalkinma Destekleri Kapsaminda Kirsal
Kalkinmada Uzman Ellerin
Desteklenmesine iliskin Karar" ile 2022—
2024 illar1 arasinda proje 81 ilde
uygulanmaya baglamistir (Anonim, 2022a).
Devam eden siirecte projede degisikligi
iceren 6691 sayili Cumhurbagkanligi
Karar114 Ocak 2022 tarihinde 32073 sayili
Resmi Gazete’de yayimlanarak yiiriirliige
girmis ve hibe miktar1 250 bin TL’ye
yiikseltilmistir (Anonim, 2023).

Genglerin tarimda kalmasi; tarimsal
istthdamda artis saglama, kirsal gocill
Onleme, tarimsal liretimin
sirdiriilebilirligine  katkida  bulunma,
kentsel alanlardaki niifus ve issizlik
baskisini azaltma ve tarimda uzmanlagsma
acisindan olduk¢a Onemli goriilmektedir.
Son yillarda politika yapicilarin konuyu
onceligine tasidiklari ve baz1 projeleri
hayata gecirdikleri goriilmektedir. Kirsal
kalkinma ve tarimda istthdam yaratma
amaciyla daha etkin sonuglar ortaya
koyabilmek i¢in  genglerin  tarimda
kalmasma  yoOnelik yapilan  bilimsel
calismalara ihtiyag duyulmaktadir.
Literatiirde de Geng Cifteilerin
Desteklenme Programi, Kirsal Kalkinma
Yatirimlarinin - Desteklenmesi  Programu,

Kirsal Alanda Sosyal Destek Projesi basta
olmak {izere bu projelerin etkinligini
degerlendirmeye yonelik pek cok caligmaya
yer verilmistir (Seving ve Binici, 2016;
Cobanoglu ve ark., 2017; Birol ve ark.,
2020; Ozkan ve Alkan, 2020; Besen ve ark.,
2021; Akdogan ve Giilgubuk, 2022). Ancak
2022-2024 yillar1 i¢in aktif hale gelen
Kirsal Kalkinmada Uzman Eller Projesi’ne
iliskin ¢ok az sayida ¢alisma vardir (Satar
ve ark., 2022; Engindeniz ve ark., 2022).
Bu c¢alismayla tarima yonelik egitim
almakta olan genglerin “Kirsal Kalkinmada
Uzman Eller Projesi’nden haberdar olma
durumlart ve buna etki eden faktorlerin
belirlenmesi ile tarima yonelik tutumlarinin
degerlendirilmesi amaclanmaktadir.
Calismanin Ozellikle ziraat egitimi alan
genglerin uzman eller projesi hakkindaki
gorlislerine yer vermesi nedeniyle 6zgiin
degerinin yiikksek oldugu sdylenebilir.
Ayrica aragtirma sonuglarmin ilgili kurum
ve kuruluslarca ylriitilen ve gelecekte
ylriitiilmesi planlanan benzer projelere
genglerin ilgisinin belirlenmesine, tesvik ve
destek  programlarinin  gelistirilmesine
katkis1 saglayacagi diigiiniilmektedir.

2. Materyal ve Yontem

Bu calismada, tarima yonelik egitim
almakta olan genglerin “Kirsal Kalkinmada
Uzman Eller Projesi”’nden haberdar olma
durumlar1  ve  projeden  yararlanma
distinceleri ile buna etki eden faktorlerin

belirlenmesi, ayrica tarima  yoOnelik
tutumlariin degerlendirilmesini
amaclanmistir. Bu amag¢ dogrultusunda

Yozgat Bozok Universitesi Ziraat Fakiiltesi
ogrencilerinden Mart-Nisan 2022
tarihlerinde yiiz ylize anket yoluyla elde
edilen birincil veriler calismanin ana
materyalini olusturmaktadir. Anket
calismasinda Yozgat Bozok Universitesi
Etik Komisyonu’ndan 21.12.2022 tarihli
40/10 karart ile izin alinmistir.

Calismanin ana popiilasyonunu 2021-
2022 egitim Ogretim yilinda fakiiltede
O0grenim goren 198 ogrenci
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olusturmaktadir. Projenin konusunun geng
ziraat mihendislerine yonelik olmasi
nedeniyle 40 yas lizerindeki Ogrenciler ile
kamuda gorev yaparak 6grenimine devam

bulundurulmus ve 129 &grenciyle anket
yapilmistir. Ziraat Fakiiltesi biinyesinde {i¢
bolimde egitim Ogretim faaliyeti yer
almaktadir ve anket yapilan 6grencilerin

eden ogrenciler kapsam disinda siiflara gore dagilimlar1 tablo 1°de
tutulmustur. Boylece aktif olarak 6grenime verilmistir.
devam eden Ogrenciler g6z Onilinde
Tablo 1. Ogrencilerin siniflara gére dagilimi
Simif Frekans (Kisi) %0

1. Smuf 29 22.5

2. Smf 38 29.5

3. Smuf 32 24.8

4. Simf 30 23.3

Calismada elde edilen veriler arasindaki
baglantilar ylizde dagilimlanyla capraz
tablolar halinde verilerek yorumlanmistir.
Olusturulan ¢apraz tablolarda gruplar arasinda
anlamli bir farklilik olup olmadig “chi-
square” ve farkliligin hangi gruplardan
kaynaklandigmmin  tespitinde “tek  yonli
varyans” analizi yardimiyla istatiksel olarak
ortaya konulmustur.

3. Bulgular ve Tartisma

Ziraat  Fakiiltest  Ogrencilerine  ve
ogrencilerin ailelerine iliskin genel bilgilere
tablo 2°de yer verilmistir. Ogrencilerin %
67.4’tnti  kadinlar, % 32.2’sini erkekler
olusturmakta olup yas ortalamasi 22.01 yil
olarak  belirlenmistir. ~ Ogrencilerin %
67.4’linlin  ailesinin  tarimsal  faaliyette
bulundugu ve bu ailelerde yillik tarimsal
gelirin 257 041,67 TL yil' oldugu
belirlenmistir. Caligmaya katilan 6grencilerin
geneline bakildiginda ise tarimsal gelir 155
420,54 TL y1il'! olarak hesaplanmis, ailelerin
tarim dis1 gelirinin ise 89 541,86 TL yil'!
oldugu saptanmustir. Ogrencilerin ailelerindeki
ortalama  kisi  sayismin  3.78  oldugu
belirlenmistir. 2022 y1l1 Tiirkiye’de dort kisilik
ailenin yoksulluk st 26 485 TL ay!
(Anonim, 2022b) oldugu dikkate alindiginda;
elde edilen veriler 15181inda hesaplanan toplam
gelirin (20 413,5 TL ay™') yoksulluk sinirmin
alinda  kalmasi  dikkat  ¢ekmektedir.

Ogrencilerin ailelerinin toplam isletme arazisi
ortalama 103.87 da ve biiyiik cogunlugu (96.54
da) tarla arazisi niteligindedir. Ailelerin
ortalama biiyilikbas ve kiiclikbas hayvan varligi
sirastyla 4.6, ve 23.0 adet olarak belirlenmistir.

Ogrencilerin = % 67.4’iiniin  ailelerinin
tarimsal tiretim faaliyetinde bulundugu, yine
ogrencilerin  %59.7’sinin ziraat fakdiltesine
gelmeden oOnce aileleri ile birlikte tarimsal
faaliyet icinde yer aldig1 saptanmistir. Daha
once tarimsal faaliyet ile ugrasan 6grencilerin
biiylik bir kismmin (% 72.7) bitkisel {iretim
faaliyetinde yer aldig1 geriye kalan kismin ise
hayvansal {iretim yaptig1 belirlenmistir. [zmir
ilinde gergeklestirilen benzer ¢alismada
ogrencilerin % 49.6’sinin  ailesi tarimla
ugrastigr ve cogunlugunun meyvecilik (%
60.3) faaliyetinde bulundugu tespit edilmistir
(Engindeniz ve ark., 2022).

Ogrencilerin ziraat fakiiltesini tercih etme
nedenleri incelendiginde, % 24.0’i4 aile
meslegi, % 23.3’0 tarimsal {iretim yapma
istegi, % 20.9’u zorunlu tercih olarak ve %
17.1°1 egitim alarak bilingli tarimsal iiretim
yapmak nedeniyle tercih ettiklerini
belirtmislerdir (Tablo 3). Is imkanmin fazla
olmasi, gelirin yiikksek olmasi, tarimin
stireklilik arz eden bir sektor olmasi diislincesi
diger nedenler (% 14.7) arasindadir.
Ogrencilerin ziraat fakiiltesi tercihinde ailenin
tarimla ugrasmasinin etkili oldugu
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goriilmektedir.  Nitekim  yapilan analiz
sonucunda da Ogrencilerin ziraat fakiiltesi
tercihi ile ailelerinin tarimda bulunma durumu

arasinda %S5 anlamlilik diizeyinde istatiksel bir
iliski oldugu belirlenmistir (p<0,05).

Tablo 2. Ogrencilere ve ailelerine iliskin genel bilgiler

Degiskenler
Cinsiyet (%) Kadimn 67.4
Erkek 322
Yas (ort. yil-std sapma) Genel ort. 22.01 -3.58
Tarim Ekonomisi 31.8
Bolim (%) Bitki Koruma 57.4
Bahge Bitkileri 10.9
1.Smif 22.5
Smnf (%) 2.Smif 29.5
3.Simif 24.8
4.Smif 23.3
Genel not ortalamasi (ort.-std sapma) Genel ort. 2.85-0.46
Marmara 10.9
Akdeniz 15.2
Ege 13.0
Geldikleri bolgeler (%) ¢ Anadolu 23.9
Karadeniz 17.4
Dogu Anadolu 6.5
Glineydogu Anadolu 13.0
Tarmmsal gelir ( TL, tarimsal tiretim yapanlar ort.) TL yal! 257 041,67 (n:87)
Tarimsal gelir ( TL, genel ort.) TL yil! 155 420,54 (n:129)
Ailenin tarim dis1 geliri ( TL, ort.) TL y1l'! 89 541,86 (n:129)
Toplam gelir ( TL, genel ort.) TL y1l! 244 962,40 (n:129)
Aile kisi sayisi (ort. kigi-std sapma) Kisi 3.78-1.28
Ailelerin tarimsal arazi varlig1 (n:87) da 103.87
Ailelerin hayvan varlig1 (n:87) Buyikbas, adet 46
Kiigiikbas, adet 23.0

Tablo 3. Ogrencilerin Ziraat Fakiiltesini tercih etme nedenleri ile ailelerinin tarimsal iiretimde bulunma
durumu arasindaki iligkiler (%)

Ailenin tarimsal faaliyette bulunma durumu

Evet Hay1r Toplam
= Zorunlu tercih 9.3 11.6 20.9
E - Aile meslegi oldugu icin 20.9 3.1 24.0
E g Tarimsal {iretim yapmak i¢in 16.3 7.0 23.3
E g Egitim almak-bilingli {iretim yapmak 11.6 54 17.1
‘§ @ Diger 9.3 5.4 14.7
=
S Toplam 67.4 32.6 100.0

Pearson Chi-Square: 12.211 df: 4 P-Value: 0.016

Tirkiye’de tarimsal faaliyetler yaygin
olarak aile igletmeciligi seklinde yapilmakta ve

ailenin sahip oldugu arazi, alet-makine ve
diger tarimsal varliklarin miilkiyetinin biiytlik
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oranda aile reisinde oldugu bilinmektedir. Elde
edilen bulgulara gore ailesi tarimsal iiretimde
bulunan genclerin sadece % 17.2’sinin iizerine
kayith tarimsal varligin oldugu belirlenmistir.

Miilkiyet durumunun aidiyet duygusunu
giiclendirdigi ve tarimsal faaliyetin
stirdiiriilebildiginde etkili oldugu

diistintildiiglinde bu oran oldukea diistiktiir.

Tablo 4. Mezuniyet sonrasi tarim ile ugragma diisiinceleri (%)

Ailenin tarimsal faaliyette bulunma durumu

Evet Hay1r Toplam
Evet 59.7 17.8 77.5
Q2 & @
= £ 3 Hayir 4.7 11.6 16.3
E 2 =
5 ,E,) g Kararsiz 3.1 3.1 6.2
= Toplam 67.4 32.6 100.0
Pearson Chi-Square: 19.719 df: 2 P-Value: 0.000

Ziraat mihendisi adaylarinin mezuniyet
sonrasi tarimsal faaliyetler ile ilgilenme
diisiinceleri incelendiginde; % 77.5°1 tarimsal
iiretimde yer almay1 diisiiniirken, % 6.2’s1

kararsiz oldugunu, digerleri (% 16.3) ise
tarimsal  faaliyet icinde yer  almak
istemediklerini belirtmislerdir (tablo 4).

Tablo 5. Mezuniyet sonrasi tarim ile ugrasma istekliliginin nedenleri (%)

Ailenin tarimsal faaliyette bulunma durumu

Evet Hayir Toplam
Mezuniyet sonrasi tarim ile ilgilenme istegi
llgilenmem gereken arazilerimiz var 49.4 4.8 54.2
. ilgilenmem gereken hayvanlarimiz var 19.5 24 21.9
8 Aile meslegi 40.2 9.5 49.7
% Tarm karli buluyorum 345 14.3 48.8
g Tarmmu seviyorum 51.7 31.0 82.7
é Koy yasamu ilgimi ¢ekiyor 37.9 9.5 474
Diger 11.5 19.0 30.5
Tarim agir ve zahmetli 2.3 11.9 14.2
« Tarim yeterli gelir saglamiyor 4.6 11.9 16.5
.i:’ Kirsalda yagamak zor 2.3 7.1 9.4
3
E Sosyal giivence ve gelir garantisi yok 34 16.7 20.1
‘i Koy hayati ¢ekici gelmiyor 2.3 7.1 9.4
E‘ Tarima yeterli destek verilmiyor 2.3 11.9 14.2
Diger 23 21.4 237

*Birden fazla segenege cevap verilmistir

Ogrencilerin mezun olduktan sonra tarimsal
faaliyetlerde bulunma nedenleri arasinda;
tarimi sevmeleri (% 82.7), ailenin yeterli arazi
varligmin olmasi (% 54.2), ailenin tarimsal
faaliyet yapmas1 (% 49.7) ve kdy yasaminin
ilgi ¢ekmesi (% 47.4) 6n plana ¢ikmaktadir.
Diger yandan tarim sektoriinde sosyal giivence

ve gelir garantisinin olmamasi (% 20.1), yeterli
gelir elde edilememesi (% 16.5), liretimin agir
ve zahmetli olusu (% 14.2) ve yeterli destegin
verilmemesi (% 14.2) nedeniyle o6grenciler
gelecekte tarimla ilgilenmeyi
distinmediklerini belirtmislerdir (Tablo 5).
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Ogrencilerin gelecekte tarimsal faaliyette
bulunmama nedenleri arasinda tarimsal
faaliyetlerden yeterli gelir elde edilememesi
one c¢ikmaktadir. Bu durum heniiz tarimsal
tiretim i¢inde yer almayanlar kadar daha 6nce
yer almis Ogrenciler arasinda da Onemli
goriilmektedir. Satar ve ark. (2022) uzman
eller projesi hayvancilik  projelerinden
yararlanan gencler ile yaptiklar1 g¢alismada

yeterince para kazanamamak, sosyal sebepler,
sektoriin zor ve zahmetli olmasi1 {retimi
birakma diislinceleri arasinda siralandigini
belirtmistir. Geng ¢ift¢i projesinde ise liretimi
devam ettirme diislincesi ilizerinde sosyal ve
kiiltiirel sebeplerin daha o©nemli oldugu
goriilmektedir (Unakitan ve Basaran, 2018;
Altintas ve ark., 2019).

Tablo 6. Ogrencilerin 6grenim gordiigii simiflara gore “Kirsal Kalkinmada Uzman Eller Projesi”

hakkindaki bilgi diizeyleri

Simf
1. simf 2. simf 3. simf 4. stmf Genel
Hi¢ duymadim 72.4 42.1 31.3 26.7 42.6
B _ Duydum ama bilgim yok 13.8 34.2 43.8 30.0 31.0
&2 g Biraz bilgim var 10.4 7.9 12.5 26.7 14.0
ga Yeterli bilgiye sahibim 3.4 15.8 12.4 16.6 12.4
=~ Toplam 100.0 100.0 100.0 100.0 100.0
Pearson Chi Square: 20.844 df:9 P-Value: 0.013
Yapilan arastirmada Ogrencilerin %  bilgi sabi olma arasinda % 5 diizeyde anlamli

42.6’smun “Kirsal Kalkinmada Uzman Eller
Projesi’ni daha once hi¢ duymadigi, %
31.0’inin projeyi duydugunu ancak yeterli
bilgisinin olmadigi, % 14.0’{linilin biraz bilgisi
oldugu ve % 12.4’linilin yeterli bilgiye sahip
oldugu belirlenmistir (Tablo 6). Fakiiltede 1.
smifta okuyan 6grencilerin % 72.4°1, 2. sinifta
okuyanlarin ise % 42.1’1 projeyi hi¢
duymadiklarini belirtmislerdir. Ust simiflarda
ise projeyi duyma ve proje hakkinda bilgi
sahibi olma oran1 yiikselmektedir.

Calismada proje bilgi diizeyleri hig
duymadim (1), duydum ama bilgim yok (2),
biraz bilgim var (3) ve yeterli bilgiye sahibim
(4) seklinde siralanmistir. Proje hakkinda 1.
smiflarin - bilgi diizeyi (X=1.45) iken 2.
smiflarin (Xx=1.97), 3. siniflarin (x=2.06) ve 4.
simiflarin bilgi diizeyi (X=2.33) diir. Yapilan
chi square analizi sonucglarina  gore
ogrencilerin okudugu sinif ile proje hakkinda

bir iligki s6z konusudur. Benzer bir ¢calismada
ise ogrencilerin % 70.9’unun uzman eller
projesi  hakkinda bilgi sahibi  oldugu
bulunmustur (Engindeniz ve ark., 2022).
Uygulanan tek yonli varyans analizi
sonucunda; farkli smiflardaki Ogrenciler
arasinda proje bilgi diizeyi bakimindan
farklilik tespit edilmistir. Buna gore, 1. sinifile
4. smf Ogrencileri arasinda bilgi diizeyi
anlamli derecede daha yiiksektir (f: 4.050,
p<0.01).

Ogrencilerin ailelerinin tarimsal
faaliyetlerde bulunmasi ile 6grencilerin proje
hakkinda bilgi sahibi olmasi1 arasinda
istatistiksel bir iligki bulunamamuistir (Tablo 7).
Tablo incelendiginde ailesi tarimsal faaliyette
bulunan veya bulunmayan G&grencilerin,
projeden haberdar olmasina iligkin sonuglar
benzerlik gostermektedir.
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Tablo 7. Ogrencilerin ailelerinin tarimsal faaliyette bulunma durumu ile “Kirsal Kalkinmada Uzman

Eller Projesi” hakkindaki bilgi diizeyleri

Ailenin tarimsal faaliyette bulunma durumu

Evet Hayr Genel

Hi¢ duymadim 41.4 45.2 42.6
B Duydum ama bilgim yok 28.7 35.7 31.0
ag Biraz bilgim var 17.2 7.2 14.0
25
=) Yeterli bilgiye sahibim 12.6 11.9 12.4
="

Toplam 100.0 100.0 100.0

Pearson Chi Square: 2.626 df:3 P-Value: 0.453

Tablo 8. Ogrencilerin Uzman Eller Projesine bagvuru yapma diisiinceleri (%)

Ailenin tarimsal faaliyette bulunma durumu

Evet Hay1r Toplam
£ Evet 29.5 5.4 349
% § Hayir 217 17.1 38.8
i % Kararsiz 16.3 10.1 26.4
e =
& Toplam 67.4 32.6 100.0
Pearson Chi-Square: 9.405 df: 2 P-Value: 0.009

Yapilan arastirmada o6grencilerin  Kirsal
Kalkinmada Uzman Eller Projesi’nden
yararlanma istekliligine iliskin sonuglar Tablo
8’de  verilmistir.  Projeden  yararlanma
isteginde olan Ogrencilerin ailelerinin ¢ok
bliyik  oranda tarim ile  ugrastigi
goriilmektedir. Bunun en oOnemli nedeni
ailelerin kirsal kesimde arazi basta olmak
iizere bitkisel ve hayvansal iiretime yonelik
varliklarinin olmasidir.  Yapilan chi square
testine gore proje basvuru diisiincesi ile ailenin
tarimda bulunma durumu arasinda %1 diizeyde
anlaml bir iligski oldugu belirlenmistir. Buna
gore, ailesi tarimsal {iretimde bulunan
Ogrencilerin projeye bagvuru diisiincelerinin
daha yiliksek oldugu soOylenebilir. Projeye
basvuru diislincesinde olan (% 34.9) ve
kararsiz olan (% 26.4) 6grencilerin % 84.4’1

bitkisel liretim icin projeden
yararlanabileceklerini  belirtmigtir.  Bunu
hayvancihik (% 37.8) ve ormancilik

alanlarindaki faaliyetler (% 6.7) takip
etmektedir. Proje basvuru diislincesinin proje
bilgi diizeyi bakimindan farklilik durumu, tek
yonlii varyans analizi ile test edilmistir. Buna
gore projeye basvuru yapmak isteyen

ogrenciler (x=2.24) ile projeye basvuruda
kararsiz (X=1.79) Ogrenciler arasinda bilgi
diizeyinin daha yiiksek oldugu belirlenmistir
(f: 2.667, p<0.10).

Uzman eller projesine basvuru yapmak
isteyen Ogrencilerin, ailesi bitkisel {iretim
yapanlarin % 81.8’1 basvuru durumunda
bitkisel dretim yapmak ig¢in projeden
yararlanmak istedigini, hayvancilik yapanlarin
ise % 75.0’1 hayvancilik projesine bagvuru
yapmak istediklerini belirtmistir. Bu durum
daha onceden tarimsal faaliyet igerisinde yer
alanlarin yine bildikleri faaliyet alanlarina
yilksek oranda yonelmek istediklerini
gostermektedir. Engindeniz ve ark. (2022)
yapmis olduklari ¢aligmada ise 6grencilerin %
61.4’linlin uzman eller projesine bagvurma
diisiincesinde oldugunu ve kendi isini kurma
diisiincesi (% 83.3) nedeniyle projeden
yararlanmak istediklerini tespit etmistir. Ayni1
calismada 6grencilerin 6ncelikli olarak bitkisel
iiretime yonelik projelere basvuru yapmak
istedikleri hayvansal ve su iiriinlerine yonelik
projelerin bunu takip ettigini belirtmislerdir.
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Tablo 9. Ogrencilerin uzman eller projesi hakkinda goriisleri (%)

% Ort. Std.
Proje Hakkinda Géoriisler ¢ r
1 2 3 4 5 Puan Sapma
Projeden saglanan 100 000 TL hibe destegi tarimsal 34.1 302 186 10.1 7.0 296 1927
faaliyetler i¢in yeterlidir. 64.3 17.1
155 155 333 93
Proje tarimsal siirdiirebilirlige katki saglayacaktir. 26.4 3.05 1.220
31.0 42.6
124 140 40.3 109
Proje ayn1 zamanda kirsal kalkinmaya destek saglamaktir. 22.5 3.23 1.196
26.4 51.2
11.6 18.6 357 93
Uzman eller projesiyle birlikte kirsal gé¢ azalacaktir. 24.8 3.12 1.173
30.2 45.0
Genglere yonelik olan bu proje ile tarimda geng niifusun 7.8 155 27.1  21.7 1,40 1208
artig1 saglanabilir. 23.3 279 48.8
leri kal gl k 2 14, . 17.
Genglerin tarimda kalmasini saglayarak tarimda 6 7 25 38.8 7.8 347 L132
modernizasyonun gelismesine katkida bulunacaktir. 20.9 56.6
G gitimli ¢iftcilerin tarimd: | t 23 109 434 248
eng ve egitimli ciftcilerin tarimda yer almasi tarim 18.6 378 1017
sektoriiniin gelisimini desteklemektedir. 13.2 68.2
Proj 1 ki 6n kosull treticilerin hi d 17, 2 147
rojeden yaralanmadaki 6n kosullar geng iireticilerin hibe 3 8 34 30 2 64 L.037
desteginden yararlanma diizeyini azaltacaktir. * 209 44.9
Projenin etkinligi kirsal kosull . . 41.1 16.
rojenin etkinligi kirsal yagam kosullarinin 7.8 9.3 6.3 3.49 L112
iyilestirilmesine baghdr. 17.1 25.6 574
Projede yer alan kirsalda yagsam sart1 bitkisel tiretim 6.2 13.2 41.1 233 162 1161
gergeklestirilmesi igin dnemlidir. 19.4 163 64.4 ' '
Zirai egitim almus kigilerde yeterli hayvan ve arazi varligi 7.8 14.0 133 279 17.1 b 67 147
aranmasi projenin hedeflerine ters diigmektedir. * 21.8 45.0
Proje k kirsala gog hareketligi 0 li 11. 17. 1. 15.
roje kentten kirsala go¢ hareketliginde 6nemli yer 6 7.8 24.0 31.0 5.5 301 1242
alacaktir. 294 46.5
On lisans/ lisans egitimi almig genglerin kirsalda yagama 7.0 155 18.6 326 264 2 44 1231
bakis agis1 olumsuzdur. * 22.5 59.0

Likert 6lgeginde degerlendirilmistir. (Kesinlikle katilmiyorum-1, Katilmiyorum-2, Ne katiliyorum ne katilmryorum-3, Katiliyorum-4, Kesinlikle katiltyyorum-5)
* Olumsuz yargilarin ortalama puanlart ters kodlama (olumludan olumsuza) yapilarak hesaplanmigtir

Tablo 9°da genclerin uzman eller projesi
hakkindaki  diisiinceleri ailenin tarimda
bulunup-bulunmama durumuna gore
incelenmis, sonuglarin benzerlik gostermesi
nedeniyle genel olarak verilmistir.
Ogrencilerin % 68.2°si tarim sektdriiniin
gelisiminin desteklenmesinde geng ve egitimli
ciftcilerin yer almasi gerektigini
diistinmektedirler. Bu durum  genglerin
geleneksel iiretim yOntemlerinden ziyade
modern tarim uygulamalarin1 tercih ettigini
gostermektedir. Tarimsal liretim konusundaki
egitimleri ~ ve  tarimdaki  ilerlemelerin
birlesimiyle daha bilingli iiretim ve tarimda
stirdiiriilebilirligin ~ saglanmas1  agisindan
onemli goriilmektedir. Proje temelde kirsal
alanda geng¢ niifusu arttirmayr ve genglerin
aktif olarak tarimda yer almasimi saglamay1

amaglamaktadir. Elde edilen bulgulara gore,
bitkisel iiretim i¢in kirsalda yasamanin sart
oldugunu diisiinenlerin oram1 % 64.4,
digiinmeyenlerin  oran1t % 19.4 olarak
belirlenmigtir.  Buna  karsin  projenin
etkinliginin kirsal alanda yasam kosullarinin
iyilestirilmesine baglh oldugunu
belirtmektedirler (% 57.4). Kirsal alanda ve
tarimda gen¢ niifusu arttrmada gelirin
yukseltilmesine yonelik tarimsal destek ve
tesvik politikalarinin yan sira 6zellikle sosyo-
kiiltiirel acidan kalkinma politikalarina yer
verilmesi 6nem arz etmektedir.

Ogrencilerin uzman eller projesi hakkindaki
goriisleri icinde en fazla yetersiz gordiikleri
digtincenin  hibe tutar1 ile 1ilgili oldugu
goriilmektedir. En yiiksek hibe tutari olan 100
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000 TL’nin tarimsal faaliyet icin yetersiz
kalacagt (% 64.3) goriisliniin hakim oldugu
sOylenebilir. Benzer bir c¢alismada ise
Ogrencilerin projeye basvuru diisiincesinde
olmamasmin en oOnemli nedeni destek
miktarinin  yetersizliginden kaynaklandigi
sonucu bu bulguyu destekler niteliktedir
(Engindeniz ve ark., 2022). Calismanin giris
bolimiinde de belirtildigi gibi s6z konusu
destek miktar1 2023 yilindan itibaren 250 000
TL’ye vyiikseltilmistir. ~ Ogrenciler  hibe
miktarinin yetersiz goriilmesine ek olarak
hibeden yararlanma prosediirlerinin ¢oklugu
ve zorlugu (% 44.9) yoniinde bir goriise
sahiptirler.

Kirsal alanlarda en biiyiik sorunlardan biri,
genglerin kentsel alanlara go¢ etmesi sebebiyle
tarim sektoriinde istihdam edilen geng niifusun
sayisinin her gecen giin azalmasidir. Geng
niifus azalisginda gelir yetersizligi ve istthdam
olanaklarinin yam1 sira Ozellikle egitim
seviyesindeki artis karsisinda yetersiz kalan
sosyal olanaklar etkili olmaktadir. Bu agidan
bakildiginda egitim diizeyi yiikseldikce kirsal
yasama bakisin olumsuz olmasi
beklenmektedir. Nitekim elde edilen sonuglara
gore ziraat fakiiltesi Ogrencilerinin kirsal
alanda yasamaya olumsuz (% 59.0) baktiklar
goriilmektedir.

Yapilan benzer bir calismada 6grencilerin
kirsal alanda yasamak istememesi projeye
bagsvurmama gerekceleri arasinda yer aldigi
belirtilmistir (Engindeniz ve ark.,, 2022).
Genglere yonelik gerceklestirilen bagka bir
calismada ise egitim seviyesi yiiksek, yas
grubu distik ve kirsal alanin yasam
standartlarin1 diisiik bulan genglerin tarimsal
iretimi birakarak daha fazla gb¢ etme
egiliminde oldugu belirtilmistir (Altintag ve
ark., 2019). Son yillarda tarimda istithdam
edilen niifus yas ortalamasim diisiirmeye ve
tarimda uzmanlasmaya yonelik projeler 6n
plana ¢ikmaktadir. Bu projelerin etkinliginin
Olclilmesinde genglerin tarim ve kirsalda
yasama yaklagimlarinin  degerlendirilmesi

onemlidir. Uzman eller projesi oOzelinde
yapilan bu c¢alismada gencglerin tarima ve
kirsalda yasama yaklasimlarina yer verilmistir
(Tablo 10). Ogrencilerin % 55.1°i genglere
yonelik  verilen desteklemeleri  tarimsal
faaliyetlere katilimlarinda motivasyon kaynagi
olarak goriirken, % 19.4’1 karasiz oldugunu, %
25.6’s1 ise bu desteklemelerin motivasyonda
etkili olmadig1 goriisiine sahiptir. Uzman eller
projesine benzer olan geng ciftci projesini
konu alan bir ¢alismada, genglerin %80’inin
destek  olmamasi  durumunda  yatirim
yapmayacagi belirlenirken (Altintag ve ark.,
2019); baska bir ¢alismada ise genclere verilen
desteklemelerin gen¢ iireticileri tarimsal
iretime Ozendirdigi ortaya konulmustur
(Unakitan ve Basaran, 2018). Bu ¢aligmalar ile
karsilastirlldiginda ¢alismada buna konuya
iliskin elde edilen oran diisiiktiir. Bu oranin
disikliigii kirsal kalkinmada uzman eller
projesinin 2022 yilinda aktif hale gelmesi ve
ogrencilerin projeyi biiyliik Olclide (% 42.6)
duymamis olmamalariyla agiklanabilir.

Tarimda makine ve teknoloji kullaniminin
yayginlagmasi iiretim siirecinin énemli 6l¢iide
kisalmasmma ve bunun sonucunda O&zellikle
bitkisel iiretimde ¢aligilan isgiinii siiresinin
azalmasiyla kirsal gogiin artmasina neden
olmaktadir. Ogrencilerin % 41.9u (%=3.17)
bitkisel tiretim siirecinin kisalmasini kirsalda
sirekli ikamet etme durumunu ortadan
kaldirdig1 goriisiine sahiptir. Buna ek olarak
sosyal imkanlarin yetersizligi, ek gelir saglama
noktasinda kisithlik gibi nedenler kirsal
alanlarda ikamet etme diislincesini olumsuz
yonde etkilemektedir.

Ogrencilerin tarima ve kirsal yasama
yonelik  disilincelerinin = genel itibariyle
olumsuz yonde oldugu sdylenebilir. Gengler
ciftciligin agir ve zahmetli gérmekte (x=2.19),
tarimsal liretimin diger sektorlere gore daha az
sermaye gerektirdigi diislincesine (X=2.32)
katilmamakta ve kentlerin genglere bircok
imkan sunmasi sonucunda kirsal niifusun
azaldig1 (Xx=2.34) diisiincesine sahiptir.
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Tablo 10. Ogrencilerin tarima ve kirsal yasama yonelik diisiinceleri (%)

% Ort. Std.
Tarima ve Kirsal Yasama Yonelik Diisiinceler ? r
1 2 3 4 5 Puan  Sapma
Tarimsal tiretim diger sektorlere gore daha az sermaye 29.5 333 10.1 7.0 32 1199
gerektirmektedir. 62.8 20.2 17.1 ' '
Genglere yonelik tarimsal destekler genglerin tarim 8.5 17.1 19.4 349 20.2 341 1229
sektoriine katilimi igin iyi bir motivasyon kaynagidir. 25.6 55.1
, 1.6 155 31.0 233
Ciftcilik statii olarak olumsuz algilanmaktadir. * 28.7 2.41 1.058
17.1 54.3
Sehirlerin birgok alanda genglere imkan sunmasi kirsalda 39 116 240 357 24.8 234 1,093
geng niifus oranini azaltmaktadir. * 15.5 60.5
Bitkisel iiretim stirecinin kisa olmasi kirsalda siirekli ikamet 6.2 21.7 326 93 A 17 1069
etmeyi gerektirmemektedir. 27.9 30.2 419
Sektorde risk ve belirsizliklerin fazla olusu genglerin tarimda 3.1 12.4 26.4 357 225 )38 1062
kalma egilimini olumsuz etkilemektedir. * 15.5 58.2
Kirsaldaki egitim hizmetlerinin yetersizligi leri 3.1 10.1 42.6 178
rsaldaki egitim hizmetlerinin yetersizligi genglerin 26.4 538 994
sehirlere gdc etmesinin temel sebebidir. * 13.2 60.4
Yeter diizeyde gelire sahip olma durumu gég¢ etme egilimini 7.8 163 217 403 14.0 136 1145
azaltacaktir. 24.1 54.3
Genglere yonelik gelistirilen tarima tesvik politikalar 47 109 395 209 239 L078
siirdiirebilir degildir. * 15.6 24.0 60.4
. 70 7.8 357 333
Cifteilik agir ve zahmetlidir. * 2.19 1.186
14.8 16.3 69.0
Evlilik potansiyeli olan kizlarin aileleri, kizlarina es olarak 7.8 10.9 279 31.0 236 1243
tarim ile ugrasanlari tercih etmemektedir. * 18.7 58.9

Likert 6lgeginde degerlendirilmistir. (Kesinlikle katilmiyorum-1, Katilmiyorum-2, Ne katiliyorum ne katilmiyorum-3, Katiliyorum-4, Kesinlikle katiliyorum-5)
* Olumsuz yargilarin ortalama puanlari ters kodlama (olumludan olumsuza) yapilarak hesaplanmigtir

4. Sonuclar

Tarimsal konularda egitim almis genclere
pozitif ayrimcilik igeren projeler tarimda
stirdiiriilebilirligi  hedef almaktadir. Bu
projelerin etkinliginin degerlendirmesi
gelistirilecek ve iyilestirilecek politikalar
acgisindan 6nem arz etmektedir. Bu ¢alismada
2022 yilinda uygulanmaya baslanan Kirsal
Kalkinmada Uzman Eller Projesi’nin hedef
kitlesini olusturan ziraat fakiiltesi
ogrencilerinin, proje  hakkindaki  bilgi
diizeyleri, projeden yararlanma diisiinceleri,
tarrma ve kirsal yasama yaklasimlari
degerlendirilmis ve Onemli sonuglar elde
edilmistir. Ogrencilerin biiyiik bir kism1 (%
77.5) mezun olduktan sonra tarim ile ugrasma
diisiincesinde olup bu diisiincede en Snemli
etkenin ailenin tarimsal iiretimde bulunmasi
oldugu tespit edilmistir. Buna gore, ozellikle
tarimsal iiretimle yakindan iliskili egitimli
genglere, proje  desteklerinde  Oncelik

verilmesinin s6z konusu genclerin {iretimden
vazgegmemelerinde onemli olacagi
diistiniilmektedir.

Calismada dikkat ¢eken diger onemli bir

husus 0Ogrencilerin biiyiilk bir ¢ogunlugu
tarimla ilgilenmeyi disliniiyor olsa bile
bunlarin ¢ok az bir kismi projeden

yararlanmay1 (% 34.9) disiinmektedir. Bu
temelde 6grencilerin proje hakkindaki yeterli
bilgiye sahip olmamasi1 ile aciklanabilir.
Fakiilteye yeni baslayan ogrencilerin proje
hakkinda yeterli bilgisinin olmamasi1 beklenen
bir durum iken ist siniflarda 6grenim goéren
ogrencilerde de bu oranin ¢ok yiiksek olmadigi
belirlenmistir. Bu durumda miifredatta yer alan
derslerde ve yonetim tarafindan
gerceklestirilecek farkli etkinliklerde, ilgili
proje basta olmak lizere tarimsal destekler ile
ilgili gilincel bilgilerin 6grencilere verilmesi
yararli olacaktir. Kirsal alanlarda 6zellikle goc
ile birlikte yas ortalamasinin yilikselmesi
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tarimsal {retimin siirdiiriilebilirligini tehdit
eden unsurlar arasindadir. Sirdiiriilebilirlik
acisindan genclerin tarimda bulunmasina
yonelik olusturulan politikalarin iyilestirilmesi
ve gelistirilmesinde  genglerin  sektore,
destekleme ve tesvik programlar1 hakkindaki
algilarinin  bilinmesi 6nemlidir. Konusunda
egitimli genglerin dogru bilgi saglama ve
gelisen teknolojilerin kullanimin1 daha kolay
benimseyerek uygulamasi i¢in, sektoriin her
acidan desteklenmesini gerekli kilmaktadir.
Ogrenciler projenin amaglar1 arasinda yer alan
tarimsal  siirdiiriilebilirlige katki  ve goc
hareketliligini 6nleme noktasinda projeyi
yeterli  bulmamaktadir.  Kirsalda  gelir
beklentisinin karsilanmasiin yaninda yasam
standartlarinin ~ yiikseltilmesine ~ ydnelik
caligmalarin arttirilmasi genglerin sektorde yer
almalar1 i¢in gerekli goriilmektedir. Ayrica,
proje kapsaminda verilen 100 000 TL’lik hibe
desteginin yetersiz oldugu belirlenmistir. Her
ne kadar sonradan bu miktar 250 000 TL’ye
yiikseltilmis olsa da, her bir proje konusunun
yatirim tutar1 degisiklik gosterebilmektedir.
Bu nedenle hibe tutarlarinin proje konularina
gore ayri olarak belirlenmesi ve ekonomik
sartlara gore glincellenmesi projenin basarisi
icin Onerilmektedir. Diger yandan ilgili kurum
tarafindan yararlanicilara 6n fikir olusturmasi
amaci ile proje konularina gore gelistirilecek
yatirrm fizibilite raporlarinin agik erisime
sunulmasinda yarar vardir. Bununla birlikte
proje On sartlarindan biri olan proje
sOzlesmesinin imzalanmasiyla SGK’l1 veya
vergi miikellefi olmasi sonucu bu haklardan
feragat etme gerekliligi ek gelir saglama
noktasinda bir engel olusturmaktadir. Bu
durumun projeye basvurma  diisiincesi
tizerinde olumsuz etkiye neden olabilecegi
distintilmektedir. Projenin hibe tutariin daha
cok mevcutta kirsal alanda kurulu bir yapiya
sahip gencler i¢in daha uygun oldugu, tarimsal
tiretimde yeni girisimciler i¢in yeterli miktarda
olmadig1r agiktir. Hayvancilik projesinde
barmagm da gerekliligi, bitkisel iiretimde
ekim-dikim  aletlerinin  gerekliligi  hibe
tutarinin tek basina yeterli olmayacagi ve hibe
disinda yiiksek 6z sermaye veya kredi yoluyla
yatirrm  sermayesinin  gerekliligi  yeni
girisimcilik i¢in yeterli olmayacaktir.

Uzman eller projesinin dort pilot bolgeden
sonra ilk kez 81 ilde uygulaniyor olmasi, proje
bilinirliliginin  diisik ve ¢ok fazla on
kosulunun olmasi, projenin heniiz etkin sekilde
uygulanmadigini gostermektedir. Bu nedenle
proje hakkinda daha fazla tanitim yapilmasi ve
uygulanan projelerin sonuglarinin  siirekli
olarak izlenerek giincellenmesi projenin
etkinligini artiracaktir. Ayrica genclere yonelik
hibe programlarinin basartya ulagmasinda
kirsaldaki yasam standartlarinin
tyilestirilmesine yonelik politikalarin
gelistirilmesi gerekmektedir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yayma hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarin1 beyan ederler.

Cikar Catismas1 Beyam

Tlim yazarlar, bu ¢alisma i¢in herhangi bir
cikar catigsmasi olmadigini beyan etmektedir.

Etik Kurul Onay1

Calismada kullanilan anket formu igin
Yozgat Bozok Universitesi Etik
Komisyonu’ndan 21.12.2022 tarihli 40/10
karari ile izin alinmastir.

Kaynaklar

Adesina, T.K., Favour, E., 2016. Determinants
of participation in youth-in-agriculture
programme in Ondo State, Nigeria. Journal
of Agricultural extension, 20(2): 104-117.

Akdogan, I., Giilgubuk, B., 2022. Kirsal
kalkinma yatirimlarinin  desteklenmesi
programmin Konya ili 06zelinde yerel
kalkinmaya etkileri. Tarim Ekonomisi
Arastirmalart Dergisi, 8(1): 57-66.

Altintas, G., Altintas, A., Bektas, H., Cakmak,
E., Orug, E., Kizilaslan, H., Birol, D., 2019.
Effects of young farmer project support on
the tendency of young farmers to stay in
agriculture: case of tr83  region,
Turkey. Turkish Journal of Agriculture-
Food Science and Technology, 7(10): 1682-
1693.

83



Tengiz ve ark.

Anonim, 2022a. Kirsal kalkinmada uzman
eller projesine iligkin aciklama.
https://www.tarimorman.gov.tr/TRGM/Ha
ber/361/Kirsal-Kalkinmada-Uzman-Eller-
Projesine -Iliskin-Aciklama (Erisim tarihi:
12.10.2022).

Anonim, 2022b. 4 kisilik ailenin yoksulluk
sinirt 26 bin 485 lira.
https://www.ntv.com.tr/ntvpara/turk-is4-
kisilik-ailenin-yoksulluk-siniri-26-bin-485-
lira,h_zEa6k43U-1VSIVOEXurA (Erisim
tarihi: 12.01.2023).

Anonim, 2023. 4 Ocak 2022 tarihli ve 32073
say1lt Resmi Gazete.

Basaranoglu, C., Yilmaz, H., 2020. Geng
ciftcilerin ¢iftcilik yapma egilimlerinin ve
ciftcilik 6zelliklerinin belirlenmesi: Isparta
ili 6rnegi. Tarim Ekonomisi Dergisi, 26(1):
19-28.

Besen, T., Sayin, B., Kuzgun, M., Karamdirsel,
D., Celikyurt, M.A., Emre, M., Oztiirk, F.,
Yilmaz, S.G., Birol, D., 2021. TR6l1
bolgesinde geng ciftci projesi desteginden
yararlanmay1 etkileyen faktorlerin
degerlendirilmesi. Uluslararast Tarim ve
Yaban Hayati Bilimleri Dergisi, 7(1): 63-
74.

Bezu, S., Holden, S., 2014. Are rural youth in
Ethiopia abandoning agriculture?. World
Development, 64: 259-272.

Birol, D., Yilmaz, H.I., Akdemir, H.A.,
Cobanoglu, F., 2020. Tiirkiye’de geng ciftci
desteklemelerine kriter olabilecek
parametrelerin belirlenmesi: tercih deneyi

yontemi. Tarim Ekonomisi Dergisi, 26(2):
131-146.

Cheteni, P., 2016. Youth participation in
agriculture in the Nkonkobe district

municipality, South Africa. Journal of
human ecology, 55(3): 207-213.

Cicek, A., Erkan, O., 1996. Tarim
Ekonomisinde Arastirma ve Ornekleme
Yéntemleri. Gaziosmanpasa Universitesi
Ziraat Fakiiltesi Yayinlar1 No:12. Ders
Notlar1 Serisi No:6, Tokat.

Cobanoglu, F., Cankurt, M., Tunalioglu, R.,
Yilmaz, H.I., Nalbantoglu, A., 2017. Kirsal
kalkinma yatirimlarinin  desteklenmesi
programinin etkisinin degerlendirilmesi:
Bursa ili 6rnegi. Tekirdag Ziraat Fakiiltesi
Dergisi, 14(1): 16-27.

Daudu, S., Okwoche, V.A., Adegboye, O.G.,
2009. Role of youths in agricultural
development in Makurdi Local Government

Area of Benue State. Journal of
Agricultural Extension, 13(2): 107-112.

Dogan, Z., Arslan, S., Berkman, A., 2015.
Tiirkiye’de tarim  sektoriiniin  iktisadi
gelisimi  ve  sorunlari:  tarihsel  bir
bakis. Nigde Universitesi Iktisadi ve Idari
Bilimler Fakiiltesi Dergisi, 8(1): 29-41.

Engindeniz, S., Ormeci Kart, M.C., Kandemir,
C., Taskin, T., 2022. Izmir ilinde {iniversite
ogrencilerinin kirsal kalkinmada uzman
eller projesine bakis acilarinin
degerlendirilmesi. Journal of World of
Turks, 14(3): 199-212.

Giiresci, E., 2022. Agricultural factors as the
root cause of rural migration from a global
perspective: rural economic and rural
migration. Cuadernos de Desarrollo Rural,
19.

Ma, L., Long, H., Zhang, Y., Tu, S., Ge, D.,
Tu, X., 2019. Agricultural labor changes
and agricultural economic development in
China and their implications for rural

vitalization. Journal of Geographical
Sciences, 29(2): 163-179.

Maiga, E., Christiaensen, L., Palacios-Lopez,
A., 2015. Are the youth exiting agriculture
en masse. In Center for the Study of African
Economies Conference, Oxford, UK.

Njeru, L.K., 2017. Youth in agriculture;
perceptions and challenges for enhanced
participation in Kajiado North Sub-County,
Kenya. Greener Journal of Agricultural
Sciences, 7(8): 203-2009.

Ozkan, B., Alkan, A., 2020. Antalya ilinde
Geng Ciftei Projesinin  uygulamasi ve
strdiiriilebilirligi tlizerine bir arastirma.

Mediterranean  Agricultural  Sciences,
33(1): 67-72.

84


https://www.ntv.com.tr/ntvpara/turk-is4-kisilik-ailenin-yoksulluk-siniri-26-bin-485-lira,h_zEa6k43U-1VsIVOEXurA
https://www.ntv.com.tr/ntvpara/turk-is4-kisilik-ailenin-yoksulluk-siniri-26-bin-485-lira,h_zEa6k43U-1VsIVOEXurA
https://www.ntv.com.tr/ntvpara/turk-is4-kisilik-ailenin-yoksulluk-siniri-26-bin-485-lira,h_zEa6k43U-1VsIVOEXurA

Tengiz ve ark.

Satar, M., Arikan, M.S., Peker, A., 2022.
Kirsalda girisimcilik 6rne8i: uzman eller
projesi ile  desteklenen  hayvancilik
isletmelerinin ~ sosyo-ekonomik  analizi.

Mehmet Akif Ersoy Universitesi Veteriner
Fakiiltesi Dergisi, 7(2): 92-101.

Sav, O., Sayin, C., 2018. Tarimda kalma
egilimini etkileyen baslica faktorlerin genel
bir degerlendirmesi. Kahramanmaras Stit¢ii

Imam Universitesi Tarim ve Doga Dergisi,
21(6zel say1): 190-197.

Seving, G., Binici, T., 2016. Kirsal Alanda
Sosyal Destek Projesi (Kasdep) kapsaminda
kurulan damizlik si@ir  yetistiriciligi
kooperatiflerinin genel durumu, sorunlari
ve ¢O0zim Onerileri (Sanlurfa ornegi).

Harran Tarim ve Gida Bilimleri Dergisi,
20(3): 214-222.

Unakitan, G., Basaran, B., 2018. Geng ¢iftci
projesinin basarisi i¢in bir Oneri: geng ¢iftci
kooperatifleri. Balkan ve Yakin Dogu
Sosyal Bilimler Dergisi, 04(02): 149-157.

White, B., 2012. Agriculture and the
generation  problem: rural  youth,
employment and the future of farming. ids
Bulletin, 43(6): 9-19.

Xu, D., Deng, X., Huang, K., Liu, Y., Yong,
Z., Liu, S., 2019. Relationships between
labor migration and cropland abandonment

in rural China from the perspective of
village types. Land Use Policy, 88: 104164.

Tengiz, Z.M., Ayyildiz, M., Cicek, A., 2023. Ziraat Fakiiltesi Ogrencilerinin Kirsal

Atif Sekli Kalkinmada Uzman Eller Projesine Bakis A¢ilarinin Degerlendirilmesi; Yozgat Bozok
Universitesi Ornegi. ISPEC Tarim Bilimleri Dergisi, 7(1): 72-85.
DOI: https://doi.org/10.5281/zenodo.7723359.
Tengiz, Z.M., Ayyildiz, M., Cicek, A., 2023. Evaluation of Agricultural Faculty
To Cite Students’ Perspectives on Expert Hands in Rural Development Project; The Case of

Yozgat Bozok University. ISPEC Journal of Agricultural Sciences, 7(1): 72-85.
DOI: https://doi.org/10.5281/zenodo.7723359.

85



ISPEC Tarim Bilimleri Dergisi, 7(1): 86-94, 2023
ISPEC Journal of Agricultural Sciences, 7(1): 86-94, 2023
DOIL: https://doi.org/10.5281/zenodo.7721576

B2

Study on Some Quality and Morpho-Physiological Traits of Durum Wheat (Triticum

durum L. Desf.) Genotypes

Alpay BALKAN'" | Oguz BILGIN' | Ismet BASER'"", Damla BALABAN GOCMEN"""| Kamil OZCAN?
Tekirdag Namik Kemal University, Agricultural Faculty, Department of Field Crops, Tiirkiye
’Tekirdag Namik Kemal University, Thrace Seed Valley Appl. and Research Center, Tiirkiye

“Sorumlu Yazar (Corresponding author): dgocmen @nku.edu.tr

Abstract

The study was carried out in the experimental field of the Department of
Field Crops, Faculty of Agriculture, Tekirdag Namik Kemal University
in 2020-2021. In the study, totally 25 durum wheat genotypes (6 cultivars,
12 advanced lines, and 7 landraces) were used as experimental material.
The experiment was conducted in a randomized complete block design
with 3 replications. In the study, the grain quality and morpho-
physiological traits such as canopy temperature, chlorophyll content, leaf
area index, and plant height were investigated in some durum wheat
genotypes. The canopy temperature ranged from 23.33-20.43 ©°C,
chlorophyll content 52.53-43.17 SPAD, leaf area index 3.63-1.77,
thousand-grain weight 34.67-41.83 g, protein content 14.23-16.33%, test
weight 78.93-87.03 kg hl'!, semolina colour 14.88-15.63 and plant height
99.00-75.33 cm in investigated durum wheat genotypes. Hacimestan and
Sorgiil genotypes for canopy temperature, Atki 2, NZFM 1 and NZFM 7
genotypes for chlorophyll content, Atki 2, NZFM 4 and NZFM 1
genotypes for leaf area index, Kibris 2 and lonia 3 genotypes for plant
height, NZFM 1, NZFM 7 and Devedisi 2 genotypes for thousand-grain
weight, Atki 2 and Hacimestan 2 genotypes for protein content, Japiga
and Bogacak 2 genotypes for test weight and Japiga, Bogacak, Kiziltan
91 and NZFM 7 genotypes for semolina colour were determined as
promising genotypes.
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1.Introduction

Durum wheat (Triticum turgidum L.
ssp. durum, genome AABB, 2n = 4x = 28)
is the 10" most important and commonly
cultivated cereal worldwide, representing
5% of total wheat production with a
planting area of about 16 million hectares
(Anonymous, 2020). It is also used in the
production of different food products such
as pasta, couscous, bulgur, etc., in different
regions of the world. Durum wheat is one of
the important agricultural products in
Turkey. It is cultivated 1.2 million ha with
an average production of 3.2 million tons in
2021 (Anonymous, 2021). Durum wheat is
grown in regions where there is sufficient
rainfall and the temperature is not too low,
since it is extremely affected by abiotic
stresses, especially low temperatures.
Although it is possible to slightly increase
the planted areas in order to meet the
required demand in durum wheat
production, it is possible to increase the
irrigated area planted in the field, but
providing an increase in yield under rain fed
conditions emerges as the most important
alternative (Laaboudi and Mouhouche,
2012; Haddad et al., 2016; Belagrouz et al.,
2018). Yield increase in durum wheat
production compared to bread wheat has not
been reached to the desired levels yet. This
is due to the low number of varieties in
durum wheat breeding and the inadequacy
of variation sources used in breeding. For
this reason, it is important to use new
genetic resources that have the desired
characteristics in the breeding of durum
wheat and are well compatible with each
other in crossing (Alp, 2005). One of the
easiest and most effective ways to enrich
genetic diversity as a source of variation in
variety breeding is to use landraces (Coskun
et al., 2019; Demirel et al., 2019).

Landraces are considered to be important
genetic sources in increasing genetic
diversity for the varieties to be developed by
showing better adaptation in regions where
abiotic and biotic stress factors are located
(Soriano and Royo, 2015; Maccaferri et al.,
2019). In variety breeding studies, revealing
the potential in landraces, varieties and lines
is important in terms of the effectiveness of
the studies that have been done and will be
done. In wheat breeding, one of the most
important breeding purposes along with
yield and quality is resistance to abiotic
stresses. Thus, it is very important to know
the physiological traits that plants have and
use against abiotic stress factors. The aim of
the study is to investigate the status of the
durum wheat landraces, varieties, and
promising advanced lines for quality and
tolerance/resistance to abiotic stresses, and
also to reveal the status of the advanced
lines according to the varieties and
landraces in terms of morpho-physiological
traits.

2.Materials and Methods

This study was carried out with 25
durum wheat genotypes (6 cultivars, 12
advanced lines, and 7 landraces) based on
randomized complete block design with 3
replications at the experimental area of the
Field Crops Department, Agricultural
Faculty,  Tekirdag = Namik  Kemal
University, Turkey, in 2020-2021 wheat
growing season. Geographically, Tekirdag
district locates at latitude 40° 36’- 40° 31°
and longitude 26° 43°- 28° 08’. According
to soil analysis results, the experimental
area’s soil was clay-loam, slightly acidic
(pH 6.5), limeless, and poor (1.08%) in
organic matter. The temperature and the
rainfall from sowing to
harvest are presented in Table 1.

Table 1. Rainfall (mm) and mean temperature (°C) of Tekirdag from sowing to harvest (2020 to 2021)

Months Nov. | Dec. Jan. Feb. March April May June July Total/Mean
Rainfall (mm) 1.2 37.7 127.8 53.5 45.3 43.6 57.6 54.7 34 424.8
Temperature (°C) 11.6 10.1 7.8 7.3 7.0 10.7 17.5 20.8 | 25.8 13.2
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Seeds of each genotype were sown in 6
rows 5 m long with 0.17 m of inter-row
spacing. The seeding rate used in sown was
500 seeds per m2 The cultivation techniques
recommended for the region were followed to
raise a good crop. Twenty kg da' 20.20.0
fertilizer was applied just before sowing, and
then 15 kg da™! urea (46% N) and 15 kg da’!
ammonium nitrate (26% N) were broadcasted
at the tillering and the pre-heading stages.
Weeds were controlled chemically. In the
study, plant height (cm), canopy temperature
(°C), leaf area index, chlorophyll content
(SPAD), thousand-grain weight (g), test
weight kg hl'"), protein content (%) and
semolina colour were investigated. Canopy
temperature was measured with a portable
infrared thermometer (Extech Mini IR
Thermometer Modell 42500) as °C (Reynolds
et al., 2001). It was taken as two measurements
per plot during the day between (11:00h to
14:00h). Chlorophyll content was measured

with “Konica Minolta SPAD-502 Plus”
portable chlorophyll meter in the fully-
developed flag leaves and determined as
“SPAD value”. It was taken three averages of
five leaves per plot, and were done from
11:00h to 14:00h. Leaf area index was
measured with a portable leaf area meter at the
heading stage (Pask et al., 2012). The data
obtained from the advanced lines, varieties and
landraces used as material in the study were
analyzed separately by using the JUMP
statistical package program. Mean values were
compared using Duncan’s Multiple Range Test
(p=<0.01).

3.Results and Discussion

Data concerning canopy temperature, plant
height, leaf area index, chlorophyll content,
thousand grain weight, protein content, test
weight and semolina colour are given in Table
2 and 3.

Table 2. Mean values and significance groups of canopy temperature, plant height, leaf area index, and

chlorophyll content in durum wheat genotypes

Canopy temperature Plant height Leaf area index Chlorophyll content
Genotypes Q) (cm) (LAD) (SPAD)
Landraces
Kurtalan 24 21.333 be 99.000 a 3200 ab 47733 ab
Devedisi 21.867 ab 79.000 cd 2.767 be 45333 bed
Karakilcik 23.333 a 90.333 ab 3.633 a 43.867 cd
Atk 21.400 be 86.000 be 2433 cde 50.433 a
Hacimestan 20.800 od 83.000 bed 1.967 e 44.200 bed
Soreiil 20.433 d 78.333 d 2.067 de 46.967 abe
Bogacak 21.067 od 90.000 ab 2.500 cd 42,700 d
Mean 21.46 86.52 2.65 45.89
Varieties
Tunca-79 20.733 b 79.667 c 2.600 b 43.167 c
Zenit 21.700 ab 85.000 ab 2.900 ab 49.400 ab
Svevo 22.367 a 90.333 a 2.533 b 50.300 a
C-1252 22.433 a 91.333 a 3.633 a 50.100 ab
Japica 21.667 ab 84.333 be 2.867 ab 46.567 be
Kiziltan-91 21.200 ab 80.667 be 2333 b 47.567 ab
Mean 21.68 85.22 2.81 47.85
Advanced lines
NZFM-13 21.833 b-e 84.000 d 2.900 bed 46.700 cde
Hacimestan-2 21.200 f 88.000 bed 2.500 def 43.667 e
Bogacak-2 21.667 c-f 96.000 a 2.633 cde 45.467 de
Atk1-2 21.467 def 92333 ab 3.333 ab 52,533 a
NZFM-4 22.000 bed 86.333 cd 3.533 a 47.833 bed
NZFEM-1 22.100 abc 94.333 a 3.033 abc 50.267 abc
NZFM-7 22.200 abc 93.000 ab 2.433 def 51.133 ab
Devedisi-2 22333 ab 88.000 bed 2333 ef 46.500 cde
Tonia-3 22.700 a 75333 e 2.167 fo 48233 a-d
NZFM-8 21.533 def 90.333 abc 2.200 efe 47.433 b-e
Cyprus-2 22.000 bed 75.667 e 2.433 def 47.200 b-e
Adana-2 21.333 ef 85.000 d 1.767 g 47.967 a-d
Mean 21.86 87.36 2.61 47.91
3.1. Canopy temperature (p<0.01) (Table 2). Canopy temperatures
The effect of genotype on canopy varied between 20.43-23.33 °C in the
. C landraces, 20.73-22.43 °C in varieties, and
temperature was  statistically  significant
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21.20-22.70 °C in advanced lines (Table 2).
This result is also in agreement with the
findings of Gautam et al. (2015), who found
that canopy temperatures of durum wheat
genotypes ranged from 20.20-24.90 °C. The
highest variation for canopy temperatures was
determined in the landraces. Similar to our
findings, Bahar et al. (2008) and Ray and
Ahmad (2015) revealed that the canopy
temperatures of durum wheat genotypes were
significantly different. Among the landraces,

the lowest canopy temperature was found in
the Sorgiil with 20.43 °C and a lower canopy
temperature could not be obtained from the
advanced lines and varieties. Tunca 79,
Kiziltan 91, Japiga and Zenit cultivars with
20.73, 21.20, 21.67 and 21.70 °C canopy
temperature values, Hacimestan 2, Adana 2,
and NZFM 8 advanced lines with 21.20, 21.33,
21.53 °C canopy temperature values were
identified as genotypes to be considered.

Table 3. Mean values and of significance groups of thousand-grain weight, protein content, test weight

and semolina colour in durum wheat genotypes

Thousand-grain Protein content Test Semolina
Genotypes weight (g) (%) weight (kg hl'!) colour
Landraces
Kurtalan 24 39.800 a 14.433 c 86.333 a 14.890 d
Devedisi 36.867 abc 14.833 be 84.233 ab 15.007 cd
Karakilgik 33.600 c 15.833 a 82.467 bc 15.413 ab
Atki 35.867 bc 15.267 ab 81.400 c 15.247 bc
Hacimestan 39.267 ab 15.433 ab 83.067 bc 15.310 ab
Sorgiil 39.633 a 14.567 c 84.667 ab 15.487 ab
Bogacak 37.967 ab 14.533 c 86.100 a 15.567 a
Mean 37.57 14.99 84.04 15.27
Varieties
Tunca-79 32.967 ¢ 15.500 ab 82.133 bc 15.380 a
Zenit 36.300 be 15.567 ab 84.267 ab 15.423 a
Svevo 41.933 a 15.733 a 84.467 ab 14.890 b
C-1252 35.867 be 15.200 bc 83.100 be 15.433 a
Japiga 37.867 ab 14.967 c 87.033 a 15.603 a
Kiziltan-91 34.667 bc 14.900 c 80.367 c 15.627 a
Mean 36.60 15.31 83.56 15.39
Advanced lines
NZFM-13 37.833 c 15.567 bed 84.767 ab 14.880
Hacimestan-2 37.100 c 16.067 ab 83.033 b 15.093
Bogacak-2 38.367 bc 15.167 de 86.900 a 15.133
Atki-2 35.433 c 16.333 a 78.933 c 15.240
NZFM-4 38.267 bc 15.467 bed 82.733 b 15.350
NZFM-1 43.000 a 15.467 cd 83.967 ab 15.050
NZFM-7 43.833 a 14.933 ef 84.733 ab 15.547
Devedigi-2 41.800 ab 14.233 g 85.600 ab 15.047
Tonia-3 37.933 c 14.467 fg 85.333 ab 14.663
NZFM-8 37.867 c 15.733 abc 84.567 ab 14.923
Cyprus-2 36.500 c 14.800 ef 85.600 ab 15.103
Adana-2 36.900 c 15.467 cd 85.633 ab 15.343
Mean 38.74 15.31 84.32 15.11

Canopy temperature has been used as a
selection criteria for tolerance to drought and
high-temperature stress in wheat breeding
(Bahar et al., 2008). When the average of the
landraces, varieties, and advanced lines are
examined, it is seen that the landraces show the
lowest canopy temperature, this value
increases slightly in the cultivars, and this

value is the highest in the lines on average. It
is understood that the effect of global climate
change 1is felt more and the canopy
temperature, which is one of the most
important selection criteria for drought
resistance in plants grown in arid areas, is not
at the desired level in varieties and lines.
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3.2. Plant height

According to variance analysis results, plant
height was significantly affected by genotype
(Table 2). Mean values of plant height in
durum wheat genotypes varied between 78.33-
99.00 cm in landraces, 79.67-91.33 cm in
varieties, and 75.67-96.00 cm in advanced
lines. In a study with landraces and modern
varieties of durum wheat, it was determined
that the plant height ranged from 94.00 to
126.00 cm (Royo et al, 2020). When
landraces, varieties, and advanced lines were
compared in terms of plant height, the mean
plant height of varieties was shorter than the
landraces. This result was similar to the finding
of Royo et al. (2020). Also, Baykara et al.
(2022) stated that the plant height of durum
wheat varieties (103.9 cm) was significantly
taller than modern varieties (94.7 cm).
Considering the variation between 80-100 cm
in terms of plant height in wheat, plant height
values of varieties and advanced lines are
within the desired limits.

3.3. Leaf area index

The number of leaves in the plant is an
important factor in determining the amount of
light absorbed by the canopy, which controls
the photosynthetic rate. So, the leaf area index
may be good tool to screen wheat genotypes
under terminal heat stress conditions (Dhyani
et al.,, 2017). In our study, the effect of
genotype on leaf area index was statistically
significant (Table 2). While durum wheat
varieties gave higher values with an average
leaf area index of 2.81, landraces and advanced
lines gave lower and similar values with leaf
area index values of 2.65 and 2.61. In the
landraces, the highest area index was 3.63 in
the Karakilgik, while the landraces of
Hacimestan showed a low value of 1.97. In
durum wheat varieties, C-1252 variety gave
the highest leaf area index (3.63). Similar
findings were reported that Bavec et al. (2008),
who indicated that leaf area index varied
between 2.5-6.5 in wheat. When the advanced
lines are examined, there is no advanced line
that exceeds the leaf area index of the landrace
of Karakil¢ik and variety of C 1252. Among
the advanced lines, Atki-2, NZFM-4, NZFM-1

are genotypes with leaf area index values
above 3.0. Adana-2 advanced line gave a very
low value with 1.77 leaf area index. Dhyani et
al. (2017) reported that the leaf area index in
wheat changed from 2.96 to 5.82.

3.4. Chlorophyll content

Chlorophyll and carotenoid are two
pigments related to the physiological functions
of leaves that absorb light energy during
photosynthesis. Chlorophyll provides
photosynthesis in the plant and its amount is
one of the main factors used in the evaluation
of environmental and growing conditions for
wheat. In our study, while the chlorophyll
content was the lowest with 45.89 (SPAD) in
landraces, it was determined as 47.85 and
47.91 (SPAD) values by increasing in varieties
and lines. Among the genotypes examined, the
highest chlorophyll content was found in Atk1
2 and NZFM 7 durum wheat lines with 52.53
and 51.13 (SPAD) values. Atki landraces,
Svevo variety, NZFM 1 advanced line and C
1252 durum wheat cultivar followed these
lines with values of 50.43, 50.3, 50.27 and 50.1
(SPAD). The lowest chlorophyll content value
was obtained in Bogacak landraces with 42.70.
While the chlorophyll content in landraces was
45.89 on average, the chlorophyll content in
cultivars and lines showed a remarkable
increase, reaching 47.85 and 47.91 values.
Similar to our results, Talebi (2011) stated that
genotypes differ chlorophyll content values in
durum wheat. Our results also show that the
chlorophyll content in genotypes has increased
significantly as a result of breeding studies.

3.5. Thousand-grain weight

The weight of one thousand grains of wheat
is important in terms of giving an idea about
the grain's size, fullness, thinness and flour
yield. Results of our study show that according
to the landraces and varieties of durum wheat,
significant increases were achieved in terms of
thousand-grain weight in the advanced lines.
While the mean of thousand-grain weight was
35.57 g in landraces, it was determined as
36.60 g in the varieties and 38.74 g in advanced
lines. Our findings are in agreement with the
findings of Akan et al. (2021), who determined
that the thousand-grain weight in durum wheat
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genotypes varied between 26.52-37.96 g. It is
seen that these obtained values show a
significant increase in varieties and especially
in lines according to the landraces. While there
was no genotype with a grain weight over
40.00 g in landraces, Svevo with 41.93 g
thousand grain weight in cultivars, NZFM 7
line 43.83 g, NZFM 1 line 43.00 g and
Devedisi 2 line 41.80 g were the genotypes
with high thousand-grain weight.

3.6. Protein Content

It is known that protein content and
composition are the most important factors
determining the quality of wheat. Protein
content varies depending on genetic and
environmental factors, but protein composition
is not affected by environmental factors
(Autran and Bourdet, 1979). In the study, the
mean of protein content was 14.99% in the
landraces, while it was found to be 15.31% in
varieties and lines. These obtained data show
that an increase in protein content in varieties
and lines is provided to landraces. Akan et al.
(2021) determined that the protein content in
durum wheat varieties varies between 15.85-
19.40%. Among the landraces, the highest
protein content was in the Karakilgik genotype
with 15.83%. None of the varieties had higher
protein content than Karakilgik genotype.
However, Hacimestan-2 (16.07%) and Atki-2
(16.33%) advanced lines had higher protein
content than Karakil¢ik genotype. The
obtained data reveal that the protein content
increased in durum wheat advanced lines.

3.7. Test Weight

Test weight is expressed in kg of 100 litres
of wheat. Test weight varies depending on the
species, variety, sowing time, growing period
and ecological conditions. In wheat, the shape
and size of the grain, whether the shell is thin
or thick, whether the abdomen is deep or flat,
whether the shell is polished or not, affects the
test weight. The test weight values of durum
wheat genotypes are close to each other on
average in landraces, cultivars and lines in this
study. Among the landraces, Kurtalan 24 and
Bogacak ranked first with a higher test weight
of 86.33 and 86.10 kg hl'!, and the Japiga
variety with a test weight of 87.03

outperformed them. Among the forward lines,
the Bogacak 2 genotype is the one that draws
attention with a test weight of 86.9 kg/hl.
While Atki-2 gave a lower value of 78.93 kg
hl'! from the advanced lines, a significant part
of the lines showed a test weight of 84-85 kg
hi'l.

3.8. Semolina Colour

Bright yellow colour in pasta or semolina is
one of the most important quality parameters.
Therefore, breeding of durum wheat varieties
with high pigment content is an important
breeding goal. It has been reported by different
researchers that the content of yellow colour in
durum wheat varies according to varieties
(Sahin et al., 2006; Coskun et al., 2010). In our
study, the highest values for semolina colour
were in varieties and the lowest values were
obtained in advanced lines. There was no
statistical difference between the advanced
lines for semolina colour. All local varieties
except Kurtalan 24 and all varieties had
semolina colour over 15.00 in the study. While
among the advanced lines, 9 lines gave
semolina colour over 15.00, the highest
semolina value colour was in NZFM 7, NZFM
4 and Adana 2 genotypes. The data obtained
reveal that a significant part of the varieties and
lines show similar characteristics with the
landraces in terms of semolina colour.

4. Conclusion

In the study carried out with durum wheat
landraces, varieties and lines, canopy
temperature, plant height, leaf area index,
chlorophyll content, thousand-grain weight,
protein content, test weight, and semolina
colour characteristics were investigated. While
landraces have a lower value for canopy
temperature, it is seen that the canopy
temperature has increased slightly in varieties
and lines. The advanced lines and cultivars
have slightly longer plant heights than
landraces. Leaf area index values were the
highest in cultivars and showed similar values
in landraces and lines. In terms of chlorophyll
content, significant increases were achieved in
varieties and lines compared to landraces.
Advanced lines gave higher thousand grain
weight than landraces and varieties. The

91



Balkan et al.

protein content of varieties and advanced lines
showed a significant increase compared to
landraces. Test weight was lower in cultivars,
and similar in landraces and advanced lines.
The semolina colour was slightly higher in
varieties compared to the landraces and
advanced lines.

The results showed a significant increase in
chlorophyll content, leaf area index, protein
content and thousand-grain weight in varieties
and advanced lines. In the canopy temperature,
which is desired to be low, there was an
increase in varieties and advanced lines. Test
weight and semolina colour did not change
significantly in breeding material and
landraces.

In conclusion, Atki-2, NZFM 1 and NZFM
7 advanced lines for examined traits were
determined as promising genotypes.
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Toprak Diizenleyici Olarak Kullanilan Bazi1 Organik Madde Kaynaklarinin Nem
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Ozet

Bu calismada organik kokenli atiklardan bildircin giibresi, gidya,
leonardit ve giivercin giibresi materyal olarak kullanilmistir. Bu
arastirmada, toprak diizenleyici ya da organik giibre olarak kullanilan
bazi organik madde kaynaklarinda zamana bagli olarak meydana gelen
nem degigsimleri incelenmistir. Arastirma 52 adet saturasyon kabi
kullanilarak  laboratuvar  kosullarinda, sabit sicaklik altinda
yuriitilmiistiir. Elde edilen sonuglara gore, en yiiksek azot (% 7.13),
fosfor (5318 pg g!) ve potasyum (21480 ug g™') konsantrasyonu ile en
yliksek organik madde (% 73.9) kapsami bildircin giibresinde
belirlenmis, bu degiskenler igin en diisiik degerler leonardit (N: % 0.54;
P:1781 pug g!; K: 4170 pug g''; OM: % 55) igin 6lgiilmiistiir. Zamana bagl
nem kaybi en az bildircin giibresinde gerceklesirken bunu sirasi ile
giivercin giibresi, gidya ve leonardit izlemistir. Bu sonuglar organik
diizenleyicilerin organik madde icerdikleri ile iliskilendirilmistir. Elde
edilen verilere gore kurak-yar1 kurak bolgelerde 6zellikle bahge tariminin
yogun oldugu alanlarda bildircin gilibresi ve giivercin giibresinin
uygulanmasi 6nerilebilir. Hem bitki besin element icerigi olarak hem de
toprak yarayish suyu lizerine olumlu etkisi daha belirgin olacagindan
dolay1 bahge tariminda verimi olumlu yonde etkileyecektir.

Time-Dependent Changes in Moisture Content of Some Organic Matter Sources Used as

Soil Conditioners

Abstract

In this research, organic wastes, quail manure, gyttja, leonardite and
pigeon manure were used as materials. In this study is to examine the
time-dependent moisture changes in some organic matter sources used as
soil conditioners or organic fertilizers. The research was carried out under
constant temperature in laboratory conditions using 52 saturation cups.
According to the results obtained, the highest nitrogen (% 7.13),
phosphorus (5318 pg g!) and potassium (21480 ug g™') concentration and
organic matter (% 73.9) content were determined in quail manure. The
lowest values for these variables (N: % 0.54; P: 1781 pg g™'; K: 4170 pug
g'; OM: % 55) were determined for leonardite. Time-dependent moisture
loss was the least in quail manure, followed by pigeon manure, gyttja and
leonardite, respectively. These results were explained by the fact that
organic regulators contain organic matter. It may be recommended to
apply quail manure and pigeon manure in arid and semi-arid regions,
especially where horticultural cultivation is more common. It has a
positive effect on the yield in horticultural agriculture as it has a positive
effect on both plant nutrient content and soil available water.
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1. Giris
Glinlimiiziin ~ geleneksel tarimi  birgok
zorlukla karst1 karsiyadir. En  Onemli

sorunlardan bir tanesi, artan gida talebinin
karsilanmasi i¢in tarim topraklarinin yogun ve
bilingsizce kullanimidir. Giiniimiizde kimyasal
giibrelerin yogun kullanimi1 tarimda yiiksek
verim saglamaktadir. Ote yandan, kimyasal
azot giibreleri, ayrisma siireclerini Onemli
Olgiide tesvik ederek toprak organik
maddesinin azalmasina neden olmaktadir
(Moeskops ve ark., 2012). Diger en dnemli
sorun ise, insan aktivitesi sonucu diinyada
olusan kiiresel iklim degisikligidir. Kiiresel
1sinmaya bagli olarak kutuplarda ve yiiksek
daglarda buzullarin erimesi sonucu bazi alanlar
sular altinda kalma tehlikesi yasarken bazi
bolgeler ise kuraklik hatta ¢ollesmeye dogru
gitmektedir (Oztiirk, 2002; Atalik, 2006;
Kahraman ve Gokalp, 2010). Kiiresel iklim
degisikligi Tirkiye’nin bazi bolgelerini yavas
yavas kuraklik tehdidi ile karst karsiya
birakmis durumdadir. Bu endise verici olaylar
tarim topraklarinin stirdiiriilebilirligini
tehlikeye sokmaktadir (Rao ve ark., 2017; Shi
ve ark., 2019). Bu sorunlarin {istesinden
gelebilmek i¢in toprak 6zellikleri korunmali ve
topraklar dogru yonetilmelidir.

Organik diizenleyiciler toprak sagligini ve
kalitesini diizenlemektedir (Voltr ve ark.,
2021; Kara ve ark., 2021a; Kara ve ark.,
2022b). Organik diizenleyiciler topraklarin
organik madde igerigini artirarak topragin
fiziksel ozelliklerine olumlu katkida bulunur
(Kara ve ark., 2021; Kara ve ark., 2022).
Toprak organik madde, toprak sikigmasini,
agregasyonu, su tutma kapasitesini, hidrolik
iletkenligi ve su erozyonuna karsi direnci
tyilestirir  (Zebarth  ve  ark.,  1999;
Franzluebbers, 2002; Celik ve ark., 2004).
Organik madde, toprak su dinamiklerini
olumlu yo6nde iyilestirme Ozelligine sahiptir
(Franzluebbers,  2002). Genel  olarak

bakildiginda, organik diizenleyiciler toprak
organik madde igerigini koruyarak ya da
artirarak toprak kayiplarini en aza indirmede,
iiretkenligi korumada, fiziksel, kimyasal ve
biyolojik ozellikleri 1iyilestirmede ve gida
giivenligini  saglamada Onemli bir rol
oynamaktadir (Reeves, 1997; Schmidt ve ark.,
2011; Stavi ve ark., 2016; Kara ve ark., 2021a;
Kara ve ark., 2022a).

Bu caligmada toprak diizenleyici olarak
kullanilabilecek ~ baz1  organik  madde
kaynaklariin nem igeriklerindeki degisimler
zamana bagli olarak incelenmis, kuraklik
tehdidine kars1 tarim alanlarinin yonetimine
yonelik ¢esitli oneriler gelistirilmistir.

2. Materyal ve Yontem

Calismada leonardit, gidya, bildircin ve
giivercin giibresi materyal olarak kullanildi.
Gidya ve bildircin giibreleri, Kahramanmaras
Siit¢ii Imam Universitesi Hayvansal Uretim
Uygulama ve Arastirma Merkezinden temin
edilmistir. Arastirmada 52 adet (13giin x 4
uygulama) saturasyon kab1 kullanilmstir.
Saturasyon kaplarina 100g organik diizenleyici
(bildircin 13 adet, gidya 13 adet, giivercin 13
adet ve leonardit 13 adet) tartilarak laboratuvar
kosullarinda suya doygun hale getirilmistir.
Ortam sicaklig1 kontrollii sartlar altinda 25.4-
ile 26.5°C arasinda degisim gdostermistir.
Calismada materyal olarak kullanilan organik
atiklarin  birinci, yedinci ve on dordiincii
giindeki goriiniimleri Sekil 1°de verilmistir.

Organik diizenleyicilerin organik madde ve
kiil igerigi kuru yakma yontemine gore
belirlenmistir (Kacar, 1994). Kjeldahl yontemi
esas alinarak toplam azot igerigi saptanmistir
(Bremner ve ark., 1982). Orneklerin toplam
element analizi Hossner (1996) yontemi
referans alinarak ICP cihazinda okunmustur.
Organik diizenleyicilerin  giinliik  rutubet
icerikleri ise gravimetrik yoOnteme gore
belirlenmistir (Black ve ark., 1965).
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Sekil 1. Organik diizenleyicilerin zamana bagl degisim goriintiileri

3.Bulgular ve Tartisma

Calismaya konu olan organik giibrelerin
bazi fiziksel ve kimyasal analiz sonuglar1 tablo
I’de verilmistir. Elde edilen sonuglara gore
toplam N, P ve K en diisiik leonardit (% 0.54;
1781 ug g'; 4170 ng g!) giibresinde en yiiksek
ise bildircin giibresinde (% 7.13; 5318 ug g'';
21480 pg g tespit edilmistir. Makro besin
elementlerinden toplam Ca miktar1 18260 pg
g! (giivercin giibresi) ile 110500 pg g
(gidya), Mg icerigi 2087 ug g™ (leonardit) ile

4093 ug g' (giivercin giibresi) arasinda
degisim gostermistir (Tablo 1). Gidyanin konu
oldugu bir caligmada, Ca igerigini yaklasik %
12 ve Mg igerigini 2348 ug g olarak rapor
etmislerdir (Yakupoglu ve ark., 2013). Gidya
giibresinin  diger organik diizenleyicilere
oranla daha yiliksek Ca icerigi yiliksek kireg
icerigi ile iliskilendirilmistir. Erdal ve ark.
(2018), yirittiikkleri c¢alismada  giivercin
giibresinin P icerigini % 0.62, K %7 ve Ca %
2.1 olarak belirlemislerdir.

Tablo 1. Organik diizenleyicilerin bazi kimyasal ve fiziksel dzellikleri

Degiskenler Leonardit Gidya Giivercin giibresi Bildircin giibresi
N (%) 0.54 1.86 2.73 7.13
P(ng g 1781 2647 3922 5318
K (ug gh) 4170 14610 8829 21480
Ca(ug gh) 92100 110500 18260 61750
Mg (ng g 2087 3401 4093 3821
Fe (ug g 2780 1393 1497 762.2
Cu (ng g 0.9 4.03 1.15 2.25
Zn (ug g 28.26 103.1 58.34 208.3
Mn (ug g'H) 25.88 132 89.6 108.2
OM (%) 55 57.5 70.9 73.9
Kiil (%) 45 42.5 29.1 26.1
C (%) 31.9 33.35 41.12 42.86
Orjinal Nem (%) 12 7.3 7.67 7.12

N: Azot, P: Fosfor, K: Potasyum, Ca: Kalsiyum, Mg: Magnezyum, Fe: Demir, Cu: Bakir, Zn: Cinko, Mn: Mangan, OM: Organik Madde
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Mikro besin elementlerinden toplam Cu ve
Mn igerigi sirasi ile en yiiksek gidya (4.03 pg
gl; 132 pg g, bildircin giibresi (2.25 pg g°
1:108.2 ug g, giivercin giibresi (1.15 pg g™';
89.6 ug g!) ve leonardit (0.9 ug g'; 25.88 ug
g seklinde siralanmistir. Toplam Fe icerigi
en yiiksek leonardit (2780 ug g!), toplam Zn
ise bildircin giibresinde (208.3 pg g!) tespit
edilmistir (Tablo1). Leonardit giibresi ile ilgili
yapilan bir calismada, organik madde
iceriginin % 18.53-89.54 arasinda degistigini
ve ortalama degerini % 58.82 olarak rapor
etmislerdir (Pekcan ve ark.,, 2017). Aym
arastirmacilar leonardit giibresinin toplam Fe
icerigini % 0.12-2.81 arasinda degisim
gosterdigini ve diger mikro besin elementlere
(Mn, Zn, Cu) oranla daha yliksek sonuclar
verdigini bildirmislerdir. Organik giibrelerin
en yliksek organik madde igerigi bildircin
giibresinde (% 73,9) goriiliir iken en diisiik
leonardit giibresinde (% 55) tespit edilmistir
(Tablo 1). Genel olarak besince (N, P, K) daha
zengin olan organik diizenleyici bildircin
giibresi ve onu glivercin giibresi ve gidya takip
etmistir. Bitki besin elementi (N, P, K) olarak
en fakir leonardit gilibresi goriilmiistiir.
Bildircin atiginin yiiksek organik madde ve
besin icerigine ek olarak toprak dokusuna
olumlu etkileri bir¢ok arastirmaci tarafindan
belirtilmistir (Lopez-Mosquera ve ark., 2007;
Bernhart ve Fasina, 2009; Suppadit ve ark.,
2008a). Genel olarak organik diizenleyicilerin
baz1 kimyasal analiz sonuglar1 (Tablo 1)
onceki arastirmacilar ile benzer degerler
vermistir. Ama yine de bazi farkliliklarin
oldugu goriilmiistiir. Bu farkliliklar, leonardit
ve gidya gibi organik diizenleyicilerin degisik
ortam (basing, oksidasyon, sicaklik gibi)
sartlar1 altinda olusmasina atfedilmistir.
organik diizenleyicilerden bildircin giibresi ve
giivercin giibresinin ise kanatli hayvanlarin

beslenme  durumuna  gore
gosterebilecegi diisliniilmektedir.

degiskenlik

3.1.Leonardit giibresi

Leonardit giibresi, sature edilmeden 6nceki
nem icerigi % 12 (yaklasik 8.86 ml su var) ve
% 100 suyla doygun hale getirmek igin
harcanan su miktar1i 65 ml olarak
belirlenmistir. Leonardit giibresinin zamana
bagli nem degisimi Sekil 2a; Sekil 2b’de
verilmistir. Buna gore leonardit giibresi 1. giin

nemin % 48.8’ini yani 73.86 ml’lik
(65ml+8.86ml) suyun 36 ml’sini ortam
sartlarinda kaybetmistir. Leonarditin

saturasyonu i¢in harcanan su miktarmin (65
ml) tamami 10. giliniin sonunda kaybolmustur
(Sekil 2a; 2b). 10. giinden sonraki diisilk nem
degisimleri 6rnegin sature edilmeden Onceki
rutubet icerigi ile 1ilgilidir. Leonardit
giibresinin organik madde icerigi olusumuna
baglh olarak degiskenlik gostermektedir.
Leonarditin organik madde igerigi % 35-50
arasi diistik kaliteli, % 50-65 orta kaliteli ve %
65-80 arast ise yiiksek kaliteli olarak
siiflandirilmistir (Anonim, 2023). Calismada
leonardit gilibresinin organik madde igerigi %
55 ile orta kaliteli sinifinda yer almustir.
Calismada leonardit giibresi diger organik
diizenleyicilere oranla biinyesinde tuttugu
suyu daha erken zaman da kaybetmistir. Bu
durum organik madde iceriginin diger organik
diizenleyicilere (Gidya: % 57.5; Giivercin
giibresi: % 70.9; Bildircin giibresi: % 73.9)
oranla daha diistik olmasi ile
iliskilendirilmistir. Yapilan arastirmalarda,
organik maddenin (humusun kolloidal yapida
olmas1 adsorbsiyon derecesini artirmaktadir)
topraklarin su tutma kapasitesini artirdig1 rapor
edilmistir (Kara ve ark., 2021b; Kara ve ark.,
2022b).
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Sekil 2. Organik diizenleyicilerden leonardit giibresinin zamana bagli nem kaybinin a) % ve b) ml olarak gosterimi

3.2. Gidya giibresi

Gidya gilibresinin ~ rutubet icerigi
gravimetrik yontemle % 7.3 (14.17 ml) olarak
Olclilmiistiir. Maksimum alabilecegi saf su
icerigi ise 180ml olarak tespit edilmistir.
Boylece 194.17 ml’lik su igerigi ile % 100
doygunluga getirilmistir. ~ Sature edilen
numunenin zamana bagli nem degisimi Sekil
3a; 3b’de gosterilmistir. Gidya giibresi, % 50
doygunlugunu yaklasik 8. giiniin sonunda (%
54.48=105.8 ml kayip) kaybetmistir (Sekil 3a;
3b). Gidya yaklasik olarak 16. giiniin sonunda

orijinal nem igerigine gelmistir. Gidya giibresi
yaklasik olarak % 40-50 arasi organik madde
icerige sahip bir materyaldir (Yakupoglu ve
ark., 2013). Calismada kullanilanin gidyanin
organik madde igerigi yaklagik % 58 olarak
belirlenmistir (Tablo 1). Gidya giibresinin
calisma Oncesi tavuk altlig1 olarak kullanilmasi
organik madde igerigini artirmistir. Bu sebeple
gidya giibresi leonardit giibresine oranla
bilinyesine daha fazla su almasina ek olarak
zamana baglhi % nem kaybi da daha gec
gerceklesmistir (Sekil 2a; 3a).
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3.3. Giivercin giibresi

Gtivercin giibresi % 7.67 (19.93 ml) nem
icerigine sahip iken 240 ml’lik su ile doygun
hale getirilmistir. Doygun hale getirilen
numunenin zamana bagli nem kayb1 Sekil 4a
ve Sekil 4b’de verilmistir. Calismada elde
edilen sonuglara gore, giivercin giibresi 12.
giinde biinyesinde barindirdigr nemin (% 45
=117 ml kayip) yarisindan fazlasin1 tutmustur.
Ayrica saturasyon i¢in harcanan su (240 ml)
miktar1 20. giiniin sonuna (% 93.02=241.8 ml
kayip) kadar korunmustur (Sekil 4a; 4b).
Giivercin giibresini sature etmek i¢in harcanan
su miktar1 diger organik diizenleyicilere oranla
daha fazla olmustur (Tablo 1). Bununla birlikte

giivercin giibresi, leonardit ve gidya giibresine
oranla biinyesinde tuttugu % su kayb1 daha gec
zaman da gergeklesmistir (Sekil 2a; Sekil 3a;
Sekil 4a). Giivercin giibresinin (OM: % 70.9)
zamana bagli % nem kaybimin gidya (OM: %
57.5) ve leonardit (OM: % 55) giibresine
oranla daha gec¢ gerceklesmesi icerdikleri
organik madde miktar ile iliskilendirilmistir.
Organik kokenli materyallerin birbirlerine
gore farkli su tutma kapasitelerine sahip
oldugu ve bu farkliligin materyalin orijini ve
humuslagma derecesi gibi faktorlere bagh
oldugu bilinmektedir (Yiice ve Yakupoglu,
2017; Namli ve ark., 2017; Kara ve ark.,
2021a; Kara ve ark., 2022a; Kara ve ark.,
2022b).
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Sekil 4. Giivercin giibresinin zamana bagli nem degisiminin a) % ve b) ml olarak gosterimi

3.4. Bildircin giibresi

Bildircin giibresinin orijinal nem igerigi %
7.12) iken maksimum alabilecegi su miktar1
214 ml olarak belirlenmistir. Zamana bagh
nem degisimi Sekil 5a; 5b’de verilmistir. Sekil
Sa’da gorildigli gibi bildircin giibresi 12.
giiniin sonunda yaklasik % 46’lik bir nem
kayb1 goOstermistir.  Bildircin  giibresi  25.
giinin sonunda 210.5 ml (% 91.36) su
kaybetmistir (Sekil 5b). Buna gore bildircin
giibresi biinyesinde tuttugu % su icerigini diger

organik diizenleyicilere (leonardit giibresi,
gidya giibresi ve giivercin giibresi) oranla daha
ge¢ zamanda kaybetmistir. Bu durum organik
diizenleyicilerin icerdikleri organik madde
miktart (bildircin giibresi: % 73.9; giivercin
giibresi: % 70.9; gidya giibresi: % 57.5;
leonardit giibresi: % 55) ile iliskilendirilmistir.
Bazi1 arastirmacilar  bildircin  giibresinin
topraklarin su tutma kapasitesini artirdigini
bildirmislerdir (Gupta ve Gardner, 2005;
Suppadit ve ark., 2008b).
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4.Sonu¢ ve Oneriler

Elde edilen bulgulara gore c¢alisilan
materyaller icerisinde organik madde igerigi en
yiiksek olan bildircin giibresiyken en diisiik
organik madde kapsami leonardit
giibresindedir. Besin elementi igerigi agisindan
sonuclar incelendiginde, N, P ve K igerigi
bakimindan materyaller yiiksekten diistige
dogru bildircin giibresi, giivercin giibresi,
gidya ve leonardit seklinde siralanmigtir.
Zamana bagli1 % nem kaybi en erken leonardit
giibresinde goriilirken en ge¢ bildircin
giibresinde tespit edilmistir. Materyallerin
organik madde icerigi arttik¢a zamana bagh
nem kaybinmi azaltmistir yani organik madde
icerigi su tutma lizerine olumlu etki etmistir.
Sonu¢ olarak organik diizenleyicilerden
bildircin giibresi ya da giivercin glibresi
ozellikle kurak ve yar1 kurak bolgelerde bahge

tariminin yapildigi alanlarda topragin su tutma
kapasitesini artirmak ic¢in Onerilebilir. Bu
materyallerin kullanimi toprakta 33-1500 kPa
kuvvetlerle tutulan suya olumlu etki edecektir.
Ancak tarla tariminin yapildig: biiyiik alanlar
icin bildircin ve giivercin gilibresinden fazla
miktarlarda temin edilmesi gerekeceginden,
boylesi biiyiik alanlar i¢in Onerilmeleri uygun
olamayabilecektir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarii, makalenin yayina hazir son
halini okuduklarin1 ve onayladiklarin1 beyan
ederler.

Cikar Catismas1 Beyam

Tiim yazarlar, bu ¢alisma i¢in herhangi bir
cikar catismasi olmadigini beyan etmektedir.
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Ozet

Calismada, sirik tip Adamset F1 hibrit domates ¢esidi kullanilmugtir.
Bitkiler, kontrollii iklim odasinda 16/8 saatlik aydinlik/karanlik
fotoperiyotta, 25°C sicaklikta, % 65 nemde, 400 pmol m? s 151k
yogunlugunda Hoagland besin soliisyonu kullanilarak hidroponik
kiiltiirde yetistirilmistir. Besin soliisyonuna Mangan (Mn)’1n 0.016 ppm,
0.021 ppm, 0.026 ppm, 0.031 ppm, 0.036 ppm, 0.041 ppm ve 0.046 ppm
dozlar1 uygulanmistir. Bitkiler 4-5 gercek yaprakli iken ortama polietilen
glikol (PEG-6000/%5) eklenerek kuraklik uygulanmistir. Kuraklik
uygulamasinin 7. ve 14. giiniinde bitkilerden ornek alma islemi
yapilmistir. Kuraklik stresi durumunda, Mn elementi uygulamalarinin
bitkilerin bazi biiyiime parametreleri iizerine etkilerini belirlemek
amaciyla yapilan calismada bitkilerin bazi biiylime parametrelerine
bakilmugtir. Kuraklik stresi altindaki domates bitkilerine farkli dozlarda
mangan uygulandiginda, domates bitkilerinin bitki gelisimi iizerine
olumlu etki eden en uygun mangan dozlarinin 0.031 ppm ve 0.036 ppm
oldugu belirlenmistir.
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The Effect of Different Doses of Manganese on Plant Development on Tomato Plants

with and Without Drought Stress

Abstract

In the study, inverted Adamset F1 hybrid tomato cultivar was used. The
plants were grown in hydroponic culture using Hoagland nutrient solution
at a light intensity of 400 pmol m? s, at 25°C, 65% humidity, in a
controlled climate room with a 16/8 hour light/dark photoperiod. 0.016
ppm, 0.021 ppm, 0.026 ppm, 0.031 ppm, 0.036 ppm, 0.041 ppm and
0.046 ppm doses of Manganese (Mn) were applied to the nutrient
solution. When the plants had 4-5 true leaves, polyethylene glycol (PEG-
6000/5%) was added to the medium and drought was applied. On the 7th
and 14th days of drought application, samples were taken from the plants.
In order to determine the effects of Mn element applications on some
growth parameters of plants in the case of drought stress, some growth
parameters of plants were examined. When different doses of manganese
were applied to tomato plants under drought stress, it was determined that
the optimum manganese doses that had a positive effect on plant growth
of tomato plants were 0.031 ppm and 0.036 ppm.
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Yasar ve ark.

1.Giris

Bitki gelisimini smirlayan her tiirli
faktor “stres” olarak tanimlanmaktadir
(Tiirkan, 2008). Bitki gelisimini olumsuz
etkileyen bir stres faktorli olarak bitki
veriminin diismesine neden olur (Dagiistii,
2003; Yasar ve ark., 2020; Maeseroh ve
Ozel, 2021; Yasar ve Uzal, 2021). Dogal ve
ekili kosullardan kaynaklanan bitkiler,
yasamlart boyunca birgok stres etkeniyle
kars1 karsiya kalir. Topraktaki bilesenlerin
neden oldugu stres birka¢ giin siirebilir;
ancak hava sicakligi gibi bazi cevresel
faktorler kisa stireli strese neden olabilir
(Taiz ve Zeiger, 2010). Cevresel baskilar
diinyada bitkisel iiretimi sinirlayan baslica
faktorlerdir. Abiyotik stres ortalama % 71
ve diger stresorler ortalama % 29 tarimsal

tiretimin azalmasinda etkilidir (Boyer,
1982).  Kuraklik, diinyadaki tarim
alanlarinin ~ ¢ogunda  bitkisel  iiretimi

sinirlayan en onemli faktordiir (Oztiirk,
1998).

Kuraklik, bitki i¢in mevcut olan toprak
suyunun yetersiz oldugu ve metabolizma
tizerinde  olumsuz  etkilerin  oldugu
fizyolojik bir su eksikligi seklidir (Kumar
ve ark., 2018; Yasar ve Uzal, 2021). Bitkiler
kuraklik stresiyle karsilastiklarinda, ilk
tepkileri dis ve i¢  yapilarindaki
degisikliklerden olusur. Bitki biliylimesinde
yavaglama, su eksikliginin neden oldugu
onemli etkidir. Ozellikle vejetatif donemde
yetersiz su, yaprak renginin solmasi, yaprak
sayisinin azalmast ve yaprak alaninin
kiigiilmesi gibi etkilere neden olmaktadir
(Yang ve ark., 2021). Kuraklik iizerine
yapilan caligmalarda, direncin
belirlenmesinde zarin biitiinliigli ve stres
altindaki etkisi arastirilmistir. Suyun hiicre
iceriginin bilylik bir kismini olusturmasi,
tastyict olmasi, hiicresel reaksiyonlar ve
islevler icin ¢Oziicii rolii oynamast gibi
fonksiyonel ozelliklerinden dolay1
hiicreden kaybt  durumunda, normal
regiilasyon devam edemez ve metabolizma
bozulmasia yol acar. Su kaybina bagl

olarak gerceklesen iyon-birikimi, membran
biitiinliiglinlin ve proteinlerin yapisinin
bozarak hiicreye zarar verebilir
(Kalefetoglu ve Ekmekgei, 2005). Kuraklik
altinda yaprakta meydana gelen diger bir
morfolojik 6zellik ise kivrilmadir. Bunun
nedeni, yapragin st epidermisindeki
potansiyel i¢ su yetmezligidir (Yang ve ark.,
2021). Bir bakima bu, kurakligr 6nlemek
icin bir stratejidir. Ciinkii yaprak alani
azaldiginda terleme ile su kaybi daha az
olacaktir.

Mangan (Mn) bitkiler i¢in O6nemli
metabolik olaylarda c¢esitli fonksiyonlara
sahip olan bir mikroelementtir. Mn 6zellikle
fotosentez olaymin verimini etkileyen
dogrudan ve dolayli fonksiyonlara sahiptir
(Marschner, 1995). Mn elementinin yiiksek
bitkilerdeki fotosentez olayinda oksijen
evolusyonu (fotoliz) i¢in 6nemli oldugu
belirlenmistir (Gerretsen, 1950). Mangan
elementinin hormonlarla da 6nemli iliskileri
bulunmaktadir. Mangan noksanlig1
durumunda ise TAA oksidaz aktivitesi
artmakta, oksin  seviyesi  azalmakta
dolayisiyla biiyiime yavaglamakta ve
yaprak absisyonuna neden olmaktadir
(Marchner, 1986).

Bu bilgilerden hareketle kuraklik stresi
uygulanacak bitkilere farkli dozlarda Mn
uygulayarak, uygulamalarin  bitkilerin
gelisimi  lizerine  etkilerini  anlamak
amaciyla bu ¢aligma yapilmstir.

2.Materyal ve Yontem

Sirik tip olan Adamset F1 hibrit domates
cesidine ait fidelerin kullanildig1 calisma
Van Yiiziincii Yil Universitesi Ziraat
Fakiiltesi Bahge Bitkileri Boliimii Fizyoloji
laboratuvarinda yiiriitiilmistiir. Deneme
normal atmosferin saglandigi split klimali
iklim odasinda yuriitilmiistiir.

Domates  tohumlari, pomza ile
doldurulmus 40x25x5 cm boyutlarindaki
plastik ¢imlendirme kaplarina 100’er adet
tohum ekilip sonra ¢esme suyu ile
sulanmistir. Cimlendirme kaplarinin alt
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yiizeyi 0.5 cm ¢apinda toplam 9 adet delige
sahip olup, sulama suyunun drene edilmesi
saglanmigtir. Pomza iyice 1slandiktan ve
sulama suyunun fazlasi siiziildiikten sonra
cimlendirme kaplari, 25+1°C sicaklik % 70
neme sahip iklim odasma yerlestirilmis,
tizerleri nemli gazete kagidiyla Oortiiliip
kaplar diizenli olarak kontrol edilerek ve
pomza kurumayacak sekilde azar azar
¢cesme suyu ile sulanmaya devam edilmistir.
Kotiledon yapraklari yatay duruma gelen ve
ilk gercek yapraklari goriilmeye baglayan
fidelerde sulama Hoagland besin ¢ozeltisi
ile (Hoagland ve Arnon, 1938) yapilmustir.

Pomza ortaminda 2. ger¢ek yapraklari da
olusan fideler, besin ¢ozeltisi doldurulmus
25x25x18 cm  boyutlarindaki  plastik
kiivetlerde su Kkiiltiiriine alinmistir. Ozel
olarak hazirlanmis ve her fide i¢in iizerine
delikler agilmis plastik tablalara domates
fideleri kii¢iik slinger parcalar1 ile sarilmak

Havalandirma islemi, akvaryum pompasina
bagli bulunan ince plastik hortumlarin besin
cozeltisi igerisine daldirilmas1 yoluyla
yapilmistir. Fideler iki hafta siireyle su
kiltirinde, 25+1°C sicaklik % 70 nem, 400
pumol m™' s' sahip iklim odasinda
biiytitiilmiistlir ve 4-5 gercek yapraga sahip
olan  fidelere = kuraklik  uygulamasi
yapilmistir. Kuraklik uygulanacak fideler
icin besin c¢ozeltisine % 5 (osmotik
potansiyel -0.20 MPa) polietilen glikol
(PEG 6000) ilave edilmistir.

Her hafta yinelenen ¢ozeltilerin
tazelenmesi asamasinda, PEG
uygulamalarinin  ayni  konsantrasyonda

devami saglanmistir. Ornek alma islemi
ciceklenme Oncesinde ve ciceklenme
doneminde olmak iizere iki kez yapilmistir.
Bitkilerin, temel bazi biliylime
parametrelerinden kok agirlign (g), gévde

agirhgr (g), yaprak agirhigr (g), yaprak

suretiyle yerlestirilmistir.

Bitki

kokleri

sayis1 (adet), gévde boyu (cm), gévde capi

besin ¢ozeltisinde olacak sekilde tablalar ~ (mm), bogumla arasi mesafe (cm)

kiivetlerin konulmustur. Olctilmiistiir.

Tablo 1. Kullanilan besin eriyigi rec¢eteleri (ppm)
Elementler Uyg.1 Uyg.2 Uyg.3 Uyg.4 Uyg.5 Uyg.6 Uyg.7

(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

Azot (N) 186 186 186 186 186 186 186
Fosfor (P) 31 31 35 31 31 31 31
Potasyum (K) 136 136 136 136 136 136 136
Magnezyum (Mg) 49.28 49.28 49.28 49.28 49.28 49.28 49.28
Kalsiyum (Ca) 200 200 200 200 200 200 200
Demir (Fe) 33 33 33 33 33 33 33
Mangan (Mn) 0.016 0.021 0.026 0.031 0.036 0.041 0.046
Bor (B) 0.205 0.205 0.205 0.205 0.205 0.205 0.205
Bakir (Cu) 0.015 0.015 0.015 0.015 0.015 0.015 0.015
Cinko (Zn) 0.023 0.023 0.023 0.023 0.023 0.023 0.023
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2.1.Temel baz1 biiyiime parametrelerinin
belirlenmesi

Kok agirlhigy, yaprak agirhig, goévde
agirhiginin belirlenmesi ii¢ tekerriirlii olarak
1/10.000’lik  hassas dijital terazi ile
tartilmistir. Bitki boyu, bogumlar arasi
mesafe (cm) cetvel ile cm olarak
Olclilmiistiir. Yaprak sayis1 adet olarak
belirlenmistir.

2.2.Degerlendirmelerin yapilmasi

Deneme tam sansa bagl tesadiif
parselleri deneme desenine gore 3
tekerriirlii ve her tekerriirde 5 bitki olacak
sekilde kurulmustur. Calismanin sonucunda
elde edilen verilerin degerlendirilmesi JP
istatistik analiz paket programinda varyans
analizine tabi tutulmustur.

3.Bulgular ve Tartisma
3.1.Kok agirhg

Calismada kok agirliklart bakimindan
kontrol gruplar1 arasinda 6nemli farkliliklar

olmamakla birlikte kuraklik stresi ile
beraber  kok  agirhiginda  diisiisler
goriilmiistiir. Kuraklik stresine maruz

kalma siiresi uzadik¢a kok agirligindaki
diistisler daha fazla olmustur. Kok agirligi
bakiminda en yiiksek deger cigceklenme
sonrast donem 0.031 ppm ve 0.036 ppm Mn
uygulamalarinda (6.44 g) kaydedilirken en
diisiikk kok agirligi ise ¢iceklenme sonrasi
donem % 5 PEG ve 0,046 ppm Mn
uygulamasinda (2.16 g) kaydedilmistir
(Tablo 2).

Tablo 2. Kuraklik stresine maruz birakilan ve birakilmayan domates bitkilerine farkli Mangan

dozlar1 uygulamasida kok agirligi (g)

Uygulama Kok Agirhd
Cigeklenme 6ncesi (7. Giin) Cigeklenme sonrasi (14. Giin)
Kontrol Uygulama Kontrol Uygulama
1 4.21e-1 4.74c-f 491b-¢ 4.20e-1
2 5.65ab 4.51d-g 4.98b-e 3.67g-k
3 4.10e-1 4.76b-f 6.44a 2.84k-m
4 4.29¢e-h 3.69g-k 6.44a 2.84k-m
5 4.56d-g 3.88f-j 5.41b-d 3.70g-k
6 5.50bc 3.39h-1 4.12e-1 3.11j1
7 4.58d-g 3.301-1 3.381-1 2.16 m

Ayni harfi alan ortalamalar arasindaki fark p < 0.005’e gore onemli degildir.

Kok Agirhg:

KONT
CICEKLENME ONCESI

1 m2 m3

4 m5

KONT
CICEKLENME SONRASI

6 m7

Sekil 1. Dénemsel olarak bitkilerin kdk agirligr degisimleri
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3.2.Govde agirhg:

Govde agirliklar bakimindan
ciceklenme Oncesi kuraklik uygulamasinda
onemli farkliliklar olmamakla beraber
kuraklik stresine maruz kalma siiresi
uzadik¢a 6nemli diisiis meydana gelmistir.
En fazla govde agirlig ¢igceklenme sonrasi

donem 0.021 ppm Mn uygulamasinda (7.96
g) kaydedilirken en diisiik govde agirligi ise
ciceklenme sonrasi déonem % 5 PEG ve
0.046 ppm Mn uygulamasinda (3.03 g)
goriilmiistiir (Tablo 3).

Tablo 3. Kuraklik stresine maruz birakilan ve birakilmayan domates bitkilerine farklit Mangan

dozlar1 uygulamasinda govde agirligi (g)

Govde Agirhg
Uygulama Cigeklenme 6ncesi (7. Giin) Cigeklenme sonrast (14. Giin)
Kontrol Uygulama Kontrol Uygulama

1 4.67e-j 4.03yj 7.13ab 4.83e-1
2 4.521-j 5.36d-f 7.96a 4.84d-1
3 5.52 de 4.57f- 7.30ab 5.89 cd
4 4.72e-j 4.58f-j 7.30ab 4.41g-j
5 5.07d-h 4.29h-j 7.72a 4.67e-j
6 5.08d-h 5.36d-f 6.51bc 5.22d-g
7 4.53f-j 4.56f-] 5.76cd 3.03k

Ay harfi alan ortalamalar arasindaki fark p < 0.005’e gére énemli degildir

Govde Agirhg

KONT
CICEKLENME ONCESI

KONT
CICEKLENME SONRASI

] m2 m3 w4 m5 m6 m7

Sekil 2. Donemsel olarak bitkilerin govde agirligi degisimleri

3.3.Yaprak agirhg:

Bitkilerde kuraklik stresi ile yaprak
sayisina paralel olarak yaprak agirliklarinda
da belirgin diislisler oldugu goriilmektedir.
Kuraklik stresine maruz kalma stiresi
uzadikca yaprak agirligindaki distislerde
artmustir. Kontrol gruplari ile
karsilastirildiginda  ¢iceklenme  sonrasi

donemdeki  kuraklik  uygulamalarinda
yaprak agirliginda  Onemli  diislisler
goriilmiistiir. Yaprak agirligi bakimindan en
yiiksek degerler sirasiyla ¢igeklenme dncesi
0.021 ppm ve 0.041 ppm Mn
uygulamalarinda goriliirken, en diisiik
yaprak agirligi sirastyla ¢igeklenme sonrasi
donem % 5 PEG ve 0.046 ppm Mn (2.82 g)
uygulamasinda kaydedilmistir (Tablo 4.).
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Tablo 4. Kuraklik stresine maruz birakilan ve birakilmayan domates bitkilerine farkli Mangan
dozlar1 uygulamasinda yaprak agirligi (g)

Yaprak Agirhg
Ciceklenme oncesi (7. Giin) Cigeklenme sonrasi (14. Giin)
Uygulama
Kontrol Uygulama Kontrol Uygulama
1 10.33b-d 9.21d-f 10.22b-d 7.20h1
2 11.89 a 9.83c-e 9.09d-f 4.44k-m
3 11.14a-c 8.65¢e-g 9.90 c-e 3.23mn
4 10.13b-d 9.47d-f 9.90 c-e 393 1-n
5 11.36 ab 7.73 gh 11.43ab 4.24k-m
6 12.05a 7.22h1 8.16f-h 4.56kl1
7 9.30 d-f 5.36k 9.22d-f 2.82n
Ayn1 harfi alan ortalamalar arasindaki fark p < 0.005’e gore onemli degildir
Yaprak Agirhgi

KONT UYG KONT UYG
CICEKLENME ONCESI CICEKLENME SONRASI

Sekil 3. Donemsel olarak bitkilerin yaprak agirligi degisimleri

3.4.Yaprak sayisi goriildiigli lizere en fazla yapraklara sahip
domates bitkileri 9.88 adet ile ¢iceklenme
sonrast donem 0.026 ve 0.031 ppm Mn
uygulamalarinda goriiliirken, en diisiik
yaprak sayisi 6.88 adet ile cigeklenme
sonras1 donem % 5 PEG ve 0.031 ppm Mn
uygulamasinda saptanmustir.

Yaprak sayilar1 bakimindan ¢igeklenme
sonrast kontrol uygulamalarinda yaprak
sayisinin en fazla oldugu ve ayn1 donemde
kuraklik stresi ile yaprak sayilarinda 6nemli
diisiislerin oldugu belirlenmistir. Tablo 5’te

Tablo 5. Kuraklik stresine maruz birakilan ve birakilmayan domates bitkilerine farkli Mangan
dozlar1 uygulamasinda yaprak sayisi (adet)

Yaprak Sayis1 (Adet)
Ciceklenme 6ncesi (7. Giin) Ciceklenme sonrasi (14. Giin)
Uygulama Kontrol Uygulama Kontrol Uygulama

1 8.00h-j 8.25g-1 9.00c-f 8.63e-h
2 8.75d-g 8.88d-g 9.00c-f 7.881-k
3 8.63e-h 8.38f-1 9.88a 7.505-1
4 9.00c-f 8.25g-1 9.88a 6.88 1

5 9.13b-e 8.75d-g 9.75 ab 7.38j-1
6 9.38a-d 8.38f-1 9.00c-f 8.25g-1
7 8.88d-g 7.131 9.63a-c 7.25 kl

Ayni harfi alan ortalamalar arasindaki fark p < 0.005’e gore 6nemli degildir
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Yaprak Sayisi

KONT UYG
CICEKLENME ONCESI

KONT UYG
CICEKLENME SONRASI

H] W2 m3 w4 u5 W6 W7

Sekil 4. Donemsel olarak bitkilerin yaprak sayilar1 degisimleri

3.5.Govde boyu
Kuraklik stresi ile domates bitkilerinde
govde boyu uzunluklarinda Gnemli

degisiklikler meydana gelmistir. En yiiksek
govde boyu ciceklenme Oncesi donem
0.036 ppm Mn uygulamasinda (31.75 cm)

gorililirken en kisa boylu bitkiler ise
cigeklenme sonrasi donem % 5 PEG ve
0.046 ppm Mn uygulamasinda (19.38 cm)
oldugu goriilmiistiir (Tablo 6).

Tablo 6. Kuraklik stresine maruz birakilan ve birakilmayan domates bitkilerine farkli Mangan

dozlar1 uygulamasinda govde boyu (cm)

Govde Boyu
Uygulama Cigeklenme 6ncesi (7. Giin) Cigeklenme sonrasi (14. Giin)
Kontrol Uygulama Kontrol Uygulama

1 27.61d-1 28.38b-g 29.73a-¢ 25.06 h-j
2 28.19¢c-g 29.88a-¢ 27.29d-1 23.65jk
3 29.69a-¢ 24.69 ij 28.28b-g 20.80 k1
4 28.56b-f 27.69d-h 28.28b-g 21.41kl1
5 31.75a 26.13fj 31.09a-c 25.58g-j
6 31.19ab 27.00e-1 30.25a-d 26.06 f-j
7 25.50g-j 21.29kl 26.28 - 19.381

Ayni harfi alan ortalamalar arasindaki fark p < 0.005’e gore 6nemli degildir.

Govde Boyu

KONT UYG
CICEKLENME ONCEST

0,8
23,63

2 5,04

KONT UYG
CICEKLENME SONRASI

m] m2 m3 w4 m5 w6 W7

Sekil 5. Donemsel ve uygulamalar arasi gévde boyu
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3.6.Govde cap1

Kuraklik  stresine maruz  birakilan
domates bitkilerinin gévde ¢ap1 bakimindan
kontrol ve kuraklik uygulamalar1 arasinda
onemli farkliliklarin oldugu goriilmiistiir.
Govde ¢apr bakimindan en yiiksek deger

ciceklenme sonrast donem 0.031 ppm ve
0.036 ppm Mn uygulamalarinda (6.38 mm)
Olciiliirken en diislik deger ise ciceklenme
oncesi donem % 5 PEG ve 0.036 ppm Mn
ve ¢iceklenme sonrasi donem % 5 PEG ve
0.046 ppm Mn uygulamalarinda (4.72 mm)
Ol¢iilmiistiir (Tablo 7.)

Tablo 7. Kuraklik stresine maruz birakilan ve birakilmayan domates bitkilerine farkli Mangan

dozlar1 uygulamasinda govde ¢ap1 (mm)

Govde Cap1
Cigeklenme 6ncesi (7. Giin) Cigeklenme sonrasi (14. Giin)
Uygulama
Kontrol Uygulama Kontrol Uygulama
1 6.15ab 5.14e-g 6.03a-c S5.11e-g
2 6.00a-c 5.58b-e 498 e-g 5.30d-g
3 5.29e-g 5.06 e-g 6.38a 5.13e-g
4 5.14e-g 5.07e-g 6.38a 4.99e-g
5 5.98 a-c 4.72¢g 6.20a 5.24e-g
6 5.53c-f 4.95fg 6.23a 5.07e-g
7 5.54c-f 4.87g 5.90a-d 472 ¢
Ayni1 harfi alan ortalamalar arasindaki fark p < 0.005’e gore 6nemli degildir
Govde Cap1

KONT
CICEKLENME ONCESI

UYG

m] m2

KONT

CICEKLENME SONRASI

4 m5 m6 m7

Sekil 6. Donemsel olarak bitkilerin gévde cap1 degisimleri

3.7.Bogum arasi1 mesafe

Kuraklik stresine maruz birakilan fideler
bogum arasi mesafesi bakimindan kontrol
ve uygulamalar1 arasinda farkliliklarin
oldugu goriilmiistiir. Bogum aras1 mesafesi
bakimindan en yiiksek deger cigceklenme
oncesi donem 0.036 ppm ve 0.041 ppm Mn

uygulamalarinda (7.22-7.04 cm)
kaydedilirken en diisik deger ise
ciceklenme sonrasi donem % 5 PEG ve
0.046 ppm Mn uygulamasinda (2.71 cm)
Ol¢iilmiistiir (Tablo 8).
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Tablo 8. Kuraklik stresine maruz birakilan ve birakilmayan domates bitkilerine farkli Mangan

dozlar1 uygulamasinda bogum aras1 mesafesi (cm)

Bogum Aras1 Mesafe

Cigeklenme 6ncesi (7. Giin)

Cigeklenme sonrasi (14. Giin)

Uygulama
Kontrol Uygulama Kontrol Uygulama
1 6.06b-d 5.99b-d 4.64f-h 4.13g-j
2 576 c-e 6.35bc 4.73f-h 4.15g-j
3 6.64 ab 6.03b-d 442 g1 3.44k
4 5.70 c-e 5.20ef 4.42 g1 3.53j-k
5 7.22a 5.64de 4.66f-h 4.06h-k
6 7.04a 4.74 fg 4.10g-k 3.811-k
7 5.50 de 4.24g11 3.54j-k 2711

Ay harfi alan ortalamalar arasindaki fark p < 0.005’e gére énemli degildir

Bogum Arasi1 Mesafe

KONT
CICEKLENME ONCESI

3

KONT
CICEKLENME SONRASI

4 m5 u6 m7

Sekil 7. Donemsel olarak bitkilerin bogum aras1 mesafe degisimleri

Kuraklik stresi altinda bitkilerin bitki su
potansiyelinin azalmasi ve stomalarin agilip
kapanmasindaki diizensizlikler nedeniyle
toplam klorofil miktarinda azalmalarin
oldugu ve bunun sonucu olarak fotosentez
etkinliginin azalarak bitkinin gelisiminde
gerilemeler ortaya ¢iktigimi ortaya koyan
cok sayida calismalar mevcuttur. (Hu ve
Schmidhalter, 2005; Tiirkan ve ark., 2005;
Yasar ve ark., 2013; Yasar ve ark., 2014).
Yaptigimiz ¢alisma da bunu teyit eder
sonuclar alinmustir. Farkli dozlarda mangan
uygulamalarinin kuraklik stresi altindaki
bitkiler tlizerindeki etkileri ise dozlara gore
farkliliklar gostermistir. Elbette ki bitkiler
saglikl bir sekilde biiytiylip gelisebilmeleri
icin gerekli besin elementlerini belirli bir
denge icinde almalar1 gerekmektedir. Bu
oranlardaki artis veya azalmalar dengenin

bozulmasina neden olmakta ve bitkilerin
gelisimini olumsuz yonde etkilemektedir.
Yani bitki besin elementlerinin bir ortamda
fazlaca bulunmas1 bitkilerin gelisimi i¢in
her zaman 1iyi olacagt anlamina
gelmemektedir. Nitekim uyguladigimiz
manganin yiiksek dozlarinda bunu gérmek
mimkiin olmustur. Mn, bitki biiylime ve
gelismesindeki  asil  rolii  fotosentez
iizerinedir. Mangan bitkinin fotosentezde
kullanilmak tizere 151k enerjisini yakalama
yeteneginde rol oynamaktadir. Mn, bir
bitkinin yasam dongiisliniin fotosentez,
solunum, reaktif oksijen tiirlerinin (ROS)
miicadelesi, patojen savunmasi ve hormon
sinyalizasyonu gibi ¢esitli siireclerinde rol
almaktadir. Son zamanlarda, mineral besin
fazlalik veya azlhigi durumunda bitki
gelisimin diizenlenmesinde rol oynayan
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bitki hormonlarinin nasil ¢alistig1 {izerine
caligmalar  yapilmaktadir.  Calismalar
disaridan uygulanan hormonlarin mineral
madde alimi ve etkinligini etkiledigini
gosterdigi  gibi, disaridan uygulanan
mineral maddelerinde hormon dengesini
degistirebilecegini  tespit  etmislerdir.
Ornegin; Mn eksikligi, oksin seviyelerini
azaltir ve hormon dengesizligine neden
olur. Oksin hormonu oranindaki azalma,
yanal kok gelisiminin ve kok uzamasinin
azalmasina (Wolters ve Jiirgens, 2009) ve
biiyiime ve gelismede azalma ile yaprak

absisyonununa neden olmaktadir.
Calismamizda elde ettigimiz  veriler
degerlendirildiginde  bitki  gelisiminin

manganin diisiik dozlarinda oldugu kadar
ylksek dozlarinda da olumsuz etkilendigi
yoniindedir.

4.Sonuclar

Calismada kuraklik stresi uygulanacak
bitkilere farkli dozlarda Mn uygulayarak,
uygulamalarin bitkilerin gelisimi {izerine

etkileri incelenmistir. Calismanin
sonucunda manganin eksikligi  kadar
fazlalig1 da hormon dengesinin

bozulmasina bdylece biiyiime ve gelisme
lizerine olumsuz etki yapmasina sebep
oldugu belirlenmistir.  Sonug¢  olarak,
kuraklik stresi altindaki domates bitkilerine
0.031 ppm Mangan ve 0.036 ppm Mangan
uygulandiginda, domates bitkilerinin bitki
gelisimi {izerine olumlu etki ettigi, bu
dozlarin esik dozlar oldugu ve 6zellikle bu
dozlarin artirilmasinin  bitki  gelisimine
olumsuz etki yaptig1 sonucuna varilmstir.

Yazarlarin Katki Beyani

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yayina hazir son
halini gordiiklerini ve onayladiklarini beyan
ederler.

Cikar Catismasi Beyani

Tiim yazarlar, bu c¢alisma i¢in herhangi
bir ¢ikar c¢atismasi olmadigini beyan
etmektedir.

Finansman

Bu makale Van Yiziinci Yil
Universitesi, Bilimsel Arastirma Projeleri
Bagkanlig1 tarafindan desteklenen (Proje
no: FBA-2019-7831) projeden {iretilmistir.
Destekleri icin tesekkiir ederiz.
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Abstract

Faba bean is a good protein, starch, cellulose and minerals resource.
Therefore it will have increasing importance for human and animal
food in the future to meet the needs of the growing population. To
choose the appropriate accessions and employ them in the breeding
program, the current study's objectives were to evaluate the variety
of agronomic traits in Turkish faba bean germplasm and to discover
genomic areas linked to the assayed attributes. The field experiments
were carried out in the Turkish province of Sivas using 330 faba bean
genotypes and 3 registered cultivars as plant material according to
augmented block design. There were 8 agronomic traits in total. The
variance analysis reveals that, except for germination days, the
variety factor had a large and significant impact on most
morphological features (p<0.01). Furthermore the results showed a
wide range in the following traits: flowering days (26 -39 days), plant
height (25-59 cm), first pod height (10.50-42,60 cm), the number of
pods per (1-33), the number of seeds per plant (2.40-106), grain
weight per plant (1.80-224.9 g), the 100-grain weight (48-214 g),
while a narrow range is noticed for days of germination (23-29 g).
Correlation analysis showed that plant height, grain weight and the
number of pods and seeds per plant are positively correlated with
other. Also, it was a strong and highly significant association
between the number of seeds per plant, the weight of grain per plant,
and the number of pods per plant, as well as a positive and large
correlation between the number of seeds and grain weight per plant.
According to PCA of the defined agro-morphological variables, five
principal components comprising 33.975, 15.137, 13.023, 12.626
and 10.246%, respectively, can explain 87.007% of the total
variation.
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1. Introduction

Legume crops are widely farmed
worldwide as a sustainable source of high-
protein food (Dhull et al., 2022). Faba bean
(Vicia faba L.) is considered one of the
oldest crops grown worldwide and due to its
nutritional significance, it has an important
role in both human and livestock feeding
(Karkanis et al., 2018). Fava bean is an
annual grain and cool season legume native
to southwestern, is sown in the autumn or
spring (Link et al., 2008), the seeds
germination takes between 10 and 14 days
in ideal growing germination (Damalas et
al., 2019). Most legume seed germination is
sensitive to low soil temperature but, faba
bean is one of the few cool-season grain
legumes, and its germination tolerance is
higher than that of most grain legumes.
Although it adapts to a wide pH range (6 to
9) as well as sandy-loam soils, faba bean
prefers clay-lime, chalky, well-drained and
textured soils with neutral pH. Regarding,
the photoperiod, many faba bean cultivars
(photoperiod sensitive) require long days to
flower and mature, whereas others appear to
be day length-neutral (Patrick and Stoddard,
2010). The optimal temperature for
flowering progression has been set at 22 °C
for modeling purposes (Peng et al., 2014) or
23 °C (Turpin et al., 2002).

Major faba bean producers include
Ethiopia, Egypt, China, Afganistan, India,
Northern Europe, and Northern Africa
(Rahate et al., 2021), and around 90% of the
world's more than 50 faba bean-
producingcountries are in Asia, the
European Union (EU), and Africa (FAO
[Food and Agriculture Organization],
2020). In Tiurkiye, the fourth-most
extensively produced pulse crop is the faba
bean, which has historically been regarded
as the genesis and diversification hub for
many crops (Peksen, 2007). A total of
12346 t of faba bean production was
produced in 2019 on an area of 4332
hectares under cultivation (Cilesiz et al.,
2023).

From a nutritional and ecological
standpoint (Xiao et al., 2021), the faba bean
is considered an important crop; in fact is a
multipurpose species that provide a variety
of ecosystem services. Nurtionnaly, faba
beans (Vicia faba) are the third most
important legume after soya (Glycine max)
and pea (Pisum sativum) (Rahate et al.,
2021). It is a valuable protein-rich crop that
serves a huge segment of the human
populations in developing countries like
Africa, Latin America and Asia (Duc, 1997;
Awad et al., 2014; Zhou et al., 2018). Faba
bean is also a significant nutrient-rich
legume, particularly for its high levels of
complex carbohydrates, dietary fiber, non-
nutrient secondary metabolites, and
bioactive compounds (antioxidants,
phenols, and -aminobutyric acid), which
have several reported health benefits
(Khazaei et al., 2021; Liu et al., 2022).
Moreover, it is a good source of numerous
macro- and microelements, including
minerals (Rahate et al., 2021;
Haciseferogullari et al., 2003). Ecologically
speaking, faba beans fix more nitrogen than
peas do, according to studies on the
symbiotic fixation of atmospheric nitrogen
in organic farming (Schmidtke and Rauber,
2000).

Due to the significant nutritional value of
faba beans, they are an important part of
human diets (Etemadi et al., 2018).
However, faba bean cultivation has been
trending slightly downward because of the
low and unstable yields, as well as a lack of
cultivars that are resistant to the main faba
diseases. In consequence, quality breeding
and abiotic stress management are
becoming major challenges in faba bean
Research (Torres et al., 2011).

Plant breeding has made significant
contributions to the development of a large
number of crop varieties with desirable
traits. Thus, the following traits should be
considered when choosing faba varieties:
yield potential, quality, consistent
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performance, suitability for human
consumption or the feed market, seed size,
days to maturity, standing ability, disease
resistance, and abiotic stress resistance
(Karkanis et al.,, 2018). Moreover, the
critical breeding objectives for the faba
bean include enhanced seed quality traits;
because the size of the faba bean seed has a
key role in dcrmining the market and
method of consumption (Karkanis et al.,
2018).

Many investigations have been using the
breeding strategy in order to obtaining high-
yielding cultivars of faba beans. In their
research, Ton et al. (2021) demonstrated
that plant height, branches per plant, and
100-grain weight all played a significant
influence in increasing faba bean grain
yield. As a result, effective selection for the
traits indicated above can be done to
increase faba bean grain yield. Moreover,
Karakoy et al. (2014) found that several
accessions of faba bean had a very good
agronomic  performance  for  some
parameters and their results showed that the
gene pools contain a variety of valuable
qualities and a large range of phenotypic
variation, which is a good source of
diversity for use in contemporary faba bean
breeding programs. Neda et al. (2021)
discovered that the average squares owing
to accession seemed to be significant to
highly significant for the greater part of
traits in all environments, revealing that the
characteristics had a sufficient level of
genetic diversity and that mean-based
selection would be effective in enhancing
faba bean traits. Moreover, germination

percentage is a critical factor that can
significantly decrease the selling price of
seeds. According to Singh et al. (2017), the
duration required for faba bean germplasm
to reach 50% germination indicates that
there is a good amount of variability in this
particular trait, which may be used to
shorten the length of the entire crop cycle as
early as the seedling stage. Even though
research on faba bean inbred lines has
generated interest, there aren't as many
registered faba bean cultivars currently on
the market as there are for cereals (Fouad et
al., 2013; Duc et al., 2015).

In context with the aforementioned, the
intent of this research is to define the
genetic variation of 334 genotypes rising in
the province of Sivas in order to determine
the most suitable high genotypes for
breeding strategies that focus on improving
crop yield and incorporating resistance to
both abiotic and biotic stresses and creating
novel high yielding cultivars.

2. Material and Methods
2.1. Plant material

Total 330 genotypes, were selected from
a collection of faba bean landraces derived
from 22 regions of Tirkiye (Adana,
Amasya, Antakya, Antalya, Aydin,
Balikesir, Canakkale, Diyarbakir, Edirne,
Elaz1g, Erzincan, Eskisehir, Giresun, [zmir,
Manisa, Mardin, Mersin, Mugla, Samsun,
Sinop, Sivas, Tekirdag) and three registered
faba bean cultivars (Kitik 2003, Filiz 99,
Salkim) served as control group were used
as plant material. Information about plant
material is provided in Table 1.

Table 1. Origin and collection sites of 330 Turkish faba bean populations and three cultivars used in

the study
Accession Names of C . . Accession Names of s .
Number Landraces District Coordinates Number Landraces District Coordinates
5 Adana 5 Center | B3 19/N37 225 Giresun 4 Stored
00 product
6 Adana 6 Center E35 1(?0/ N37 226 Giresun 5 Faba field
8 Amasya 1 Bean field 227 Izmir 1 Center E27 1205/ N33
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10 Amasya 3 Bean field - 228 [zmir 2 Center E27 120 5/ N38
12 Antakya 1 Center E361 11 2/ N36 229 [zmir 3 Center E27 lé) 5/ N38
13 Antakya 2 Center E36 1112/ N36 230 [zmir 4 Center E27 120 5/ N33
14 Antakya3 | KUetkneh - 231 Izmir 5 Center | B2/ 125/ N38
15 Antakya 4 Yull‘fl‘;lr"k@ FI008 /N6 232 Tzmir 6 Center | P27 10/N38
19 Antalya 3 Center - 234 Izmir 8 Center E27 ]20 5/ N38
21 Antalya 5 Center - 235 [zmir 9 Center E27 lé) 5/ N38
27 Aydin 1 Center E27 550 1/ N37 236 Izmir 10 Center E27 lé) 5/ N33
29 Aydmn 3 Center E27 550 l/ N37 237 Izmir 11 Center E27 120 5/ N33
30 Aydin 4 Center E27 5501/ N37 238 [zmir 12 Center E27 1205/ N38
31 Aydm 5 Center E27 550 1/ N37 239 [zmir 13 Center E27 lé) 5/ N38
33 Balkesit 1 | Center | £2/ 5317/ N39 240 izmir 14 Karsiyaka ];237802673300/

34 Balikesir 2 Center E27 5317/ N39 241 Izmir 15 Karsiyaka ];23780267330 0/

35 Balikesir 3 Center E27 5317/ N39 242 Izmir 16 Karsiyaka I;:\IZZ 80267330 0/

37 Balikesir 5 Center E27 5317/ N39 244 [zmir 18 Karsiyaka };2,;7 80267330 0/

38 Balikesir6 | Center | 2/ 5317/ N39 245 fzmir 19 Karsiyaka ]?\1237802673300/

42 Balikesir 10 Center E27 5317/ N39 246 Izmir 20 Karsiyaka ];23780267330 0/

44 Balikesir 12 Center E27 5317/ N39 247 Izmir 21 Karsiyaka 1;3\1237 80267330 0/

45 Balikesir 13 Center E27 5317/ N39 248 [zmir 22 Karsiyaka Ii?; 802673;) O/

49 Balikesir 17 Center E27 5317/ N39 249 [zmir 23 Karsiyaka %;80267330 0/

50 Balikesir 18 Center E27 5317/ N39 250 [zmir 24 Karsiyaka ];23780267330 0/

53 Balikesir 21 Center E27 5317/ N39 251 Izmir 25 Karsiyaka I;:\1237802673300/

58 Balikesir 26 Center E27 5317/ N39 252 [zmir 26 Karsiyaka Ii?; 80267330 O/

59 Balikesir 27 Center E27 5317/ N39 253 zmir 27 Karsiyaka %;80267330 0/

60 Balikesir 28 Center E27 5317/ N39 254 zmir 28 Karsiyaka ];23780267330 0/

63 Balikesir 31 Center E27 5317/ N39 255 Izmir 29 Karsiyaka I;:\1237802673300/

70 Balikesir 38 Center E27 5317/ N39 256 [zmir 30 Karsiyaka %;80267330 0/

72 Balikesir 40 Center E27 5317/ N39 257 [zmir 31 Karsiyaka ]:;?337802673;) 0/

73 Balikesir 41 Center E27 5317/ N39 258 Izmir 32 Faba field -

74 Balikesir 42 Center E27 5317/ N39 259 Izmir 33 Faba field -

75 Balikesir 43 Center E27 5317/ N39 260 [zmir 34 Faba field -

77 Balikesir4s | Center | > °L/NY 262 izmir 36 Faba field -

78 Balikesir 46 Center E27 5317/ N39 263 [zmir 37 Faba field -

81 Balikesir 49 Center E27 5317/ N39 265 [zmir 39 Faba field -

82 Balikesir 50 Center E27 51 /N39 266 [zmir 40 threshing -

37 floor
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83 Balikesir 51 Center E2751/N39 268 Izmir 42 threshing -
37 floor
84 Balikesir 52 Center E27 5%17/ N39 270 [zmir 44 Kizilcaayas E27 3184/ N38
85 Balikesir 53 Center E27 5317/ N39 271 izmir 45 Menemen E27 036 5/ N38
. E27 51 /N39 _— .. E27 0435/
86 Balikesir 54 Center 37 272 Izmir 46 Kurfalliyi N39 01 29
87 Balikesir 55 Center E27 5317/ N39 276 Kahramza nmaras Center -
88 Balikesir 56 Center E27 5317/ N39 277 Kahram3a nmaras Afsin -
89 Balikesir 57 Center E27 5317/ N39 278 Kars 1 Center E43 035 5/ N40
90 Balikesir 58 Center E27 5317/ N39 279 Kars 2 Center E43 035 5/ N40
91 Balikesir 59 Center E2751/N39 281 Kars 4 Stored -
37 product
93 Balikesir 61 Center E27 5317/ N39 282 Kastamonu 1 Center -
94 Balikesir 62 Center E27 5317/ N39 283 Kastamonu 2 Center -
95 Balikesir 63 | Center | D27 L/N39 284 Kayseri | Stored ;
37 product
96 Balikesir 64 Center E27 5317/ N39 286 Kayseri 3 Faba field -
97 Balikesir 65 Center E27 5317/ N39 287 Kayseri 4 Faba field -
98 Balikesir 66 Center E27 5317/ N39 288 Kirklareli 1 Faba field -
99 Balikesir 67 | Center | ' 23N 289 Kirklareli 2 | Faba field -
100 Balikesir 68 Center E27 5317/ N39 290 Kirklareli 3 Center E27 1422/ Nal
101 Balikesir 69 Center E27 5317/ N39 291 Kirklareli 4 Center E27 1422/ N41
. E273755/ . . . E27 4637/
102 Balikesir 70 | Gokgeagac N39 37 45 293 Kirklareli 6 Vize NA41 34 43
. E273755/ . . Stored
103 Balikesir 71 | Gokgeagac N39 37 45 294 Kiirsehir 1 product
. . E27 2700/ . . .
105 Balikesir 73 Kusadasi N39 47 00 295 Kirsehir 2 Faba field
. E2758 48/ . Stored
106 Balikesir 74 Pasakoy N39 33 23 296 Kocaeli product
. E28 08 23/ E3230/N37
107 Balikesir 75 Kayabasi N39 21 57 297 Konya 1 Center 51
. . E2754 19/ E3230/N37
108 Balikesir 76 Selimiye N39 30 35 298 Konya 2 Center 51
. . E2726 46/ E3230/N37
109 Balikesir 77 | Kayapinar N39 29 31 299 Konya 3 Center 51
. E27 0222/ E3230/N37
110 Balikesir 78 Can N39 37 23 300 Konya 4 Center 51
. E28 0238/ E3230/N37
111 Balikesir 79 Tepeoren N40 08 44 301 Konya 5 Center 51
. E273803/ E3230/N37
112 Balikesir 80 | Gundogdu N40 10 21 302 Konya 6 Center 51
. Lo E272901/ E3230/N37
113 Balikesir 81 Gecitli NA40 10 24 303 Konya 7 Center 51
114 | Balikesirsy | ‘Preshing . 304 Kutahya 1 threshing -
floor floor
115 Balikesir83 | Sred ; 305 Malatya 1 Stored ;
product product
116 Balikesirg4 | Swred ; 306 Malatya 2 Stored -
product product
117 Batman 1 Center - 307 Malatya 3 Faba field -
118 Batman 2 Center - 308 Malatya 4 Faba field -
119 Bilecik 1 Center - 309 Manisa 1 Center E27 239 6/ N38
121 Burdur 2 Center E30 1f3/ N37 310 Manisa 2 Center E27 239 6/ N38
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122 Bursa 1 Yenice ];23038038 6/ 311 Manisa 3 Center E27 239 6/ N38

123 Bursa 2 Yenice ];:\12303803(? 6/ 312 Manisa 4 Center E27 239 6/ N38

124 Bursa 3 Center - 313 Manisa 5 Center E27 239 6/ N38

125 Bursa 4 Center - 314 Manisa 6 Center E27 239 6/ N33

126 Bursa 5 Murseller %24?0001 54452/ 315 Manisa 7 Center E27 239 6/ N33

127 Bursa 6 Center 316 Manisa 8 Center E27 239 6/ N38

128 Bursa 7 Orhaneli ];:\1250558118 2/ 317 Manisa 9 Center E27 239 6/ N38

129 Bursa 8 Center - 318 Manisa 10 Center E27 239 6/ N38

130 Bursa 9 Center - 319 Manisa 11 Center E27 239 6/ N33

131 Canakkale 1 Center E26 259/ N40 320 Manisa 12 Center E27 239 6/ N38

132 Canakkale 2 Center E26 259/ N40 322 Manisa 14 Faba field -

134 Canakkaled | Cemer | F20%0 /N4 323 Manisa 15 Faba field -

135 Canakkale 5 | Center | P20 %0 /N0 324 Manisa 16 Faba field -

136 Canakkale 6 | Cemer | P20 %0 /N4 325 Manisa 17 Kinik B!

138 Canakkale 8 Center E26 259/ N40 327 Mardin 2 Center -

139 Canakkale9 | Center | E2° 239/ N40 328 Mardin 3 Kizltepe ;

140 Canzlil(;kale Center E26 259/ N40 329 Mersin 1 Center -

141 Can?l;kale Center E26 239/ N40 330 Mersin 2 Center -

142 Cane]ll;kale Center E26 259/ N40 331 Mersin 3 Center -

143 Can:]ll;kale Center E26 239/ N40 332 Mersin 4 Center -

144 Canzlil;ka]e Center E26 259/ N40 333 Mersin 5 Center -

145 Can?l;kale Center E26 239/ N40 334 Mersin 6 Center -

146 Ca“‘i‘l;kale Center | B2 259/ N40 335 Mersin 7 Faba field -

147 Camaldaale | Center | P20 /N0 336 Mersin 8 Faba field -

148 Ca“*lﬂgka]e Center | B2 259/ N40 337 Mersin 9 Faba field -

149 Ca”j“;kale Center | E20 239/ N40 338 Mersin 10 ;g’;ﬁgt -

150 Canakkale Center E26 25 / N40 339 Mugla 1 Center E28 22 /N37
20 09 13

151 Cangl;kale Faba field - 341 Mugla 3 Center E28 212 3/ N37

152 Ca“;‘;ka]e Faba field - 342 Mugla 4 Center | %8 2123/ N37

154 Canatkale | Faba field - 343 Mugla 5 Center | B8 2123/ N37

156 Ca“;l;kale Faba field . 344 Mugla 6 Center E28 2123/ N37

157 Cangl;kale Faba field - 345 Mugla 7 Center E28 212 3/ N37

158 Canglgkale Faba field . 346 Mugla 8 Center | E28 2123/ N37

160 Ca“;‘gkale Faba field - 347 Mugla 9 Fethiye | £2° 0387/ N36

161 Ca“gl;kale Faba field - 349 Mugla 11 Faba field -

121




Yiice et al.

163 Canglgkale Faba field - 350 Mugla 12 Faba field -
164 Ca“;‘;kale Can - 351 Mugla 13 Faba field -
165 Canakkale Can - 352 Samsun 1 Stored -
35 product
166 Canakkale Can - 353 Samsun 2 Stored -
36 product
Canakkale . Stored
167 37 Can - 355 Sinop 1 product -
Canakkale . E26 21 /N39 . Stored
168 38 Ezine 3 357 Sivas 2 product -
Canakkale . E26 21 /N39 . Stored
169 39 Ezine 3 358 Sivas 3 product -
170 Canakicale | gine | 2021 /N 359 Sivas 4 Faba field -
Canakkale . E26 21 /N39 . E27 31 /N41
171 41 Ezine 3 362 Tekirdag 1 Center 00
Canakkale Stored . E27 31/N41
173 3 product - 363 Tekirdag 2 Center 00
Canakkale Stored . E27 31 /N41
174 44 product - 364 Tekirdag 3 Center 00
Canakkale Guvemala E26 25 /N40 . E27 31 /N41
175 45 n 09 365 Tekirdag 4 Center 00
176 Canaklale | Guvemala | 52625 /N40 366 Tekirdag 5 | Faba field -
Canakkale Guvemala E26 25 /N40 . Stored
177 47 n 09 367 Tekirdag 6 product -
Canakkale Turkmenel | E26 17 /N39 . Stored
178 48 ; 47 368 Tekirdag 7 product -
Canakkale Adatepe E27 07 / N40 o s E26 51 36/
180 50 village 16 369 Tekirdag 8 Lapseki N40 73 51
Canakkale . E2639 17/ . E26 5506/
181 5] Altinoluk N39 33 371 Tekirdag 10 Malkara NA4O 51 25
Canakkale . . E2724 46/
182 50 Alcitepe - 372 Tekirdag 11 Kumbag N40 50 33
Canakkale . . E27 2154/
184 54 Bayramic - 373 Tekirdag 12 Ucmakdere NA40 49 51
Canakkale Bihramli E26 17 13/ . Naip E2724 04/
185 55 village N40 07 374 Tekirdag 13 village N40 52 28
Canakkale Burhaniye E26 3223/ . . E27 2624/
186 56 village N40 13 375 Tekirdag 14 Yaci village N41 00 03
Canakkale E26 27 / N40 . E275325/
187 57 Edge 08 376 Tekirdag 15 Cerkezkoy N41 14 59
Canakkale . E26 30 50/ . E27 1951/
188 58 Eskipazar N40 09 377 Tekirdag 16 Hayrabolu N41 03 33
Canakkale Ecebat- . E27 1501/
189 59 Gelibolu 378 Tekirdag 17 Ortaca N41 04 59
190 Canakkale ngtepe E27 08 / N40 379 Tokat 1 Faba field .
60 village 13
Canakkale E26 5935/ )
191 61 Hurmakoy N39 59 380 Tokat 2 Faba field -
Canakkale E26 19 14/ .
192 62 Intepe N40 00 381 Tokat 3 Faba field -
Canakkale . E27 1319/ )
193 63 Karkin N30 48 382 Tokat 4 Faba field -
Canakkale E262307/ )
194 64 Kepez N40 05 383 Tokat 5 Faba field -
Canakkale E26 1910/ )
197 67 Pasakoy N39 31 384 Tokat 6 Faba field -
Canakkale Seddulbahi E26 1149/ .
198 68 . N40 03 385 Urfa 1 Ezgil -
Canakkale Serbetli E26 5159/
199 69 village NA40 00 386 Van 1 Center -
200 Diyarbakir 1 Center - 387 Yozgat 1 Stored -
product
201 Edirne 1 Center | F2034/N4I 388 Yozgat 2 Stored -
41 product
202 Edirne 2 Center | P20 /N4 389 NA NA NA

122




Yiice et al.

203 Edirne 3 Center E26 311/ N4l 390 Kitik 2003 - -
. . E2638 27/ ..
204 Edirne 4 Alic N4103 394 Filiz 99 - -
205 Edirne 5 Center | P203INI 395 Salkim - -
206 Edime 6 Center | F20 3;‘1/ N4l 401 NA NA NA
207 Edirne 7 Center E26 311/ N4l 402 NA NA NA
208 Edirne 8 Faba field - 403 NA NA NA
209 Elaz1g 1 Center E39 1:1/ N38 404 NA NA NA
210 Elaz1g 2 Center E39 131/ N38 405 NA NA NA
211 Elaz1g 3 Center E39 151/ N38 407 NA NA NA
212 Elazig 4 Center | B3 151/ N38 408 NA NA NA
213 Elaz1g 5 Center E39 1:1/ N38 409 NA NA NA
214 Elaz1g 6 Center E39 131/ N38 410 NA NA NA
215 Elaz1g 7 Faba field - 411 NA NA NA
216 Erzincan 1 Stored . 412 NA NA NA
product
217 Erzincan 2 Stored - 415 NA NA NA
product
218 Erzincan 3 Faba field - 416 NA NA NA
220 Eskisehir 1 Center - 417 NA NA NA
221 Eskisehir 2 Center - 418 NA NA NA
222 Giresun 1 Center - 420 NA NA NA
223 Giresun 2 Stored . 421 NA NA NA
product
224 Giresun 3 Stored - 422 NA NA NA
product
233 {zmir 7 Center E27 1;) 5/ N38 425 NA NA NA
621 NA NA NA
*NA: Not available
2.2. Field experimentation 2022 growing season. The trial area is

The field study was carried out in the  located at an altitude of approximately 1285
province of Sivas (Agricultural Research ~ m above sea level, at the location N39,
and Development Center, University of 720656 - E36,917248 (Figure 1).

Science and Technology) during the 2021-

Figure 1. The trial field
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In Sivas province, a continental climate
with cold and snowy winter and hot and dry
summer is dominant. Important climatic
parameters such as temperature,
precipitation, and humidity related to the
period of research are given in Table 2. The
temperature was minimal in April at -4.2

(°C). The total precipitation between April
and August was 137.9 mm and it was higher
than the long-term average (133.5 mm). The
average relative humidity value according
to the months varied between 44.5% and
55.8% and it was lower than the long-term
average (51.58%).

(°C) and was maximal in August at 23.7

Table 2. Precipitation, temperature and relative humidity values of the period of the experiment
(Ministry of Agriculture and Forestry General Directorate of Meteorology)

Month Precipitation (mm) Temperature (°C) Relative Humidity (%)

Mean LYA Min. Max. Mean LYA Min. Max. Mean LYA
April 43 23.2 42 12.2 122 11.1 7.0 92.0 445 50.0
May 5.6 18,9 0.8 12.5 12,5 13.9 10.0 91.0 53.1 53.8
June 116.6 777 9.8 18.8 18.8 18.6 7.0 93.0 55.8 55.2
July 0.0 4.6 72 19.1 19.1 20.3 5.0 85.0 51.9 50.5
August 11.4 9.1 13.4 237 237 223 100 99.0 475 48.4
Mean 137.9 133.5 86.3 86.2 50.56  51.58

LYA: Long-term average

The physical and chemical properties of
the experimental site are provided in Table
3. The Sivas location soil had a silty clay
loam texture, the value of the pH was 7.28
and characterized by a lime content of 19.6
%, high potassium content (K20) (93.59 kg

da!'), low phosphorus (P20s) and salt
contents (3.40 kg da!, 0.33 mmhos cm’!
respectively) and a low organic matter
(1.7%). The drainage of the field was done
properly and there was no groundwater
problem during the study.

Table 3. Physical and chemical properties of the soil of the trial site

Calcitic Salinity P20s K20 Organic
Depth Texture pH (%CaCO3) (%) (kgda')  (kgda')  matter (%)
030cm  Silty clay loam  7.28 19.6 0.33 3.40 93.59 1.7

Experiments were set up using the
Augmented approach design approach. The
trial consisted of six blocks, each with three
control genotypes (Kitik-2003, Filiz-99 ve
Salkim) and 55 genotypes. Each genotype
was planted in one row of 2 m length with
an inter-row spacing of 70 cm and intra
rows spacing of 10 cm, and 20 seeds were
sown in each row. Fertilizer, 4 kg of N
(nitrogen) and 8 kg of phosphorus (P20s)
fertilizer per decare were applied. Plant
material was sown on 25" April and
harvested on 20" August. Appropriate

insecticides had been used to prevent
uncontrolled Aphis fabae Scopoli activity
during the flowering period.

2.3. Agronomic traits measurements

At the maturity stage, the agro
morphological traits mentioned below were
measured (1) Germination days, (2) Days to
flowering, (3) Plant height (cm), (4) First
pod height (cm), (5) Number of pods per
plant, (6) Number of seeds per plant (7)
Grain weight per plant (g), (8) 100-grain
weight (g).
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2.4. Statistical analysis

JMP 14.1.0 statistical software (2018,
SAS Institute Inc., Cary, NC, USA) was
used to conduct the analysis of variance
(ANOVA). The statistical software
XLSTAT was used to calculate various
parameters such as minimum, maximum,
and mean (www.xlstat.com). The principal
component analysis (PCA) and biplot
analysis were both performed using the
same software.

3. Results

ANOVA analysis showed that the effect
of the variety was highly significant (P <

0.01) on days to flowering, plant height,
first pod height, number of pods per plant,
number of seeds per plant and 100-grain
weight traits. The effect of the block
showed a weak significant level (P < 0.05)
on plant height, number of pods per plant
and number of seeds per plant but, it had an
insignificant effect on days to flowering,
first pod height and 100 grain weight. On
the other hand, variety and block had no
significant effect on days to germination,
although both had a sustained impact (P <
0.01) on the trait of the grain weight (Table
4).

Table 4. Analysis of variance for eight traits of faba bean germplasm

Days to germination

Source DF Sum of Squares F Ratio Prob > F
Block [Year, Location] 5 11.16667 2.1613 0.1403
Variety 332 166.06322 0.4841 0.9733
Days to flowering
Block [Year, Location] 5 10.9444 1.2236 0.3663
Variety 332 3578.5766 6.0254 0.0017
Plant height
Block [Year, Location] 5 2.3335 4.7303 0.0178
Variety 332 7773.1181 237.3047 <.0001
First pod height
Block [Year, Location] 5 0.49 1.3050 0.3358
Variety 332 173312.33 7013.638 <.0001
Number of pods per plant
Block [Year, Location] 5 0.8503 3.5666 0.0413
Variety 332 6868.5983 433.9093 <.0001
Number of grain per plant
Block [Year, Location] 5 0.758 3.5579 0.0415
Variety 332 37092.455 2622.983 <.0001
Grain weight per plant
Block [Year, Location] 5 1.633 6.3122 0.0068
Variety 332 67861.100 3949.274 <.0001
100 Grain weight
Block [Year, Location] 5 23.17 2.8958 0.0717
Variety 332 119915.62 225.7448 <.0001

3.1. Agronomical traits diversity

The means and ranges of the traits in
Table 5 revealed that, with the exception of
days of germination, all of the examined
features showed a broader range of
variability. Flowering days for accessions
ranged from 26 to 39 days, with an average
of 31.42 days, and plant height ranged from
25 to 59 cm, with an average of 44.86 cm.

Furthermore, the first pod height varied
between 10.50 and 42.60 cm with an overall
value of 19.54 cm; in addition the number
of pods per plant fluctuated between 1 and
33.33 with an average main of 12.89.
Furthermore, the number of seeds per plant
ranged from 2.40 to 106 with a median
value of 25.04. The lowest grain weight per
plant was 1.80 g, the highest was 224.90 g,
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and the overall main was 22.54 g.
Furthermore, the 100-grain weight ranged
between 48 and 214 g with an average main
of 90.99 g. On the other hand, the variation

range for days of germination was
extremely narrow, ranging from 23 to 29
days, with a median value of 24.81.

Table 5. Minimum, maximum and mean values for studied traits in Turkish faba bean germplasm

Variable Minimum Maximum Mean
Days to germination 23.00 29.00 24.81
Days to flowering 26.00 39.00 31.41
Plant height (cm) 25.00 59.20 44.86
First pod height (cm) 10.50 42.60 19.54
Number of pods per plant 1.00 33.33 12.89
Number of seeds per plant 2.40 106.00 25.04
Grain weight per plant (g) 1.80 224.90 22.45
100-grain weight (g) 48.00 214.00 90.99

3.2. Correlation coefficients among the
studied traits

Table 6 lists correlations between 8
morphological  features  from 334
genotypes. As a result, there was a
significant positive correlation between

NPPL, NSPL, GW, and PH (0.625%%,
0.560** and 0.371**). Moreover, there
were a positive and substantial correlation
between NSPL and GWPL (0.674%%), as
well as strong and highly significant
correlations between NSPL, GWPL and
NPPL (0.835**and 0.574**respectively).

Table 6. Estimates of correlation coefficients at a genotypic level among eight traits of faba bean

accessions
Variables DF DG PH(cm) FPH(ecm) NPPL NSPL GWPL(g) 100 GW (g)
DF 1 0.022  -0.176** 0.004 -0.133  -0.056 -0.012 0.051
DG 1 -0.041 0.083 0.068 0.021 0.042 -0.176**
PH (cm) 1 0.090 0.625%* 0.560%*  0.371** -0.006
FPH (cm) 1 0.015 -0.024 -0.007 -0.022
NPPL 1 0.835%*%  (.574%* -0.190%**
NSPL 1 0.674%* -0.135
GWPL (g) 1 0.042
100 GW (g) 1

** Significant test at 0.01 level. DF: days to flowering, DG: days to germination, PH: plant height, FPH: first pod, NPPL: Number of pods per plant, NSPL:
number of seeds per plant, GWPL: grain weight per plant, 100 GW (g): 100-grain weight

3.3. Principal component analysis for the
studied traits

The purpose of the principal component
analysis was to identify the essential
agronomical trait that contributed the most
variability among plant genotypes. With
eigen values ranging from 0.820 to 2.878
the five main components in the current

study were able to account for about
35.975% of all the data variances. The first
principal component (PC1) was essential
and accounted for 35.975% of the overall
variation; number of pods per plant, number
of seeds per plant, grain weight per plant
and plant height (0.919, 0.757 and 0,746,
respectively) were the most agronomical
traits to PCl. The second principal
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component (PC2), which was heavily
reliant on days of flowering (0.740),
accounted for 15.137% of the variability.
The third main component, which
accounted for 13.023% percent of overall
variability, mainly was based on days of
germination (0.909). The fourth principal
component contributed to 12.626% of
genotype diversity. The last major
component represented a percentage of
10.246% of the overall variance; the
significant eigenvectors for PC4 and PC5
were first Pod Height (cm) and days to

flowering (0.906 and 0.615 respectively)
(Table 7).

The three sets of faba bean landraces
could be easily distinguished on the
principal component graph (Figure 2). In
PC1, the number of pods per plant, number
of seeds per plant, grain weight per plant
and plant height were important variants;
days of flowering were significant variants
in PC2, whereas important variables in PC3
included days of germination.

Table 7. Principal component analysis results of traits investigated in faba bean genotypes

plants

Variables PC1 PC2 PC3 PC4 PC5

Days of germination -0.171 -0.014 0.909 0.094 -0.308
Days of flowering 0.058 0.740 0.224 0.000 0.615
Plant height (cm) 0.746 -0.120 -0.207 0.181 -0.040
First pod height (cm) 0.033 0.327 -0.108 0.906 -0.187
Number of pods per plant 0.919 0.061 -0.003 -0.050 -0.058
Number of seeds per plant 0.919 -0.029 0.126 -0.070 -0.053
Grain weight per plant (g) 0.757 -0.143 0.275 0.025 0.173
100-grain weight (g) -0.155 -0.719 0.138 0.373 0.524
Eigenvalue 2.878 1.211 1.042 1.010 0.820
Variability (%) 35.975 15.137 13.023 12.626 10.246
Cumulative % 35.975 51.112 64.135 76.761 87.007

Variables (axes F1 and F2: 51,11 %)
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Figure 2. Biplot plot showing the relationship between the investigated features
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4. Discussion

Landraces are crucial genetic resources
for faba bean breeding programs and can be
kept as inbred lines (Terzopoulos and
Bebeli, 2008). Characterizing the local
genotypes is crucial, given the high value of
plant germplasm collections. In order to
effectively use different landraces in
breeding programs to create novel height
yielding faba bean cultivars, it is vital to
identify the agronomic features of different
landraces. Turkey, the most significant hub
of variation, has yielded a sizable number of
distinct faba bean landraces. In the current
work, the agronomical traits for a sizable
germplasm  collection are thoroughly
analyzed. Also, a wide range of
environmental and geographic areas was
used to collect the landraces, which tends to
promote diversity. Indeed, results showed
that the variety had a highly significant (P <
0.01) impact on the morphological traits
examined, including days to flowering,
plant height, first pod height, number of
pods per plant, number of seeds per plant,
and 100-grain weight. In addition, the block
and variety had a sustained (P < 0.05)
influence on the feature of grain weight.
However, despite a weakly significant level
of the block (P <0.05) on plant height, the
number of pods per plant, and the number
of seeds per plant, it had no significant
impact on the number of days till flowering,
the height of the first pod, and the weight of
100 grains. The two criteria under
investigation had no effect beyond days of
germination. In line with the findings of our
study, Wang et al. (2023) shown that the
faba bean's genotype is the main predictor
of agronomic features, including those for
stem, leaf, and flowering. Moreover,
Gutiérrez et al. (2023) showed that the
selection of faba bean accessions from
various sources, with enough genetic
variation, indicated a wide variance in
parameters including maturity date; plant
height, number of pods per plant; number of
seeds per plant, hundred seed weight; and

plot yield, indicating that the panel is
genetically varied. similarly, Boots-Haupt
et al. (2022) reported that the effect of faba
bean genotype was significant for all
parameters examined, including flowering
date, plant height, total nodes, and a number
of first fruiting nodes, while for all traits
except harvest index, the impacts of the
testing environment were substantial.
According to Karakoy et al. (2014) the
differences between 182 accessions were
meaningful for all of the studied characters,
such as days to emergence, days to
flowering, days to pods, days to maturity,
plant height (cm), the height of the first pod
(cm), number of branches per plant, as well
as the length of the pods. On the other hand,
Essa et al. (2023) research, in contrast to our
findings, asserted that the analysis of
variance showed that environmental
influences might have a considerable
impact on cultivars performance of faba
beans.

Nonetheless, the quantitative agronomic
characteristics are crucial for characterizing
and assessing faba bean landraces.
Consequently, our findings indicated that
the  genotypes  exhibit a  more
comprehensive range of variability in the
parameters of flowering days, plant height,
first pod height, the number of pods per
plant, the number of seeds per plant, grain
weight per plant, and 100-grain weight,
however, the range of variance for days of
germination among  genotypes  was
minimal. In accordance with our study,
Ammar et al. (2015) found that there was a
vast variation in plant height, number of
pods/plant, the number of seeds per plant,
and the days before 50% flowering.
Furthermore, Kumar et al. (2017), in
agreement with our findings, showed that a
higher range of variability was observed for
the parameters of plant height, the number
of pods per plant, 100 seed weight and seed
yield per plant. These findings show that
breeding programs like selection and
hybridization can help to increase
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performance by providing selection
opportunities for certain qualities. Similar
to the study by Malek et al. (2021), a high
degree of phenotypic diversity was
observed for the metrics days to 50%
flowering, plant height (cm), number of
pods per plant, number of seeds per pod,
and 100-seed weight across Algerian faba
bean landraces. Moreover, Wafa and
Heakel’s (2022) findings, which concur
with ours, showed that the tested genotypes
exhibited substantial differences in plant
height, number of pods per plant, number of
seeds per pod, 100-seed weight, and seed
yield. Also, according to Backouchi et al.
(2015), there was a striking variation in the
morphological variables, including plant
height, number of pods, number of seeds,
and weight of 100 seeds across the three
main populations of Vicia faba.

Besides, the improvement of one feature
might also improve another desired quality,
according to positive correlations between
various parameters (Yiicel et al., 2009;
Comertpay et al., 2012). The selection of
the appropriate character is also essential
because of the associations between various
qualities. As a result, we found that plant
height, grain weight and the number of pods
and seeds per plant are positively correlated
with other. Moreover, there was a strong
and extremely significant association
between the number of seeds per plant, the
weight of grain per plant, and the number of
pods per plant, as well as a positive and
large correlation between the number of
seeds and grain weight per plant. Robertson
and El-Sherbeeny (1998), in contrast to our
findings, discovered that there was a
positive correlation between seed yield and
seed weight rather than a significant link
between pods per plant and seed yield.
Musallam et al. (2004) also discovered a
positive  association  between  seed
production and hundred seed weight, which
is inconsistent with our findings. On the
other hand, Ton et al. (2021), based on the
correlation coefficients between grain yield

and yield components, discovered that, in
keeping with our findings plant height, pods
per plant, and grains per plant all had a
positive and significant correlation with
grain yield, respectively. No meaningful
relationships between grain yield and first
podding height were found. Yeken et al.
(2019) discovered that the grain weight was
significantly and favorably connected with
plant height and the number of pods per
plant; also plant height and the number of
pods per plant showed a sustainable and
positive association which is consistent
with our findings. As with our finding, a
strong and positive association was marked
between the number of pods per plant and
the grain weight per plant in the
investigation of Syed (2016).

Furthermore, for breeding enhancement,
understanding  the  genetics  behind
intriguing features of species is crucial. The
genetic improvement of a group of traits, as
opposed to the genetic improvement of
individual features, is the typical goal of
breeding programs since it is intriguing for
breeders to understand how changing one
trait can affect other traits (Venkovsky and
Barriga, 1992). Plant breeders must
therefore take account of the relationship
that already exists between the features in
order to improve multiple attributes at once.
Plant breeders may be helped by
information collected through principal
component analysis to determine the
number of highly diverse populations for
use in crossing and selection programs
(Veronesi and Falcinelli, 1988). According
to PCA of the defined agro-morphological
variables, five principal components
comprising 33.975, 15.137, 13.023, 12.626
and 10.246%, respectively, can explain
87.007% of the total variation. Moreover.
The number of pods per plant, number of
seeds per plant, grain weight per plant, and
plant height were significant variants in
PC1, days of flowering were significant
variants in PC2, and days of germination
were an essential variable in PC3, when
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taking into account the plot defined by the
PC1 and PC2 and their projection on the
third plan (PC3). According to Yadav et al.
(2016) assessment, the first five principal
components (PC1 to PC5) gave Eigen-
values> 1.0 and collectively accounted for
62.8% of the overall variation. With a more
significant impact on leaflet length, leaf
width, and the number of nods per main
branch, PC1 explained 17.0% of the overall
variance. PC2 was positively connected
with the number of branches per plant, the
length, width, and the number of ovules per
pod, and it explained 15.9% of the total
variation. In regard to plant height and
chlorophyll content, PC3 explained a
variation of 11.7%. In their assessment
(Tiwari ve Singh, 2019) employed principal
component analysis (PCA), and he found
that the top five PCs collectively accounted
for 75.53% of the variations. The first
principle component, which accounted for
44.0% of the total variance, was deemed to
be the most significant component. Days to
maturity, plant population per plot, number
of branches per plant, number of pods per
plant, pod width, and number of seeds per
pod were significant eigenvectors for PC1.
15.60% of the variation in genotypes was
contributed by the second main component.
Days to maturity had a beneficial impact on
PC2; in addition, plant height had a positive
impact on the third principal component,
which made for 15.13 percent of the
variation overall.

Besides that, for a multitude of
quantitative traits, such as days until
flowering, plant height, number of stems
per plant, pods per node, seeds per pod, pod
length, and 100-seed weight, among others,
the first three principal components (PCs)
attributed for 40.56% of the total variation,
of which PC1, PC2, and PC3 explained
20.64, 11.22, and 8.70% of the variation
among 21 populations of faba bean (Rebaa
et al.,, 2017). Moreover, Girgel (2021)
discovered that the cumulative ratio of the
three primary components in the entire

variance was 73.780%. Of the overall
variation, the first main component
accounted for 37.899%. (PC1). 19.975% of
the overall variation was explained by the
second principle component (PC2). The
highest coefficients in the first principal
component were for the number of pods per
plant, pod length, branch number, first pod
height, and thousand seed weight.

The PCA method has been employed in
numerous studies, including (Madakbas et
al., 2010; Tiwari and Singh, 2019; Zayed et
al.,, 2022; Sharan et al.,, 2021) which
highlights how crucial it is for quickly
grouping  genotypes  with  similar
characteristics.

5. Conclusion

To sum up, the knowledge of the
genetics concerning interesting
agronomical traits of faba beans is very
important for breeding programs. Indeed
our investigation based on many types of
analysis including the ANOVA analysis
and the means squares showed that it was a
wide range of genetic variation for almost
the assased traits among the genotypes, in
addition, the correlations and principal
compound analysis between variables made
a view of the possibility of improving a set
of many traits at once, what makes our study
so valuable for breeding programs and the
development of new height-yielding
cultivars to meet the demand of a growing
global population. The broad bean
genotypes used as material in the study were
evaluated in terms of anthracnose disease.
Moreover, none of the varieties used as
material in  our research  showed
anthracnose disease.
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Abstract

Plants are used in the treatment of various diseases thanks to the
active substances they contain. This study was conducted for the first
time and evaluated the potential anticancer and antimicrobial
activities of methanol extracts of the leaf and flower parts of
Verbascum napifolium, an endemic species in the flora of Turkey.
The antimicrobial activities were evaluated by the disc diffusion
method and by determining the minimal inhibitory concentration
(MIC). In all bacteria, flower methanol extract was found to be more
sensitive. Escherichia coli was determined to be more sensitive to
both extracts compared to all tested bacteria. These results suggest
that V. napifolium possess potential important anticancer and
antimicrobial activities. The anticancer activities the effect of
Verbascum napifolium flower and leaf methanol extracts on cell
viability in CaCo-2 and 1929 cell lines were determined by MTT
assay. Flower methanol extract of Verbascum napifolium showed a
better anticancer potential than the leaf methanol extract.
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1.Introduction

Plants have been used by people in all
ages for health, beauty, youth and other
purposes. With the knowledge accumulated
over the years, traditional medicine has
historically become widespread all over the
world and still remains the main source of
health for millions of people, despite the
great advances in modern medicine (WHO,
2013). The interest in natural compounds
obtained from plants with beneficial
medicinal properties such as antitumor,
antimicrobial, antioxidant and anti-
inflammatory is increasing day by day
(Bakkal1 et al., 2008). Endemic medicinal
plants have important and promising
phytochemical compounds for new product
development in the pharmaceutical
industry; therefore research on them is very
valuable. It has been reported that
Verbascum L. species are used for different
medical purposes such as diuretic,
expectorant, laxative, mucolytic, sedative,
sudorific and wound healing in Turkish folk
medicine (Sen-Utsukarct et al., 2018).
Verbascum species have been reported as a
source of abundant flavonoids and
saponins. Biologically active molecules
such as phenylethanoids, iridoid glycosides,
neolignan  glycosides and  spermine
alkaloids have also been found in several
species of mullein (Scarpati and Delle,
1963; Yabalak et al., 2022). Plants of the
genus Verbascum, known as mullein, are
biennial or perennial herbaceous plants and
sometimes  shrubs. This genus is
predominantly distributed in the temperate
regions of the Northern Hemisphere, with
approximately 360 species (248 species and
129 hybrids grow in Turkey). With 171
endemic species, the endemism rate in
Turkey 1s 69% (Baser, 2008). In another
study, this rate is given as 80% with 196
endemic species (Kiigiik et al., 2016).

Numerous biological properties have
been proven in different Verbascum
species: anti-inflammatory, antioxidant,

antimicrobial, antiviral, antinociceptive,
antitussive, etc. All activities are related to
plants’ chemical constituents, so there are a
lot of different compounds identified in
Verbascum species, grouped into classes:
saponins, iridoids, phenylethanoid
glycosides, monoterpene gluco sides,
flavonoids, etc. (Angeloni et al., 2021;
Grigorov et al., 2022). In many studies, the
antimicrobial effects of methanol, ethanol
and water extract obtained from Verbascum
species were found to be quite good (Turker
and Camper, 2002; Dulger et al., 2005;
Khan et al., 2011; Ghasemi et al., 2015;
Alahmer, 2017; Dulger and Dulger, 2018;
Sen-Utsukarci et al., 2018; Yabalak et al.,
2022; Donn et al., 2023). This makes a
potentially bioactive substance for many
industrial products of different extracts of
the plant. In this study, it aimed to
determine the anticancer, antibacterial and
antifungal activities of the methanol extract
of the leaf and flower parts of V. napifolium.
This is the first study of these extract, which
is an endemic plant of the V. napifolium
anticancer and antimicrobial potential of
these extract, to the Mugla region and used
by the public in traditional treatment.

2. Materials and Methods
2.1. Plant material and extraction

The flower and leaf parts of the boxed
plant samples were separated into very
small pieces with the help of a blender.
Afterwards, 10 g of sample was weighed
into erlenmeyer flasks and 100 mL of
methanol was added. The mouth parts of the
erlenmeyer flies were first wrapped with
aluminum foil and then with parafilm and
the erlenmeyers were placed in a shaking
water bath. It was kept in a shaking water
bath at 48-50°C for 6 hours. Afterwards, it
was filtered with the help of technical
blotter. The filtered samples were placed in
a lyophilizer operating at -54°C after the
alcohol evaporated in the rotary evaporator.
After 8-10 hours, the samples coming out of
the lyophilizer were scraped with the help
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of a spatula and transferred to capped glass
bottles. The samples were stored at -20°C
until they were used during the experiment
(Turan and Mammadov, 2018)

2.2. Antibacterial and antifungal activity
test

Antibacterial and antifungal activity of
the methanol extracts of V. napifolium was
evaluated using the paper disc diffusion
technique and by determining the minimal
inhibitory concentration (MIC).
Lyophilized bacteria and yeast were
obtained from the culture collection of the
Department of Basic and Industrial
Microbiology, Faculty of Science, Ege
University. Staphylococcus aureus ATCC
6538/P, Bacillus cereus CCM 99,
Escherichia coli ATCC 35218, and
Pseudomonas aeruginosa ATCC 27853
were used for antibacterial activity. C.
albicans ATCC 10239 strains were used for
antifungal activity.

2.2.1. Disc diffusion assay

The antibacterial activity of crude
methanol extracts from V. napifolium was
tested by the paper disc diffusion technique.
(Collins and Lyne, 1987; Bradshaw, 1992;
Karaalp et al., 2009; Kaya et al., 2010). The
extracts were dissolved in DMSO, and then
20 pL of each extract (0.8 pg mL’!
concentrations) of V. napifolium were
absorbed onto sterile 6-mm diameter filter
paper discs (Schleicher and Schiill, Nr
2668, Dassel, Germany). Bacterial strains
were pre-cultured on Muller Hinton Broth
medium (Merck) and incubated for 24 h at
37 +£0.1°C. Candida strains were pre-culted
on Sabouraud Dekstroz Broth (Merck) and
incubated for 48 h at 25 £+ 0.1 °C.
Autoclaved Mueller- Hinton Agar (Merck)
was added to sterile plates under suitable
conditions, and it was allowed to solidify
under aseptic conditions. The turbidity of
bacteria and fungi was prepared according
to McFarland 0.5 scale to obtain a standard
inoculum. Then 0.1 mL of the test

organisms were inoculated with a sterile
drigalski spatula on the surface of the
appropriate solid medium in the plates. The
sterile disks impregnated with different
extracts were then placed on the agar plates
and incubated at 37 £ 0.1 °C for 24 h. The
sterile disks impregnated with other extracts
were then placed on the agar plates and
incubated at 25 + 0.1 °C for 48 h to measure
antifungal activity. The inhibition zone
(mm) of antibacterial and antifungal
activity against test organisms was
measured and evaluated. All experiments
were done under sterile conditions in
duplicated. Erythromycin and Ampicillin
(Oxoid) (10 mg disc™!) were used as positive
controls. DMSO, methanol were used as
negative control.

2.2.2 Determination of MIC values

Minimal inhibitory concentration (MIC)
values of bacterial and fungal strains
sensitive to V. napifolium were determined.
In line with these objectives, a micro-
dilution experiment was performed for
Verbascum samples according to the
procedures developed by the National
Clinical Laboratory Standards Committee
(Atlas, 1995; Karaalp et al., 2009; Kaya et
al., 2010). Dilution series of the extracts
were prepared by thawing from 5000 mL
DMSO in test tubes and then transferred to
the broth in 96-well microtiter plates. Plant
extracts were tested at 4/5000 pg mL’!
concentrations. Final concentrations in the
medium were 200 pg mL-!'. Before the
inoculation of the test organisms, the
bacteria strains and yeast strain were
adjusted to 0.5 McFarland standards and
diluted 1:100 (v v'!) in Mueller—Hinton
broth and Saboraud dextrose. The 96-well
plates were prepared by dispensing extract
into each well of broth and the inocula to
obtain 1 x 108 CFU mL!. Extract prepared
at the concentration of 128 pg mL"' was
added into the first wells. Then its serial
dilutions (128, 64, 32, 16, 8,4, 2, and 1 pg
mL") were transferred into the consecutive
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wells. Plates were incubated at 37°C for 18—
24 h and at 25°C for 48 h for the yeast. All
the tests were performed in broth and
repeated twice. The MIC was defined as the
lowest concentration that showed clear
against a black background (no visible
growth). The MIC was defined as the lowest
concentration of an extract or a substance to
inhibit the growth of microorganisms after
18-24 h and 48 h for the yeast.

2.3. MTT assay

Caco-2 (colorectal cancer cell line,
ATCC) and L929 (mouse fibroblast cell
line, ATCC) cell lines were cultured in
RPMI-1640 (Roswell Park Memorial
Institute-1640) medium  (Diagnovum,
Germany) which was contained 10% heat-
inactivated fetal bovine serum (Diagnovum,
Germany) and penicillin-streptomycin (100
U mL! - 100 pg mL"') (Capricorn,
Germany). The cells were maintained at
37°C in a humidified incubator with 5%

COz. For the MTT test, the CaCo-2 and
L1929 cell lines were seeded at 2x10*
cells/well with 200 pL of 96-well
microplates. After the cells were incubated
for 24 hours, 20 pL of the respective
concentrations of each extract was added to
the corresponding wells. After the 24-hour
incubation period was completed, the
medium in the wells was removed and 100
uL of the fresh medium was added to each
well. Then, 10 uL of MTT (5 mg mL') was
added to each well and the microplates were
incubated in a CO2 incubator for 4 hours.
After the incubation period was completed,
100 pL of DMSO was added to each well.
After shaking the microplates at 150 rpm for
6 minutes, absorbance (Abs) was measured
with a spectrophotometer at a wavelength of
540 nm. The results were expressed as %
cell viability according to the formula
below (Ugur et al., 2017). ICso values were
calculated using SPSS (version 22.0) using
the obtained results.

% Cell viability = (Average of Abs treated cells)/(Abs control group) x 100

2.4. Statistical analysis

All assays were performed in 2
replicates. The mean + standard error and
ICso values was analyzed using Microsoft
Excel. ICso values in the HT-29 cell line for
each test substance were calculated with
SPSS (n.d.) statistical software (version
22.0).

3. Results and Discussion

3.1. Antibacterial and antifungal activity
assays

The antibacterial and antifungal
activities of V. napifolium methanolic
extracts evaluated by disc diffusion and
micro-well dilution techniques are reported
in Tables 1 and 2, respectively. The disk
diffusion test of both extracts of V.
napifolium ranged from 0.00 + 0.00 to 0.95
+ 0.00 mm across all bacterial strains. The

highest resistant to the leaf and flower
extracts tested was demonstrated by the
gram-negative  bacteria  Pseudomonas
aeruginosa with an inhibition zone of 0.95
+ 0.00 mm and the gram-negative bacteria
E. coli with an inhibition zone of, 0.70 +
0.20 mm, respectively. The most sensitive
bacteria to both extracts was gram (+)
Bacillus cereus. When we look at the
inhibition zones that we examined with
different extracts for Candida albicans, we
can say that the inhibition regions of flower
extracts are more effective than leaf
extracts. For both extracts, C. albicans disk
diffusion experiment was found to be 0.80
+ 0.00 mm in leaf extracts and 0.95 + 0.00
mm in flower extracts (Table 1). Turker and
Camper (2002) evaluated the antibacterial
activity of water, ethanol and methanol
extract of Verbascum thapsus leaves and
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their commercially available products
against  gram-negative  (Pseudomonas
aeruginosa, Klebsiella pneumonia, and
Escherichia coli) and gram-positive
bacteria (Staphylococcus aureus,
Staphylococcus epidermidis, and
Streptococcus pyogenes). They
recommended that aqueous extract of
decocted commercial leaf  material
exhibited inhibitory potential against all
tested Dbacterial strains excluding P.
aeruginosa and S. pyogenes. It maybe due
to the difference in extraction methods or
the difference in collecting time of plant
samples. In previous studies, the methanol
extracts of Verbascum species such as V.
gypsicola, V. chionophyllum, V. cilicium, V.
trapifolium, V. meinckeanum generally
have been reported to be more active Gram-
positive bacteria and the yeast than Gram-
negative bacteria (Dulger et al., 2005).

Ghasemi et al. (2015) reported that among
extracts their tested, V. thapsus methanolic
extract of leaf (100-400pg) had
comparatively higher growth inhibitory
potential against E. coli and S. pyogenes
than other extracts (aqueous and ethanol).
The ethanol leaf extract displayed growth
inhibitory activity against S. aureus. No
antibacterial or antifungal activities were
observed by the essential oil (100—400 pg).
Dulger and Dulger (2018) obtained
methanol extracts of Verbascum antinori
plant. The essences were effective against
Staphlococcus aureus ATCC 6538P,
Bacillus cereus ATCC 7064, Listeria
monocytogenes ATCC 15313, Micrococcus
luteus CCM169, but Escherichia coli
ATCC 10538, found that the Klebsiella
pneumonia UucCs7, Pseudomonas
aeruginosa ATCC 27853, Proteus vulgaris
ATCC 8427 bacteria.

Table 1. Antibacterial and antifungal activity of the methanolic extracts of Verbascum napifolium

by the disc diffusion method

Inhibition zone (mm)
Leaf Flower Standards
Microorganism Methanol | Methanol
. Amp. Erit. Nys. DMSO Meth.

(Gram reaction) Extract Extract
Antibacterial Activity
Staphylococcus aureus

0.90+0.00 | 0.90+0.23 | 2.10+0.06 | 2.85+0.00 - 0.70+0.23 | 1.40+0.00
(ATCC 6538/P) G (+)
Bacillus cereus

0.80+0.20 | 0.80+0.23 | 2.20+0.00 | 3.20+0.00 - 0+0.00 1.70+0.00
(CCM99) G (+)
Escherichia coli

0.70+0.00 | 0.80+£0.20 | 2.60+0.06 | 3.70+0.00 - 0+0.00 1.70+0.00
(ATCC 35218) G (-)
Pseudomonas
aeruginosa 0.80+£0.03 | 0.95+0.00 | 1.10+0.03 | 3.25+0.12 - 0.7+£0.20 1.20+0.00
(ATCC 27853) G (-)
Antifungal Activity
C. albicans

0.80+0.00 | 0.95+0.00 - 20+0.00 | 0.7+0.00 1.40+0.00
ATCC 10239

Amp.: Ampicillin (10 mg), Erit.: Erythromycin (10 mg), Nys: Nystatin (30 pug disc™'), DMSO: Dimethyl sulfoxide, Meth.: Methanol. Values (mean of two
replicates) indicate zone of inhibition in mm and include filter paper disc diameter (6 mm); G: gram reaction; “0”: no inhibition
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In the micro-well dilution assay (Tables
2), the MICs of the extracts are between 16
+ 0.00 and 32 + 0.00 pg mL"' and both
extracts appear to show significant activity
against the bacteria species tested and yeast.
MIC value was determined as 32 + 0.00 ug
mL! in all bacteria tested with the leaf
ethanol extract. Also a MIC value of 32 +
0.00 pg mL"' was detected in only C.
albicans for both extracts. These results
make us think that the reason why the
extracts we obtained are more effective in
fungi than all bacterial species is due to the
different cell morphology of the fungi. In
the literature, one of the first studies to
evaluate this property analyzed the effects
of methanolic extract of V. sinuatum
inflorescences against four Gram (+)
bacteria (Staphylococcus epidermidis, S.
aureus, Enterococcus faecalis, and Bacillus
subtilis) and eight Gram (-) bacteria
(Proteus vulgaris, Enterobacter aerogenes,

Enterobacter cloacae, Klebsiella
pneumoniae, Proteus mirabilis,
Pseudomonas  aeruginosa, Salmonella

typhi, and Citrobacter diversus). The results
of this study showed that the methanolic
extract is more effective against Gram (+)
bacteria ~ with  minimum inhibitory
concentrations (MICs) ranging from 16 pg
mL! for S. epidermidis to 128 pg mL"! for
Bacillus subtilis. On the other hand, MIC
values for Gram (-) bacteria varied between
64 to 256 ug MI! (Senatore et al., 2007).
Furthermore, Khan et al. (2011) studied the
antimicrobial activity of V. thapsus aerial
part methanolic extract (15 mg ml™') against
selected Gram-positive and Gram-negative
bacteria and reported the minimum
inhibitory concentration (MIC) of V.
cholera (10 mg ml™"), S. aureus (1 mg ml™),
B. subtilis (1 mg ml™"), P. aeruginosa (1 mg
ml), K. pneumonia (12.5 mg ml™") and E.

coli (15mg ml'). Similarly, extract also
exhibited growth inhibitory activity of
tested fungal strains, such as R. solani
(64%), A. flavus (58%), A. niger (25%) and
A. fumigatus (23%) (Khan et al., 2011).
Nofouzi et al. (2016), Verbascum
Speciosum has obtained methanol extract
by dusting the leaves of the plant. They
observed that these extracts inhibited the
development of Staphylococcus Aureus
ATCC 6538, Listeria Monocytogenes
ATCC 191118, Bacillus Anthracis, Bacillus
Cereus and Salmonella Typhimurium
ATCC 13311. In a previous study,
represents a comparison of the activity
profiles of 5 Verbascum species (V.
densiflorum Bertol., V. gnaphalodes Bieb.,
V. lagurus, V. phlomoides L., V.
xanthophoeniceum Griseb.). All extracts
were tested for their antimicrobial activity
against Gram positive/Gram negative
bacteria and yeast. The extracts of V.
phlomoides and V. densiflorum Bertol. were
active against all Gram positive bacteria (S.
aureus, S. epidermidis, E. faecalis),
generally. V. phlomoides L. methanol
extracts and V. densiflorum Bertol.
methanol extracts were found active against
S. aureus and S. epidermidis as well as V.
densiflorum Bertol. etroleum ether extracts
against S. epidermidis and E. faecalis. The
extracts of V. phlomoides L. were more
active against Gram positive bacteria than
the V. densiflorum Bertol. extracts (Sen-
Utsukarci et al., 2018). Yabalak et al. (2022)
reported that among extracts their tested, a
biological analysis was applied to evaluate
the antimicrobial action of the extracts of V.
pseudoholotrichum on several pathogens.
The results showed that V.
pseudoholotrichum is a good candidate for
antimicrobial practices.
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Table 2. Antibacterial and antifungal activity of the ethanolic extracts of Verbascum napifolium by

micro- well dilution assay (MIC)

Leaf Methanol Flower Methanol
Standards (ug mL")
Extract (ug mL1) Extracts (ug mL™)
Meth. Meth. DMSO Control Meth.
Antibacterial Activity
Staphylococcus aureus
32+0.00 16 +0.00 0+0.00 | 0£0.00 0+£0.00
(ATCC 6538/P) G (+)
Bacillus cereus
32 £0.00 16 +0.00 0+0.00 | 0£0.00 0+0.00
(CCM99) G (+)
Escherichia coli
16 £0.00 16 +0.00 0+0.00 | 0£0.00 0+£0.00
(ATCC 35218) G (-)
Pseudomonas aeruginosa
32+0.00 16 = 0.00 0+0.00 | 0£0.00 0+£0.00
(ATCC 27853) G (-)
Antifungal Activity
C. albicans (ATCC 10239) 32 +0.00 32+0.00 0+0.00 | 0£0.00 0+0.00

G: gram reaction; DMSO: Dimethyl sulfoxide, Meth.: Methanol, Concentration range (128-1 ug mL), ‘0’: No inhibition

3.2 Effects of the extracts on cell viability
of CaCo-2 and L.929

It is known that plants have been used in
the treatment of cancer since ancient times.
Compounds found in extracts obtained from
plants wused for this purpose show
significant anticancer activity (Igbal et al.,
2017). In previous studies, compounds
found in extracts from plants have
anticancer effects. (Cragg and Newman,
2005) Although there are studies on species
belonging to different Verbascum genus in
the literature, no anticancer studies have
been found on the V. napifoluim species
used. In this study, the effects of methanol
extracts of Verbascum napifoluim leaf and
flower part on cell viability in CaCo-2 and
L929 cell lines were investigated by MTT
assay for 24, 48 and 72 hours and the 1Cso
values of the extracts in cells were
calculated. Six different concentrations
were tested for leaf and flower methanol
extract in CaCo-2 and L929 cell lines. Leaf
and flower methanol extracts of V.
napifolium were found to decrease cell

viability depending on time and
concentration in the CaCo-2 cell line, and
the decreases in ICso value supported this.
The ICso values of the leaf methanol extract
at 24, 48 and 72 hours in this cell line were
calculated as approximately 0.931, 0.664
and 0.250 mg mL"!, respectively. The ICso
values of the flower methanol extract at 24,
48 and 72 hours in the CaCo-2 cell line were
calculated as approximately 0.086, 0.075
and 0.049 mg/mL, respectively. When the
ICso values of the leaf and flower extracts
are examined, it is seen that the flower
methanol extract has a more cytotoxic effect
than the leaf methanol extract against Caco-
2 cells. It was observed that the cell viability
decreased depending on the concentration
when treated with flower methanol extract
at different concentrations and times in the
L929 cell line. The ICso values of the flower
methanol extract at 24, 48 and 72 hours in
the 1929 cell line were calculated as
approximately 0.118, 0.170 and 0.062
mg/mL, respectively. In addition, leaf
methanol extract had a greater effect on the
reduction of cell viability of Caco-2 cell line
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after 24 and 48 hours of incubation
compared to the mouse fibroblast cell line
L929. Cell viability did not fall below 50%
in L929 cell line treated with leaf extract
(0.9-0.028 mg mL"), and so ICso value did
not calculate. One study reported that
although methanol extract obtained from
Verbascum genus showed cytotoxic effect
against SK-MEL cell line, it was ineffective
against SK-OV-3 cell line (Tatlh and
Akdemir, 2006). Iliescu et al. (2020)
reported that methanol extract from aerial
parts of Verbascum nigrum did not affect the

el Vil L)

ol Vit [ %)

cytotoxicity of HaCaT cells, but showed a
significant effect on A431 cells. In a
different study, the cytotoxicity of V.
sinaiticum flower extracts prepared with
different solvents against MCF-7 was
examined and it was seen that the ethanol
extract showed the best cytotoxicity. It was
also reported that the hydroethanolic leaf
extract of the same plant showed the best
cytotoxic effect against HepG2 and MRC-5
cell lines (Tauchen et al., 2015). Based on,
the effects of extracts obtained from plants
vary according to cell lines.
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Figure 1. Effect of Verbascum napifolium leat and flower methanol extract on cell viability in CaCo-2 and L929 cell

4.Conclusion

The anticancer and antimicrobial
potential of methanol extracts of leaf and
flower parts of Verbascum napifolium from
Mugla has been demonstrated for the first
time. Furthermore, a biological analysis
was applied to evaluate the antimicrobial
action of the extracts of Verbascum
napifolium on several pathogens. The
results showed that Verbascum napifolium
is a good candidate for antimicrobial
practices.

The highest resistant to the leaf and
flower extracts tested was demonstrated by

lines

the gram- negative bacteria Pseudomonas
aeruginosa with an inhibition zone of 0.95
+ 0.00 mm and the gram-negative bacteria
E. coli with an inhibition zone of, 0.70 £
0.20 mm, respectively. The most sensitive
bacteria to both extracts was gram (+)
Bacillus cereus. The MICs of the extracts
are between 16 = 0.00 and 32 + 0.00 pg mL-
' and both extracts appear to show
significant activity against the bacteria
species tested and yeast. MIC value was
determined as 32 + 0.00 pg mL' in all
bacteria tested with the leaf ethanol extract.
Also a MIC value of 32 = 0.00 ug mL™! was
detected in only C. albicans for both
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extracts. In conclusion, when looking at its
anticancer effects, flower methanol extract
of Verbascum napifolium showed better
anticancer potential than leaf methanol
extract. As a result, it is predicted that future
studies with Verbascum napifolium can be a
research resource in the field of
biotechnology. It is seen that this plant is a
potential bioactive agent in many industrial
application areas such as  food,
pharmacology, biotechnology and
chemistry. It has been shown that it has
suitable components in the treatment of
virucidal diseases.

Declaration of Author Contributions

The authors declare that they have
contributed equally to the article. All
authors declare that they have seen/read and
approved the final version of the article
ready for publication.

Declaration of Conflicts of Interest

All authors declare that there is no
conflict of interest related to this article.

Acknowledgements

We would like to thank Assoc. Prof. Dr.
Mehlika Alper for their valuable comments.

Referanslar

Alahmer, N. 2017. Verbascum cinsine ait
baz tiirlerin antimikrobiyal aktivitesinin
incelenmesi.  Yiiksek lisans tezi,
Kastamonu Universitesi Fen Bilimleri
Enstitiisti, Kastamonu.

Angeloni, S., Zengin, G., Sinan, K.I., Ak,
G., Maggi, F., Caprioli, G., Kaplan, A.,
Bahs, M., Cakilcioglu, U., Bouyahya,
A., Jugreet, S., Mahomoodally, M.F.,

2021. An insight into Verbascum
bombyciferum extracts: different
extraction methodologies, biological

abilities and chemical profiles. Industrial
Crops and Products, 161: 113201.

Atlas R. M., Parks L. C., Brown A. E. 1995.
Laboratory Manual of Experimental

Microbiology, Mosby-Year Book Inc.,
USA, 25.

Bakkali, F., Averbeck, S., Averbeck, D.,
Idaomar, M., 2008. Biological effects of
essential oils—a review. Food And
Chemical Toxicology, 46(2): 446-475.

Baser, K.H.C., 2008. Sigirkuyrugu
(Verbascum sp.). Bagbahge. 61:22-23.

Bradshaw, L.J., 1992. Laboratory
Microbiology, 4th ed. New York USA,
Emeritus California State University,
Saunders College Publishing, Fullerton.

Collins CM, Lyne PM. 1987.
Microbiological Methods. Butterworths
and Co. Ltd., London.

Cragg, G.M., Newman, D.J., 2005. Plants
as a source of anti-cancer
agents. Journal of
Ethnopharmacology, 100(1-2): 72-79.

Donn, P., Barciela, P., Perez-Vazquez, A.,
Cassani, L., Simal-Gandara, J., Prieto,
M.A., 2023. Bioactive Compounds of
Verbascum sinuatum L.: Health Benefits
and Potential as New Ingredients for
Industrial Applications. Biomolecules,
13(3): 4217.

Dulger, B., Dulger, G., 2018. Antibacterial
Activity of  Verbascum  antinori.
Konuralp Tip Dergisi. 10(3): 395-398.

Dulger, B., Ugurlu, E., Aki, C., Suerdem, T.
B., Camdeviren, A., Tazeler, G., 2005.
Evaluation of antimicrobial activity of
some endemic Verbascum., Sideritis.,

and Stachys. species from Turkey.
Pharmaceutical biology, 43(3): 270-274.

Ghasemi, F., Rezaei, F., Araghi, A.,
Abouhosseini, T.M., 2015.
Antimicrobial activity of aqueous-

alcoholic extracts and the essential oil of
Verbascum thapsus L. Jundishapur
Journal of Natural Pharmaceutical
Products, 10(3): 3.

143



Taskaya et al.

Grigorov, M., Pavlovi¢, D., Tadi¢, V.,
Nesié, 1., Zlatkovi¢, B., 2022. Chemical
composition of the ethanol extracts of
Verbascum niveum flowers and leaves.

Macedonian Pharmaceutical Bulletin,
68: 381-382.

Iliescu, I.A., Peter, S., Albert, 1., Skalicka-
Wozniak, K., Miron, A., Luca, S.V.,
Wolfram, E., 2020. Verbascum nigrum:

cytotoxicity  evaluation in  A431
epidermoid  carcinoma cells and
untargeted LC-HR-MS/MS metabolite
profiling. Chemistry &

Biodiversity, 17(12): €2000644.

Igbal, J., Abbasi, B.A., Mahmood, T.,
Kanwal, S., Ali, B., Shah, S.A., Khalil,
A.T., 2017. Plant-derived anticancer
agents: A green anticancer
approach. Asian  Pacific Journal of
Tropical Biomedicine, 7(12): 1129-
1150.

Karaalp, C., Yurtman, A.N., Yavasoglu
Karabay, N.U., 2009. Evaluation of
antimicrobial properties of Achillea L.
flower head extracts. Pharmaceutical
Biology, 47(1): 86-91.

Kaya, G.I., Somer, UN., Konyalioglu, S.,
Yalcin, T.H., Yavasoglu Karabay, N.U.,
Sarikaya, B., Oniir, M.A., 2010.
Antioxidant and antibacterial activities
of  Ranunculus  marginatus  var.

trachycarpus and R. sprunerianus.
Turkish Journal of Biology, 34: 139-146.

Khan, A.M., Qureshi, R.A., Gillani, S.A.,
Ullah, F., 2011. Antimicrobial activity of
selected medicinal plants of Margalla
Hills, Islamabad, Pakistan. Journal of
Medicinal Plants Research, 5(18):
4665—4670.

Kiiciik, S., Ozdemir, F., Iscan, G., Incesu,
Z., 2016. Determination of Cytotoxic
and Anticandidal Activities of Three
Verbascum L. Species from Turkey: V-
cheiranthifolium Boiss. var. asperulum
(Boiss.) Murb. Monorg., V-
pycnostachyum Boiss. & Heldr and V-

orgyale Boiss. & Heldr. Turkish Journal
of Pharmaceutical Sciences, 13(3).

Nofouzi, K., Mahmudi, R., Tahapour, K.,
Amini, E., Yousefi, K.  2016.
Verbascum  speciosum  methanolic
extract: Phytochemical components and
antibacterial properties. Journal of
Essential Oil Bearing Plants, 19(2):
499-505.

Scarpati, M.L., Delle Monache, F., 1963.
Isolation from Verbascum sinuatum of
two new glucosides, verbascoside and

isoverbascoside. Annales de Chimie, 53:
356-367.

Senatore, F., Rigano, D., Formisano, C.,
Grassia, A., Basile, A., Sorbo, S., 2007.
Phytogrowth-inhibitory and antibacterial
activity of  Verbascum  sinuatum.
Fitoterapia, 78(3): 244-247.

Sen-Utsukarci, B., Dosler, S., Taskin, T.,
Abudayyak, M., Ozhan, G., Mat, A.,
2018. Tirkiye'deki bes Verbascum
tiiriniin ~ antioksidan, antimikrobiyal,
antibiyofilm ve sitotoksik aktivitelerinin
degerlendirilmesi. Farmacia, 66: 1014-
1020.

SPSS (n.d.) IBM SPSS Statistics for
Windows, Version 22.0, Armonk, NY

Tatly, 1.1., Akdemir, Z.S., 2006. Cytotoxic
activity on some Verbascum species
growing in Turkey. Hacettepe
University Journal of the Faculty of
Pharmacy, (2): 77-86.

Tauchen, J., Doskocil, 1., Caffi, C., Lulekal,
E., Marsik, P., Havlik, J., ... & Kokoska,
L., 2015. In vitro antioxidant and anti-
proliferative  activity of Ethiopian
medicinal  plant  extracts. Industrial
Crops and Products, 74: 671-679.

Turan, M., Mammadov, R., 2018.
Antioxidant, antimicrobial, cytotoxic,
larvicidal and anthelmintic activities and
phenolic  contents of  Cyclamen
alpinum. Pharmacology &

Pharmacy, 9(04): 100.

144



Turker,

Ugur,

Taskaya et al.

AU, Camper, N.D., 2002.
Biological activity of common mullein, a
medicinal plant. Journal of
Ethnopharmacology, 82(2): 117-125.

D., Gines, H., Giines, F.,
Mammadov, R., 2017. Cytotoxic
Activities of Certain Medicinal Plants on
Different Cancer Cell Lines. Turkish

Journal of Pharmaceutical Sciences,
14(3): 222-230.

WHO 2013. WHO traditional medicine

strategy: 2014-2023. Geneva: World
Health Organization.

Yabalak, E., Ibrahim, F., Eliuz, E.A.E.,

Everest, A., Gizir, A.M., 2022.
Evaluation of chemical composition,
trace element content, antioxidant and
antimicrobial activities of Verbascum
pseudoholotrichum. Plant Biosystems-
An International Journal Dealing with
all Aspects of Plant Biology, 156(2):
313-322.

Taskaya, A., Sahin, B., Ceyhan Giivensen, N., Mammadov, R., 2023. A Preliminary

To Cite

Study on Anticancer and Antimicrobial Potential of Methanolic Extracts of Verbascum

napifolium. ISPEC Journal of Agricultural Sciences, 7(1): 135-145.
DOI: https://doi.org/10.5281/zenodo.7749361.

145



ISPEC Tarim Bilimleri Dergisi, 7(1): 146-157, 2023
ISPEC Journal of Agricultural Sciences, 7(1): 146-157, 2023 @ O6
DOI: https://doi.org/10.5281/zenodo.7756051 ‘

Ikinci Uriin Kosullarinda Baz1 Aycicegi (Helianthus annuus L.) Cesitlerinde Farkli Azot
Dozlarmin Verim ve Verim Unsurlar: Uzerine Etkisi

Ahmet AYDOGDU"", Hasan HALILOGLU'
"Harran Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Boliimii, Sanliurfa
*Sorumlu Yazar (Corresponding author): ahmetaydogdu6363 @ gmail.com

Ozet Arastirma Makalesi
Bu ¢alisma, ikinci lirlin kosullarinda bazi aygicegi (Helianthus annuus L.)
¢esitlerinde farkli azot dozlarinin verim ve verim unsurlar1 iizerine
etkisini arastirmak amaciyla tesadiif bloklarinda boliinmiis parseller
deneme deseninde ii¢ tekrarlamali olarak kurulmustur. Aygicegi cesitleri
(Bosfora, P64LE119 ve LG5582) ana parselleri, azot dozlari (0, 5, 10, 15,
20 kg da’!) ise alt parselleri olusturmustur. Calismada; en yiiksek bitki Makale Tarihgesi
boyu LG5582 ¢esidi ile 15 ve 20 kg da'! N uygulamalarindan, bitkide en Gelis Tarihi 1 11.11.2022
yiiksek tane verimi LG5582 cesidi ve 20 kg da! N dozundan, en yiiksek Kabul Tarihi :31.12.2022
tohum verimi LG5582 ¢esidi ile 15 ve 20 kg da' N uygulamalarindan, en
yiiksek bin tane agirhigi P64LE119 ¢esidinden ve 20 kg da! N
uygulamasindan, en yiiksek hektolitre agirhg 15 ve 20 kg da'! N
uygulamalarindan, en yiiksek protein orani Bosfora gesidinden, en
yiiksek yag oram 15 kg da' N uygulamasindan elde edilmistir. Sonug Anahtar Kelimeler
olarak tohum verimi ve yag orani bakimindan LG5582 ¢esidi ve 15 kg Aycicegi
da’! saf N uygulamasinin 6nerilmesi gerektigi sonucuna ulasilmustir. azot dozu
gesit
verim
yag orani

The Effect of Different Nitrogen Doses on Yield and Yield Components of Some
Sunflower (Helianthus annuus L.) Cultivars Grown as Second Crop

Abstract Research Article
This study investigated the effects of different nitrogen doses on yield
and yield components of some sunflower (Helianthus annuus L.)
cultivars grown as second crop. The experiment was laid out according
to randomized complete block design with split plot arrangements and
three replications. Sunflower cultivars (i.e., ‘Bosfora’, ‘P64LE119’ and

‘LG5582”) were kept in the main plots, whereas nitrogen doses (0, 50, Artic.le History
100, 150, 200 kg N ha™') were randomized in sub plots. Results revealed Received 1 11.11.2022
that the highest plant height and seed yield were recorded for ‘LG5582° Accepted :31.12.2022

cultivar with 150 and 200 kg N ha™!. The highest seed yield per plant was
obtained from ‘LG5582’ cultivar and 200 kg N ha™'. The highest 1000
seed weight was obtained from ‘P64LE119’ cultivar and 200 kg N ha™’.
Similarly, the highest hectoliter weight was obtained for 150 and 200 kg

N ha!. Likewise, the highest protein ratio was obtained from ‘Bosfora’ Keywords
cultivar and the highest oil ratio was recorded for 150 kg N ha!. The S}lnﬂower
cultivar ‘LG5582” and 150 kg N ha! could be suggested for obtaining n1tr9gen doses
higher seed yield and oil ratio. cultivar

yield

oil ratio
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Aydogdu ve Haliloglu

1.Giris

Aycicegi (Helianthus annuus L.) 6nemli
bir yag bitkisi olmasinin yani sira ¢erezlik,
yag1 c¢ikarildiktan sonra elde edilen
kiispesinden hayvan yemi ve diger yan
tirtinleri ile ekonomik degeri nemli olan bir
endistri bitkisidir. Aygicegi, tohumlarinin
icerdigi yiiksek oranda (% 22-50) yag
miktar1 ile bitkisel ham yag iiretimi
bakimindan ¢ok 6nemli bir yag bitkisidir.
Ayc¢igeginin tohumundan yaginin
cikarilmasindan  sonra  geriye  kalan
kiispesinde yliksek bir oranda ham protein
icermesi dolayisi ile karma yem iiretiminde
de ¢cok onemli bir paya sahiptir (Aydogdu,
2019). Diinyada bitkisel ham yag
tiretiminde palm yagi, soya yagi ve kolza
yagindan sonra 4. sirada yer alan aygicegi,
bitkisel ham yag {retiminin %11 ini
karsilamaktadir. Diinyada 27 milyon ha’lik
alanda 57 milyon ton aygicegi yagli tohumu
elde edilmis olup ortalama verim 1.608
kg/ha’dir (FAO, 2021). Tiirkiye’de tarimi
yapilan yagli tohumlu bitkilerde; ekim alani
ve {lretim yoniinden 1. siray1 aygigegi
almakta ve iretilen bitkisel yaglarin
yaklasik %701 de aycicegi bitkisinden elde
edilmektedir (Anonim, 2023). 2021 yilinda,
751.600 ha’lik alanda 2.067,064 tonluk
tretimi yapilmis olup verimi ise 2.790
kg/ha olarak diinya ortalamasinin iizerinde
gerceklesmistir (FAO, 2021). Tirkiye’de
aycicegi yagi tilkketimi yaklasik 950 bin ton
civarindadir. Ancak, iilke liretiminden 530
bin ton yag elde edilmekte olup 420 bin ton
acig1 ise yagh tohum, ham yag ve kiispe
olarak ithal edilmektedir (TUIK, 2023).
Ulkemizde aycicegi tariminin  genis
alanlarda  yapilabiliyor olmasi, ekim
alanlarmi artirmak i¢in biiyiik kolaylik
saglamaktadir. Aycicegi bitkisinin
iretiminin ¢ok az yapildigr bdlgelerde
alternatif bitki olarak c¢ift¢ilere sunulmasi,
dolayist ile yag agigmin kapatilmasinda
onemli rol oynayabilir.

Tiirkiye topraklarinin organik madde
bakimindan fakir olmasi, toprakta mevcut

bitki besin elementlerinin de iklimsel
kosullarin etkisi ve yapilan tarimsal
faaliyetler sonucu topraklarin

verimliligindeki diislisii engellemek i¢in
diger bitkilerde oldugu gibi aycicegi
tariminda da uygun giibre dozunun, dogru
zamanda uygulanmasiyla bitki gelisimi ile
verimde ideal seviyelere ulasilabilmektedir.
Tarimsal faaliyetlerde {iiretimi artirmak
amaciyla uygulanan giibrelerin, yanlis ve
bilingsiz sekilde kullanilmas: sonucu birgok
cevre sorunu meydana gelmektedir.
Uretimin baglangicinda tarimsal  verimi
artirmis olmasina karsin, ileriki yillarda
toprak  verimliliginde diisiise neden
olmustur. Bu olaymn sebeplerinden birisi
topragin yapisini tanimadan ve de analiz
dahi etmeden yapilan hatali giibreleme ile
topraga gereginden fazla miktarda verilmesi
sonucu olusmaktadir. Bilingsiz bir sekilde
yapilan giibrelemeyle toprak pH’smin
degismesine, hatta toprakta var olan bitki
besin maddesi dengesinin bozulmasina ve
toprakta yasayan makro ve mikro faunanin
zarar gdrmesiyle canli yasaminin olumsuz
bir sekilde etkilenmesine sebep olmaktadir.
Ayrica hatali giibreleme ile ekonomik
kayiplar meydana gelmektedir (Aydogdu,
2019).

Diinya’daki topraklarin  biiyiik  bir
boliimiinde azot eksikligi s6z konusudur.
Organik madde miktar1 ¢ok diisiik diizeyde
olan Tirkiye topraklar1 azot bakimindan
oldukca fakirdir (Bolat ve Kara, 2017).
Tiirkiye  topraklarinda  bitki  besin
elementlerinden azotun diger bitki besin
elementlerine nazaran daha az miktarda
bulunma sebebi buharlasma ve sulama
esnasinda yikanma ile topraktan yitmesidir.
Aycicegi mahsulii i¢in tiim besinler
onemlidir, ancak bitki bliytimesi ve gelisimi
i¢in temel besin elementi azottur. Bu besin,
amino asitler, proteinler, niikleik asitler ve
enzimler gibi bitki hiicrelerinin yapisal ve
metabolik unsurlarini olusturur. Aygigegi
bitkisine artan azot dozlarinin verimi, farkl
cevre kosullarina (6zellikle iklim, toprak
tipi, toprak nemi, topraktaki kalan giibre
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artiklar1 miktar1 ve Ozellikle nitrat) ve
ceside gore farklilik gostermektedir. Azot
birgok bliylime parametrelerini etkileyip
bitkilerin tohum ve yag verimini
artirmaktadir  (Kialli,  2004).  Cesitli
calismalar, azot uygulamalar1 ile tohum ve
yag veriminde % 40’a kadar artislar
oldugunu gostermistir (Yassen ve ark.,
2011). Asir1 azot kullanilmasi bitkinin
vejetatif ve generatif gelisimi arasinda
dengesizlige neden olmakta, kontrolsiiz
vejetatif biiylimeyi uyarmakta ve bitkinin
olgunlagsmasini geciktirmektedir (Nasim ve
ark., 2016). Aygigeginin azotlu
giibrelemeye verdigi tepkilerdeki genis
cesitlilik, farkli iiretim kosullar1 i¢in bu
besin maddesinin optimum seviyelerinin
daha 1iyi ayarlanmasi i¢in c¢alismalara
ihtiyag oldugunu gostermektedir (Gao ve
ark., 2012). Yetistirme kosullarma ek
olarak, c¢esitler arasinda azot kullanim
etkinligi acisindan farkliliklar vardir. Bu
gercek, tam olarak bilinmeyen diger
faktorlerin yani sira, bitkilerin besin alimi
ve  translokasyonu  sirasinda  farkh
mekanizmalart  uyarma  kabiliyetinden
kaynaklaniyor olabilir (Fageria ve ark.,
2008). Kimyasal azotlu giibre maliyetinin
artmasi ve olumsuz ¢evresel faktorlerin azot
kayiplarinin etkileri hakkindaki
endiselerden dolay1 azot yOnetimin iyi
ayarlanmasim1  gerektiriyor. Bu nedenle
aycicegi yetistiriciligi yapilacak yerde en

uygun ¢esit ve uygun azot dozunun

belirlenmesi son derece Onem arz
etmektedir.Bu  caligma, ikinci  {iriin
kosullarinda baz1 aycicegi (Helianthus
annuus L.) c¢esitlerinde farkli azot

dozlarinin verim ve verim unsurlari lizerine
etkisini belirlemek ve bundan sonra
yapilacak caligmalara destek olmasi
amaciyla yapilmistir.

2. Materyal ve Yontem

Deneme, 2017 y1l1 yetistirme sezonunda,
ikinci {iriin olarak Harran Universitesi
Ziraat Fakiiltesi Arastirma ve Uygulama
Alanr’nda yiiriitiilmiistiir. Deneme yerinin
kordinatlari; 37° 10" 31" N (kuzey) ve 38°
47" 57" E (Dogu)’dir. Arastirmada,
materyal olarak 3 yaghk aycicegi
(Helianthus annuus L.) ¢esidi (Bosfora,
P64LE119 ve LG5582) ve azot olarak %
46’hk {ire giibresi materyal olarak
kullanilmigtir. Deneme alanina, azot
giibresi olarak % 46’lik iire gilibresi ve
fosfor giibresi olarak %42’lik triple siiper
fosfat  (P20s)  giibresi  kullanilmugtir.
Deneme alan1 genel olarak killi ve killi tinli
bilinyeye sahip olan toprak yapisinda, toprak
pH’s1 7.92 olup toprak Orneginin organik
madde kapsami ise % 1.12 civarindadir
(Anonim, 2017). Deneme yerinden alinan
toprak Orneklerinden elde edilen analiz
sonucu ve bu topraklara ait bazi fiziksel ve
kimyasal 6zellikler Tablo 1°de verilmistir.

Tablo 1. Deneme yerine ait topraklarin bazi fiziksel ve kimyasal 6zellikler

Derinlik pH  Organik EC Degisebilir katyonlar N Kireg Tekstiir
(cm) Madde (ds m™) (me 100g™") (%)  (CaCO3) (%)
(%) Ca**  Mg* K+ % Kum  Silt  Kil
030 7.92 1.12 3.65 3032 5.86 824  0.12 29.6 24 28 48

Kaynak: Anonim, 2017

Deneme alaninda Akdeniz ve Kkarasal
iklim tipi goriilmekte, karasal iklimin etkisi
ile yazlart sicak ve kurak, kiglar1 ise genel
olarak 1lik ve yagish gegmektedir.

Tablo 2’den, ay¢igeginin gelisme siiresi

boyunca (Haziran-Kasim aylar1) ortalama
sicaklik 2017 yilinda, 13.4 °C ile 34.2 °C,

uzun yillar ortalamasi ise 13.1 °C ile 31.9
°C arasinda; maksimum sicakliklar 2017
yilinda, 24.5 °C ile 44.8 °C arasinda; uzun
yillar ortalamasi ise 30.8 °C ile 46.8 °C
arasinda olusmustur. Minimum sicakliklar
ise 2017 yilinda, 2.5 °C ile 22.4 °C; uzun
yillar ortalamasi, -6 °C ile 16 °C arasinda
degismis; ortalama yagis miktar1 2017
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yilinda, 0.0 mm ile 17.1 mm, uzun yillar
ortalamasi ise, 2.0 mm ile 44.3 mm arasinda
degistigi  goriilebilmektedir ~ (Anonim,
2018). 2017 yilinda, ortalama nisbi nem %
22.9 ile % 56.0; uzun yillar ortalamast %

29.3 ile % 58.8; 5 cm’deki toprak sicakligi
2017 yilinda, 14.2 °C ile 36.2 °C, uzun
yillar ortalamasi ise 13.4 ile 36.6 °C
arasinda degisim gostermistir (Anonim,
2018).

Tablo 2. Sanlurfa iline ait deneme donemi ve uzun yillar ortalamasina ait bazi iklim degerleri

Aylar Ort. Mak. Ort. Min.  Ort. Sic. Ort. Nisbi Ort. Yagis 5 cm’deki Toprak
Sic. (°C) Sic. (°C) (°C) Nem (%) (kg/mz) Sicakligr °C
Haziran 2017 41.8 17.8 29.7 27.0 00 31.7
Uzun Yillar Ort. 44.0 8.3 28.0 32.6 4.3 32.7
Temmuz 2017 43.5 224 342 22.9 0.0 36.2
Uzun Yillar Ort. 46.8 15.0 31.9 29.3 2.0 36.6
Agustos 2017 44.8 214 322 35.7 0.0 355
Uzun Yillar Ort. 46.2 16.0 31.5 32.1 33 35.9
Eyliil 2017 42.1 18.3 29.6 28.8 0.0 32.0
Uzun Yillar Ort. 42.1 10.0 27.1 35.1 4.7 30.7
Ekim 2017 30.9 11.3 20.5 36.9 17.1 24.2
Uzun Yillar Ort. 37.8 1.9 20.5 44.4 26.1 22.2
Kasim 2017 24.5 2.5 13.4 56.0 17.4 14.2
Uzun Yillar Ort. 30.8 -6.0 13.1 58.8 44.3 13.4

Kaynak: Anonim, 2018

Aragtirmanin yiiriitiildiigii alanda daha
once bugday ekilmis olup, bugday
hasadindan sonra golge tavinda pulluk ile
25-30 cm’lik bir derinlikte siirlim yapilmis
ve ekimden once diskaroyla kesekler
ufalanip parcalanmis, daha sonra da tapan
cekilip uygulama alan1 ekime uygun hale
getirilmistir. Aragtirma, tesadiif bloklarinda
boliinmiis parseller deneme desenine gore
lic tekrarlamali  olarak  kurulmustur.
Calismada aygigegi c¢esitleri (Bosfora,
P64LE119, LG5582) ana parselleri, azot
dozlar (0, 5, 10, 15, 20 kg da! N) ise alt
parselleri olusturmustur. Ekim 11 Temmuz
2017 tarihinde parsellere el ile yapilmistir.
Her parsel 4 siral1, 70 cm sira arasi ve 25 cm
sira lizeri mesafe olmak iizere 5 metre
uzunlugunda olusturulmustur. Denemede
dekara triple siiper fosfat % 42’lik
giibresinden 8 kg (P20s) saf gilibre deneme
alanina ekimle beraber ve farkli azot
dozlarinin (5 kg da' N, 10 kg da' N, 15 kg
da' N ve 20 kg da' N) yaris1 ekim ile
birlikte verilmistir. Deneme tava sulama
yontemi ile sulanmistir. Ekimden hemen
sonra ¢ikisin saglanmasi i¢in tav suyu
uygulamasi, bir hafta sonra da bir sulama
daha yapilmistir. Daha sonraki sulamalar

ise bitki 25-30 cm’ye ulastig1 zaman, tabla
olusum baglangici, cigeklenme baslangici
ve tane dolum baslangicinda olmak iizere
toplamda bes defa sulama yapilmistir. Bitki
boyu ortalama 10-15 cm oldugu doénemde
seyreltme ve tekleme islemi yapilmistir.
Azotlu giibre dozlarinin geriye kalan diger
yarist  bitkiler ortalama 25-30 cm
(07.08.2017) boylarina geldiginde verilmis
ve ayni tarihte de bitkilerin bogaz doldurma
islemi  yapilmistir. Denemede sulama
esnasinda farkli azot dozlu parsellerin su
vasitasi ile birbirine gecisini engellemek ve
bakim islemlerini kolaylastirmak i¢in
parseller arasinda 2 m, bloklar arasinda ise
3 m’lik bosluklar birakilmistir. Yabanci ot
yogunluguna bagli olarak 2 defa (seyreltme
ve bogaz doldurma doneminde) el gapasi
yapilmistir. Denemede kullanilan ¢esitler
ise sertifikali olup toprak alt1 zararlilarina
karsi ilaghh oldugundan ayrica koruma
amacli bir islem yapilmamistir. Denemede
herhangi bir hastalik veya =zararliya
rastlanilmamustir.

2.1.Arastirmada incelenen o6zellikler ve
yontemleri

Denemede, bitki boyu (cm), bitkide tane
verimi (g bitki'!), dekara tohum verimi (kg
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da!), bin tane agirhig1 (g), hektolitre agirhig:
(kg L'1), kabuk orani (%), protein orani (%),
yag oram (%) ve yag verimi (kg da™)
Ozellikleri Esendal (1981) ve Pahlavani
(2005)’ye gore belirlenmistir. Calismada
her bir 6zellik i¢in elde edilen veriler,
MINITAB istatistik programi yardimi ile
tesadiif bloklarinda boliinmiis parseller

deneme desenine gore varyans analizleri
yapilmis, ortalamalar ise Tukey-HSD
testine gore gruplandirimstir.

3.Bulgular ve Tartisma

Denemede incelenen oOzelliklere ait
varyans analiz (F degerleri) sonuglar1 Tablo
3’te verilmistir.

Tablo 3. Denemede incelenen 6zelliklere ait varyans analiz (F degerleri) sonuglari

Bitki Boyu Bitkide Tane Verimi Dekara Tohum Bin Tane Hektolitre
Faktorler (cm) (g bitki) Verimi (kgda)  Agirhgi (g) Agirhg (kg L)
Cegsitler 53.54™ 138.48™ 15.117 138.48™ 1.0384.
Azot Dozlar 4.54™ 52.02* 2.82" 52.02" 9.07™
Cesit x Azot Int. 0.48%4: 0.79%4 1.465¢ 0.7954 1.225¢
Kabuk Oran1  Protein Orani (%) Yag Oran Yag Verimi
Faktorler (%) (%) (kg da’!)
Cegsitler 0.05%4 70.86"" 0.73%4: 14.90™
Azot Dozlar 1.1754 2.1654 11.56™ 16.77"
Cesit x Azot Int. 1.1454 2.0354 1.095¢ 1.575¢

* (p<0.05), ** (p<0.01), 6.d: 6nemli degil

3.1. Bitki boyu

Cesitlere gore ortalama en uzun bitki
boyu LG5582 (183.46 cm) ¢esidinden, en
kisa bitki boyu ise Bosfora cesidinden
(165.42 cm), azot dozlar1 yoniinden ise
ortalama en kisa bitki boyu (167.63 cm)
kontrol parselinde, en uzun bitki boyu ise 15
kg da' N (176.78 cm) ve 20 kg da' N
(174.87 cm) dozlu parselden elde edilmistir

(Tablo 4). Cesit X azot dozlan
interaksiyonlar1 arasinda ise istatistiki
olarak herhangi bir farklilik

bulunamamistir (Tablo 4). Ancak, en kisa
bitki boyu Bosfora x kontrol (160.98 cm)
parselinden, en uzun bitki boyu ise LG5582
x 20 kg da' N dozu 186.47 (cm)
interaksiyonundan elde edildigi Tablo 4’ten
izlenebilmektedir. Kontrole gore azot dozu
uygulamalarinin bitki boyunu artirdigina
dair benzer bulgular; Oyinlola ve ark.
(2010); Day (2011); Nezami ve Vafaei
(2012); Day ve Kolsaric1 (2014); Yildiz
(2014); Pekcan ve Esendal (2015) ve Kandil
ve ark. (2017) tarafindan da belirtilmistir.

3.2. Bitkide tane verimi

Tablo 4’ten, c¢esitlere gore bitkide
ortalama en disiik tane verimi ise

P64LE119 ¢esidinden (66.84 g bitki!), en
yliksek bitkide tane verimi LG5582
cesidinden (73.52 g bitki!), elde edildigi;
azot dozlar1 yoniinden ise bitkide en diisiik
tane verimi kontrol (66.57 g bitki!)
parselinden, bitkide en yliksek tane verimi
ise 20 kg da' N dozu (73.05 g bitki)
uygulamasindan elde edildigi
goriilebilmektedir. Cesit x azot dozlar
interaksiyonlar1 arasinda istatistiki olarak
herhangi bir farklihk bulunamamstir.
Ancak, bitkide en diisik tane verimi
P64LE119 x kontrol (63.36 g bitki!)
parselinden, bitkide en yliksek tane verimi
ise LG5582 x 15 kg da' N dozu
interaksiyonundan (75.98 g bitki!) elde
edilmistir. Kontrole gore azot dozu
uygulamalarmin bitkide tane verimini
artirdigina dair benzer bulgular; Day
(2011); Ali ve ark. (2014); Day ve Kolsarici
(2014); Yildiz (2014) ve Bjaili ve ark.
(2019) tarafindan da belirtilmistir.

3.3. Dekara tohum verimi

Tablo 4’ten, cesitlere gore dekara en
yiiksek tohum verimi LG5582 ¢esidinden
(419.18 kg da'), en diisiik tohum verimi
P64LE119 ¢esidinden (383.04 kg da™!) elde
edildigi goriilebilmektedir.
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Tablo 4. ikinci iiriin kosullarinda aycicegi cesitlerine uygulanan azot dozlarindan elde edilen

ortalama bitki boyu (cm), bitkide tane verimi (g bitki!), dekara tohum verimi (kg da™),
bin tane agirhg (g) ve hektolitre agirligi (kg L) ile Tukey testine gore olusan gruplar

Bitki Boyu Bitkide Tane Dekara Tohum Bin Tane Agirhg Hektolitre
(cm) Verimi (g bitki') Verimi (kg da’)) (2) Agirhgr (kg L)
Cesitler
Bosfora 16542 b 68.61b 386.11b 69.84 b 40.3984
P64LE119 167.97 b 66.84 b 383.04b 71.17 a 40.26
LG5582 183.46 a 73.52a 419.18 a 64.76 ¢ 40.41
Ortalama 172.28 68.99 396.11 68.59 40.35
Azot Dozlar
No 167.63 b 66.57 ¢ 379.97 b 64.68 d 3997 ¢
Ns 169.99 ab 68.63 be 390.99 ab 67.24 ¢ 40.09 be
Nio 172.15 ab 69.28 be 396.89 ab 69.26 b 40.44 ab
Nis 176.78 a 70.76 ab 407.32 a 70.40 ab 40.57 a
Na2o 174.87 a 73.05a 405.39 a 71.38a 40.70 a
Ortalama 172.28 68.99 396.11 68.59 40.35
Interaksiyonlar
Bosfora x No 160.98 ¢4 68.61 bede 392.54 ¢4 66.40 54 39.73%4
Bosfora x Ns 163.24 67.15 cde 382.82 67.94 40.03
Bosfora x Nio 166.75 66.14 de 384.53 70.76 40.60
Bosfora x Nis 167.71 69.03 abcde 393.73 71.05 40.67
Bosfora x N2o 168.42 72.09 abed 376.94 73.08 40.90
P64LE119 x No 162.52 63.36¢ 360.68 67.41 39.97
P64LE119 xNs 166.10 65.38 de 373.82 70.09 39.97
P64LE119 x Nio 165.28 66.26 de 384.83 71.19 40.47
P64LE119 x Nis 176.23 67.27 cde 388.69 73.23 40.30
P64LE119 x Nao 169.73 71.96 abed 407.18 73.90 40.60
LG5582 x No 179.38 67.74 cde 386.70 60.24 40.20
LG5582 x Ns 180.62 73.35 abe 416.34 63.68 40.27
LG5582 x Nio 184.43 75.44 ab 421.29 65.83 40.27
LG5582 x Nis 186.39 7598 a 439.54 66.93 40.73
LG5582 x Nao 186.47 75.10 ab 432.05 67.15 40.60
Ortalama 172.18 68.99 396.11 68.59 40.35
%C.V. 3.00 3.31 5.04 1.62 6.75

*: Ayni harf grubu igerisinde yer alan konular arasinda istatistiksel olarak onemli diizeyde (0.05) bir farklilik bulunamamstir

Azot dozlar1 yoniinden dekara en diigiik
tohum verimi kontrol (379.97 kg da)
parselinden, en yiiksek tohum veriminin ise
15 kg da' N dozundan (407.32 kg da'!) elde
edilmistir.  Cesit X  azot dozlar
interaksiyonlar1 arasinda istatistiki olarak
herhangi bir farklihlk bulunamamigstir.
Ancak, en diisiik tohum verimi P64LE119 x
kontrol (360.68 kg da') parselinden, en
yiiksek tohum verimi ise LG5582 x 15 kg
da! N dozu interaksiyonundan (439.54 kg
da!) elde edilmistir. Hafiz ve ark. (2014);
Pekcan ve Esendal (2015); Wabekwa ve
ark. (2015); Tursun ve Kill1 (2016); Kandil
ve ark. (2017); Oztiirk ve ark. (2017); Al-
Haidary (2018) ve Bjaili ve ark. (2019)
belirtilen bulgular1 bizim bulgular ile uyum
gostermektedir. Ancak, Evci ve ark. (2006)
tarafindan azot dozlarmin tohum verimine
etkisinin olmadigini belirtmesi

bulgularimiz ile uyum gostermemektedir.
Bu durumun sebebi ise iklim, toprak
kosullar1 ve denemede kullanilan gesitler ile
azot dozlariin farkliligindan kaynaklanmis
olabilir.

3.4. Bin tane agirhg

Cesitlere gore ortalama en diisiik bin tane
agirhigt LG5582 ¢esidinden (64.76 g), en
yikksek bin tane agirligi ise P64LE119
cesidinden (71.17 g) elde edildigi; azot
dozlar1 yoniinden ise en diisiikk bin tane
agirligr kontrol (64.68 g) parselinden, en
yiiksek bin tane agirhg ise 20 kg da' N
dozu (71.38 g) uygulamasindan elde
edildigi goriilebilmektedir (Tablo 4). Bu
durum azot dozlarinin artmasiyla bin tane
agirhginin arttigint gostermektedir. Cesit x
azot dozlar1 interaksiyonlar1 arasinda
istatistiki olarak herhangi bir farklilik
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bulunamamistir. Ancak, en diisiik bin tane
agirhgr LG5582 x kontrol (60.24 g)
parselinden, en yiiksek bin tane agirlig1 ise
P64LE119 x 20 kg da”' N dozu (73.90 g)
interaksiyonundan elde edilmistir.

Kontrole gore azot dozu
uygulamalarinin ~ bin  tane agirhiginin
arttigina dair benzer bulgular; Sincik ve ark.
(2013); Ali ve ark. (2014); Day ve Kolsarici
(2014); Yildiz (2014); Pekcan ve Esendal
(2015); Rasool ve ark. (2015); Wabekwa ve
ark. (2015); Tursun ve Kill1 (2016); Kandil
ve ark. (2017) ve Bjaili ve ark. (2019)
tarafindan da belirtilmistir.

3.5. Hektolitre agirhg:

Cesitler ve c¢esit x azot dozlar
interaksiyonlar1 arasinda istatistiki olarak
herhangi bir farklilik bulunamamistir.
Ancak, ¢esitlere gore en yiiksek hektolitre
agirhigt LG5582 gesidinden (40.41 kg L),
en diisiik hektolitre agirligi ise P64LE119
cesidinden (40.26 kg L); cesit x azot
dozlar1 interaksiyonu yoniinden ise en
diisiik hektolitre agirligi Bosfora xkontrol
(39.73 kg L) ve en yiiksek hektolitre
agirhigr ise Bosfora x 20 kg da' N dozu
interaksiyonundan (40.90 kg L) elde
edilmistir. Azot dozlar1 arasinda istatistiki
olarak farkliliklar bulunmus, en diisiik
hektolitre agirhigr kontrol (39.97 kg L)
parselinden, en yiiksek diisiik hektolitre
agirhigi ise 20 kg da! N dozundan (40.70 kg
L") elde edilmistir (Tablo 4). Bu sonuglar
kontrole gore azot dozu uygulamalarinin
hektolitre agirligimi artirdigt  sonucunu
ortaya koymaktadir.

3.6. Kabuk orani

Kabuk orani bakimindan c¢esitler, azot
dozlart ve gesit X azot dozlar
interaksiyonlar1 arasinda istatistiki olarak
herhangi bir farklihk bulunamamistir.
Ancak, cesitlere gore ortalama en diisiik
kabuk oram1  P64LE119  ¢esidinden
(%24.07), en yiiksek kabuk orani1 Bosfora
(%24.35) cesidinden elde edildigi; azot
dozlar1 yoniinden ise ortalama en diisiik

kabuk oran1 20 kg da' N dozundan
(%23.44), en yiiksek kabuk orani ise 15 kg
da' N dozundan (%25.21) elde edildigi
goriilebilmektedir (Tablo 5). Cesit x azot
dozlar1 interaksiyonu yoniinden ise, en
diisiik kabuk oran1 P64LE119 ¢esidi x 15 kg
da! N (%22.54) dozu interaksiyonundan,
en yiiksek kabuk oran1 ise Bosfora ¢esidi x
15 kg da' N (%26.86) dozu
interaksiyonundan elde edildigi Tablo 5’ten
izlenebilmektedir. Day (2011); Day ve
Kolsarici  (2014); Pekcan ve Esendal
(2015); Rasool ve ark. (2015) tarafindan
azot dozu uygulamalarinin kabuk oranini
onemli diizeyde etkiledigine iligkin bulgular
bizim bulgularimiz ile ters diismektedir. Bu
durum iklim ve toprak kosullar1 ile beraber

denemede kullanilan ¢esitler ve azot
dozlarmin  farkliligindan  kaynaklanmis
olabilir.

3.7. Protein orani

Tablo 5’ten, cesitlere gore en diisiikk
protein orant LG5582 ¢esidinden (%
26.44), en yiiksek protein orani ise Bosfora
cesidinden (% 31.97) elde edildigi
goriilebilmektedir. Azot dozlar1 ve gesit x
azot dozlar1 interaksiyonlar1 arasinda
istatistiki olarak herhangi bir farklilik
bulunamamistir (Tablo 3). Ancak, azot
dozlar1 yoniinden en diistik protein oran1 15
kg da' N dozundan (% 28.23), en yiiksek
protein oran ise 20 kg da”! N dozundan (%
29.76) elde edilmistir. Cesit x azot dozlar1
interaksiyonu yoniinden, en diisiik protein
oran1 LG5582 x 15 kg da! N dozu (%
23.95), en yiiksek protein orani ise Bosfora
x 20 kg da”! N dozu interaksiyonundan (%
33.34) elde edilmistir. Kontrole gore azot
dozu uygulamalarimin protein oranini
onemli diizeyde etkiledigine dair bulgular;
Day (2011); Sincik ve ark. (2013); Day ve
Kolsarici (2014); Yildiz (2014), Giil ve
Kara (2015); Tursun ve Kill1 (2016); Azhar
ve ark. (2018) tarafindan bildirilen sonuglar
ile sonu¢larimiz uyum gostermemektedir.
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Tablo 5. ikinci iiriin kosullarinda aycicegi cesitlerine uygulanan azot dozlarindan elde edilen
ortalama kabuk orami (%), protein oran1 (%), yag oram (%) ve yag verimi (kg da™') ile
Tukey testine gore olusan gruplar

Kabuk Orani (%)  Protein Orani (%) Yag Orani (%) Yag Verimi (kg da!)
Cesitler
Bosfora 24,3504 3197 a 47.79 %4 184.32b
P64LE119 24.07 28.62b 46.85 179.61b
LG5582 24.22 26.44 ¢ 47.50 199.40 a
Ortalama 24.21 29.01 47.38 187.77
Azot Dozlar
No 24.92 94 28.53 94 4427 ¢ 168.29 ¢
Ns 23.99 29.40 46.73 be 182.63 be
Nio 23.50 29.14 48.79 ab 193.64 ab
Nis 25.21 28.23 50.76 a 206.78 a
Na2o 23.44 29.76 46.37 be 187.52b
Ortalama 24.21 29.01 47.38 187.77
interaksiyonlar
Bosfora x No 24.3154 30.924 44.87 %4 175.96 bed
Bosfora x Ns 24.54 32.79 48.42 185.14 bed
Bosfora x Nio 22.82 31.01 4791 184.24 bed
Bosfora x Nis 26.86 31.82 49.48 194.75 be
Bosfora x Nao 23.19 33.34 48.29 181.51 bed
P64LE119 x No 25.67 28.22 43.15 155.61d
P64LE119 xNs 23.34 28.67 45.35 169.69 cd
P64LE119 x Nio 24.83 28.62 49.21 189.36 be
P64LE119 x Nis 22.54 28.91 51.54 200.19 abc
P64LE119 x N2o 23.98 28.66 45.03 183.19 bed
LG5582 x No 24.78 26.45 44.78 173.31 cd
LG5582 x Ns 24.08 26.75 46.41 193.06 be
LG5582 x Nio 22.84 27.78 49.26 207.32 ab
LG5582 x Nis 26.22 23.95 51.27 22541 a
LG5582 x Na2o 23.15 27.28 45.78 197.87 abc
29.01 47.38 187.77
Ortalama 24.21
%C.V. 9.30 4.42 4.62 5.52

*: Aynt harf grubu igerisinde yer alan konular arasinda istatistiksel olarak 6nemli diizeyde (0.05) bir farklilik bulunamamugtir

3.8. Yag oram

Tablo 3’ten ¢esitler, ¢esit X azot dozlari
interaksiyonlar1 arasinda ise istatistiki
olarak herhangi bir farklilik bulunamadigi
goriilebilmektedir. Ancak, cesitlere gore
ortalama en diisiik yag oran1 P64LE119
cesidinden (% 46.85), en yiiksek yag
oraninin ise Bosfora ¢esidinden (% 47.79);
¢esit x azot dozlar interaksiyonlarinda, en
diisiik yag orant P64LE119 X kontrol (%
43.15), en yiiksek yag orani ise P64LE119
x 15 kg da”! N dozu interaksiyonundan (%
51.54) elde edilmistir (Tablo 4).

Azot dozlar1 arasinda istatistiki olarak %
1 diizeyinde farkliliklar bulunmus, en diisiik
yag orani kontrol (% 44.27) parselinden, en
yiiksek yag orani ise 15 kg da! N (% 50.76)
dozu uygulanan parselden elde edildigi
goriilebilmektedir. Azot tohumdaki yag

icerigini, vejetatif biiyiime, karbonhidrat
icerigini ve bunu tohuma transferini

etkileyerek  artirmaktadir  (Hasanzade,
2002).

Kontrole gore azot dozu
uygulamalarinin =~ yag oranin1  Onemli
diizeyde etkiledigine iliskin  benzer

bulgular; Sincik ve ark. (2013): Day ve
Kolsarict (2014): Hafiz ve ark. (2014);
Rasool ve ark. (2015); Oztiirk ve ark.
(2017) ve Azhar ve ark. (2018) tarafindan
da belirtilen bulgular ile bizim sonuglar
uyum gostermekte; ancak El-Kady ve ark.
(2010); Nezami ve Vafaei (2012); Yildiz
(2014); Pekcan ve Esendal (2015); Tursun
ve Killi (2016); Schultz ve ark. (2018)
tarafindan bulunan bulgular ile bizim
bulgular uyum gdstermemektedir. Bu
durum denemenin kuruldugu yerin toprak
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ve iklim kosullar1 ile denemede kullanilan
¢esitler, azot dozlar1 ve ¢evre kosullarinin
farkliligindan kaynaklanmis olabilir.

3.9. Yag verimi

Tablo 5’ten cesitlere gore ortalama en
disiik yag verimi P64LEI119 cesidinden
(179.61 kg da), en yiiksek yag verimi ise
LG5582 gesidinden (199.40 kg da™'); azot
dozlar1 bakimindan, en diisiik yag verimi
kontrol (168.29 kg da') parselinden, en
yiiksek yag verimi ise 15 kg da™! N (206.78
kg da') dozu uygulanan parselden elde
edildigi goriilebilmektedir.

Tablo 3’ten, c¢esit x azot dozlan
interaksiyonlar1 arasinda istatistiki olarak
herhangi  bir  farklibk  bulunmadig:
goriilebilmektedir. Ancak, ¢esit X azot
dozlar1 interaksiyonu yoniinden, en diisiik
yag verimi P64LE119 x kontrol (155.61 kg
dal), en yiiksek yag verimi ise LG5582
15 kg da' N dozu interaksiyonundan
(22541 kg dal) elde edildigi
goriilebilmektedir (Tablo 5).

4. Sonuclar

Calisma sonucunda; en uzun bitki boyu
LG5582 ¢esidinden (183.46 c¢cm), 15 ve 20
kg da' N (176.78 ve 174.87 cm)
uygulamalarindan; en yiiksek bitkide tane
verimi LG5582 cesidinden (73.52 g bitki!)
ve 20 kg da! N (73.05 g bitki') dozundan
ile LG5582 x 15 kg da’! N (75.98 g bitki™")
interaksiyonundan; en yiiksek tohum verimi
LG5582 x 15 kg da! N (439.54 kg da™')
interaksiyonundan, en yiiksek bin tane
agirhigr P64LE119 cesidinden (71.17 g) ve
20 kg da! N (71.38 g) uygulamasindan; en
yiiksek hektolitre agirlig1 15 ve 20 kg da' N
(40.57 ve 40.70 kg L!) uygulamalarindan;
en yliksek protein orani Bosfora ¢esidinden
(% 31.97); en yiiksek yag orani 15 kg da’!
N (% 50.76) uygulamasindan, en yiiksek
yag verimi LG5582 ¢esidinden (199.40 kg
da') ve 15 kg da' N (206.78 kg da')
uygulamasindan elde edilmistir.

Kabuk oranmi (%) bakimindan c¢esitler,
azot dozlar1 ve c¢esit X azot dozlari

interaksiyonlar1 arasinda herhangi bir
farklilik bulunamamustir.

Ayciceginde yetistiriciler i¢in tohum
verimi, yag sanayicileri i¢in ise yag orani ve
yag verimi en Onemli konulardir. Bu
calismada tohum verimleri 360.68 kg da’!
ile 439.54 kg da™! arasinda, yag oranlari ise
% 43.15 ile % 51.27 arasinda degismistir.
Tohum verimi, yag oram1 ve azot dozu
birlikte ele alindiginda LG5582 ¢esidi ve
dekara 15 kg da' N dozu uygulamasimin
Onerilmesi sonucuna ulasilmistir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yayina hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarini beyan ederler.

Cikar Catismasi Beyani

Tiim yazarlar, bu ¢alisma icin herhangi
bir c¢ikar c¢atismasi olmadigin1  beyan
etmektedir.
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Abstract Research Article
The experiment was conducted at the reaearch field of the
Department of Crop Science and Technology, University of
Rajshahi, Rajshahi-6205, during the Rabi season from November
2015 to April 2016 to study the effect of sulphur and boron on
growth and yield performance of boro rice (cv. BRRI dhan28). The

experimental area belongs to High Ganges River Floodplain under Artic.le History
Agro Ecological Zone-11 (AEZ-11). The experiment was Received :13.11.2022
constructed with two factors viz., factor A (sulphur) and factor B Accepted :31.12.2022

(boron) with three level of doses of each, i.e., So: without sulphur
(control), Si: 20 kg S ha!, S,: 30 kg S ha!, and By: without boron
(control), By: 2 kg B ha’!, By: 3 kg B ha'!. The experiment was
conducted in a Randomized Complete Block Design (RCBD) with
three replications. The results revealed that S and B significantly
influenced the growth, yield contributing traits and yield of rice, and
the treatment of S1B1 (20 kg S ha™! with 2 kg B ha'!) performed the Sulphur

best results of number of tillers hill"! (28.78), panicle length (26.94 Boron.

cm), grains panicle™! (177.57), filled grains panicle! (150.27), 1000- boro rice
grain weight (29.75 g), highest grain (6.30 t ha!), straw (5.91 t ha'!), growth

and biological yield (12.21 t ha'') and HI (51.60%). So, it can be  Yield ,
suggested to apply S at 20 kg ha'! and B at 2 kg ha'! with calcareous soil
recommended dose of NPK and Zn for maximum yield of boro rice

in calcareous soils of AEZ-11.
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1. Introduction

Food security is becoming serious
concern due to increasing trends of global
population, and it is in alarming situation in
Asia and Africa continent. There is an
urgent need to produce more food with an
efficient and sustainable agricultural
production systems to feed the rapidly
growing population (Islam et al., 2021).
Population pressure of Bangladesh creates
remarkable stress on the natural resources.
Rice (Oryza sativa L.) is the main source of
energy among cereals alone that serves as
major source of calories to the population in
Asia, Africa and Latin America. Rice is one
of the major staples, and is considered the
primary nutrient source for more than 3
billion people. The crop is grown in more
than 150 million hectares across the world,
and is of critical importance to the
economies of various nations, especially in
South-East Asia, China and India.

Asian countries consume about 86.70%
of the global rice production, and
Bangladesh consumes 6.50% of the global
rice production (Hussain, 2012). Per capita
availability of rice per year in Bangladesh is
about 160 kg which makes it the fourth
highest consuming nation of the world
(Hussain, 2012). Approximately 77% of the
cropped area is devoted to rice production,
with some 60-70% of the agricultural labour
employed in rice production, marketing and
distribution. Production of rice contributes
70% of the agricultural GDP, and one-sixth
of the national income in Bangladesh (BBS,
2011). For improving food security,
different strategies are aligned to increase
the productivity of agricultural crops, and to
stabilize of food prices. However, rice plays
a pivotal role in all spheres of life in
Bangladesh, and it is the most important
commodity in terms of livelihood and food.
So, it is imperative to increase rice
production. Though Bangladesh has
excellent sub-tropical climate for rice
cultivation but its productivity is low

compared with other Asian countries like
Indonesia, Malaysia, etc. Therefore, to
overcome this situation, increase in rice
growth and production per unit area is the
only alternative to bring self-sufficiency in
food production. The desired results may be
achieved by ensuring balanced quantities of
essential nutrient elements to the soil, and
by implementing good agricultural
practices at field level.

Soil is a heterogeneous material which
provides the nutritional requirements of
crop plants. Due to continuous and
intensive cropping the soils of Bangladesh
are exhausted, and the nutrient stresses are
increasing day by day. Depletion of soil
fertility is a major constraint for sustainable
crop production in Bangladesh. The
problem has been doubled due to lack of
interest in applying good agricultural
practices by grower. Majority of soils are
low in organic matter resulting in decreased
macro- and micro-nutrients in some soils of
Bangladesh (Khan et al., 1997; Islam,
2006). Supplement of all essential nutrients
are the prime requirements for optimum
growth and productivity of rice, and
imbalance supply may hamper growth and
ultimately the yield of the target crop (Jamil
et al., 2012).

Sulphur deficiency has been documented
in different regions of Bangladesh soil
which roughly covers 44% of the total
cropped area. The deficiency of S along
with NPK are frequently reported in
Bangladesh soils (Hoque and Jahiruddin,
1994). The use of almost S free fertilizers
may be an important reason for widespread
occurrence of S deficiency problem, and the
problem is increasing day by day due to
intensive use of agricultural land for crop
production in countries like Bangladesh. It
is a severe problem in soils which are
calcareous in nature with low organic
matter content (Rafique et al., 2012). It
plays a vital role in the synthesis of amino
acids, proteins, and chlorophyll (Tiwari and
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Gupta, 2006). Hence, deficiencyof S
reduces chlorophyll content and
photosynthetic COefixation consequently
reduces the growth, development and yield
(Jamal et al., 2005; Islam et al., 2017a) as
well as quality of crop products (Schonhof
et al., 2007). Application of S significantly
increased the grain yield of boro rice
(Rahman et al., 2008). Majority of the
farmers are applied nitrogen, phosphorus
and potassium fertilizers but micronutrients
are to not consider to increase yield of
crops. Micronutrients are also essentially
needed and playing specific role up to the
maturity of crop plants. Application
micronutrient such boron increased yield
and quality of crops (David et al., 2005;
Rehman et al., 2012; Islam et al., 2017b). It
has been reported that application of B
significantly increased the grain of rice in
different countries like  Bangladesh
(Jahiruddin et al., 1992, 1995), Pakistan
(Khan et al., 2006), USA (David et al.,
2005). A marked increase of rice yield with
the application of boron was estimated by
22% (Hyder et al, 2012), and 10%
(Shorrocks, 1997). Therefore, keeping these
points in view, the present investigation was

undertaken to evaluate the effect of S and B
on growth and yield of boro rice (BRRI
dhan28).

2. Materials and Methods
2.1. Experimental site and duration

The experiment was carried out at the
research field, Department of Crop Science
and Technology, University of Rajshahi,
Bangladesh during November 2015 to April
2016.Geographically the experimental site
is located at 24°22'36" N latitude and
88°3827" E longitude with an elevation of
20 meter above the sea level.

2.2. Soil

The experimental area belongs to High
Ganges River Floodplain under Agro-
Ecological Zone-11 (AEZ-11) and under
clay, silty clay soil type and calcareous dark
grey floodplain soil (FAO and UNDP,
1988), having pH value of 8.4, low in
organic matter content (1.25%). The
morphological, physiological and chemical
characteristics of the field soil have been
presented in Table 1.

Table 1. Physical and chemical characteristics of experimental initial soil and their interpretation
according to fertilizer recommendation guide (BARC, 2012)

Properties Analytical value Critical level Soil test values Range of value used within
interpretation the interpretation class
Physical properties
Sand (%) 20.8
Silt (%) 60.3
Clay (%) 20.9
Textural class Silty clay loam
Chemical properties
pH 8.4
(Organic matter (%) 1.25 -
Total nitrogen (%) 0.10 0.12 Very low <0.09
|Available phosphorus (ppm) 16.2 10.00 Medium 7.51-15.0
Potassium (meq/100g) 0.57 0.12 Very low 0.181-0.27
Available sulphur (ppm) 12.5 10.00 Very low 15.1-22.5
Zinc (ppm) 0.11 0.60 Very low 0.451-0.9
IBoron (ppm) 0.23 0.20 Low <0.15
Magnesium (meq/100g) 4.30 0.50 Optimum 0.751-1.125
(Calcium (meq/100g) 15.35 2.00 Optimum <15

Source: Soil Resource and Development Institute (SRDI), Regional Centre, Rajshahi (BARC, 2012).
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2.3. Climate and weather

The research work was conducted during
Boro season (November to May). The
experimental area possesses subtropical
climatic condition. The means of

methodological information, like relative
humidity, maximum temperature, minimum
temperature and average temperature,
rainfall of the experimental site during the
crop growing period are presented in Table
2.

Table 2. Weather information (month wise) in the area of Rajshahi University, Rajshahi

during experimentation

Months o 0Acl)r temperaturlf\:/[ e Relativ(eq?)umidity Rainfall (mm) hgllllrn?g:}l]f_:l)
November/2015 29.20 17.97 89.13 3.20 7.43
December/2015 26.07 14.77 90.23 19.70 6.07

January/2016 25.03 11.10 83.67 0.43 6.53
February/2016 29.00 14.10 69.17 0.00 7.00
March/2016 31.20 18.60 74.70 12.67 6.37
April/2016 34.77 23.27 76.40 4.63 7.03
May/2016 35.07 25.10 81.00 243 7.23

2.4. Test crop

In this experiment aromatic rice named
BRRI dhan28 was used as the test crop. It is
a popular variety of boro rice. It takes 140
days for maturity.

2.5. Experimental design and layout

In this study BRRI dhan28 is imposed
with three sulphur (So: 0 kg S ha’!, Si: 20
kg S ha' and S2: 30 kg S ha'), and three
boron doses (Bo: 0 kg B ha!, Bi: 2 kg B
ha™! and B2: 3 kg B ha!). It was designed by
Randomized Complete Block Design
(RCBD) having three replications.
Recommended doses of other inorganic
fertilizers of urea, TSP, and MoP were
applied at the rate of 150, 120, and 100 kg
ha'!, respectively. Each block was divided
into nine unit plots where nine treatment
combinations were allocated at random.
Therefore, the total number of plots of this
experiment was 29. The size of unit plot was
4.0 m x 2.5 m. The distance between plots,
and blocks were 50 and 25cm, respectively.

2.6. Experimentation

Healthy seeds were selected by specific
gravity method. Seeds were then immersed
in water in a bucket for 24 hours. Then

seeds were taken out of water and kept
thickly in gunny bags. The seeds started
sprouting after 48 hours and were sown
after 72 hours of steeping. A piece of high
land was selected at the Crop Science and
Technology Research Field, University of
Rajshahi, for raising seedlings. The land
was puddled with country plough, cleaned
and leveled with ladder. Then the sprouted
seeds were sown in the nursery beds on
November, 2015. Weeds were removed and
irrigation was provided in the seedling
nursery as and when necessary. The
experimental land was first opened with a
tractor drawn disc plough. The land was
then puddled thoroughly by repeated
ploughing and cross ploughing with a
country plough and subsequently leveled by
laddering. Weeds and stubble were cleared
off from individual plots and finally plots
were leveled so properly by wooden plank
that no water pocket could remain in the
puddled field. The land was fertilized as per
treatment specifications. Well decomposed
cow dung was applied 10 days before
transplanting. Full dose of TSP and MP as
well as gypsum and boric acid as per
treatment were applied one day before
transplanting. Nitrogen from urea was

161



Bari et al.

applied per treatments in three equal splits.
The first split of urea was applied as top
dressing at 20 days after transplanting
(DAT). The second split of urea was applied
after 35 DAT, and the third split of urea was
applied at 55 DAT. The nursery beds were
made wet by application of water one day
ahead of uprooting the seedlings. Thirty
five days old seedlings were uprooted
carefully without causing any mechanical
injury to the root and transplanted in the
well puddled plot. Three seedlings were
transplanted in each hill with a spacing of
25 cm % 15 cm. The intercultural operations
were done for ensuring and maintaining
normal growth of the crop as per necessary.

2.7. Data collection

Five hills were randomly selected from
each plot at maturity to record the yield
contributing characters. Plant height,
number of total tillers hill!, panicle length,
number of grains panicle!, number of
fertile grains panicle’!, number of sterile
grains panicle’!, 1000-grains weight, grain
yield (t ha') (adjusted to 14% moisture
content), straw yield, biological yield and
harvest index (%) were measured.

2.8. Statistical analysis

All the collected data were analyzed
following the analysis of variance
(ANOVA) technique and mean differences
were adjudged by Duncan’s Multiple Range
Test (DMRT) (Gomez and Gomez, 1984)
using a computer operated program namely,
MSTAT.

3. Results and Discussion
3.1. Plant height

A significant variation of the plant
height was found during the growth
stages except harvesting stage due to
combined application of S and B
fertilizers (Table 3). The application of 20
kg S ha! + 3 kg B ha™! (S1B2) produced

the longest plant (38.80, 69.13, 94.77 and
100.30 cm) at 30, 50 and 70 DAT and
harvest, respectively. On the other hand,
the shortest plant (33.87, 53.17, 86.33 and
89.53 cm, respectively) was found at
control condition (SoBo). Application of S
significantly increased the plant height of
rice as reported by Chandel et al. (2002),
Samaraweera (2009), Singh et al. (2012),
Singh Shivay et al. (2014), Ram et al.
(2014), and Amgain et al. (2021). The
longest plant of rice was found from 16 kg
S/ha applied as gypsum while the shortest
plant was noticed without sulphur (Islam et
al., 2009). In several studies it has been
reported that 20 kg S/ha applied as gypsum
produced the highest plant height of rice
(Rahman et al., 2008), and 18 kg S/ha
applied as gypsum exhibited highest plant
height of sesame (Islam et al., 2019).

Sulphur might be greatly increased the
plant  height through chlorophyll
formation which enhance vegetative
growth. This result is in agreement with
the findings of Kaisher et al. (2010) who
reported that sulphur significantly increased
the plant height through chlorophyll
formation which enhance vegetative
growth. B enhanced the differentiation of
tissue, cell division and nitrogen
absorption from the soil which augment
the plant growth, ultimately increased the
plant height. Addition of boron remarkably
increased the plant height of rice (Shah et
al., 2011; Hyder et al., 2012; Amer et al.,
2020), seedling height of mung bean plant
(Singh et al., 2014; Islam et al., 2017a,
2017b).

Significant effect of S and B on the
plant height has also been observed by
many researchers in the past for different
crops of rice (Uddin et al., 1997; Singh et
al., 2011), and mung bean (Islam et al.,
2017a). Sulphur has the strong buffering
capacity of organic soils (Kaler et al., 2016),
which might enhanced the plant growth.
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Table 3. Interaction effect of sulphur and boron on the plant height at different DAT

Treatment Plant height (cm)
30 DAT 50 DAT 70 DAT At harvest
SoBo 33.87e 53.17d 86.33 f 89.53 f
SoB1 37.77b 58.43c 88.47e 90.47¢
SoB2 34.93d 53.37d 89.20de 92.33cd
S1Bo 37.80b 67.70ab 91.23bc 95.68 ¢
S1Bi 38.27ab 68.30ab 92.77b 97.47b
S1B2 38.80a 69.13a 94.77a 100.30a
S2Bo 35.10d 66.77 90.77cd 93.87c
S2B1 36.23¢ 67.37ab 88.47e 94.77c
S2B2 37.70b 68.17ab 91.63bc 96.50b
LSD(0.5) 0.9916 1.870 1.641 -
CV (%) 4.19% 3.30% 6.80% 4.36%

In a column, means followed by a similar letter(s) or without letter are not significantly different whereas, In a column, means followed by a similar
letter(s) or without letter are not significantly different whereas, means followed by a dissimilar letter(s) are significantly different as per DMRT at
5%. LS: level of significance, ** indicates significant at 1 % level of probability, NS = Non-significant, CV (%) = Co-efficient of variation, DAT =
Days after transplanting; So= 0 kg sulphur (control), Si= sulphur 20 kg ha™', So= sulphur 30 kg ha™'. Again, Bo= 0 kg boron (control), B = boron 2 kg ha™,

B2 = boron 3 kg ha!

3.2. Total number of tillers

Tiller production are directly related to
grain and straw yield in case of the more
tillers produced more panicle, more
grains which ultimately increase the grain
and straw yield of rice. Analysis of
variance of data regarding to tiller
production was affected significantly due
to the wvarious levels of sulphur
application at 30, 50, 70 DAT and at
harvesting. The application of S @ 20 kg
ha! produced the maximum total tillers
(11.52, 21.152, 26.89 and 26.184) at 30,
50, 70 DAT and at harvest, respectively,
which was significantly differed from
others (Table 4). The minimum total
tillers (7.593, 17.78, 22.963 and 21.593)
were recorded in 0 kg S ha™! at 30, 50, 70
DAT and at harvest, respectively.
Tillering is the product of expanding
auxiliary buds which i1s directly
connected with the nutritional status of
the mother plant during early vegetative
growth period. It has been reported that
application of sulphur significantly
increased the number of total tillers in rice
(Chandel et al., 2002; Samaraweera, 2009),
wheat (Dewal and Pareek, 2004; Inal et al.,
2006). The results indicate that interaction
of S and B promoted the number of

effective tillers. The results confirm the
findings of Haque and Chowdhury (2004),
Islam et al. (2009), Ram et al. (2014), who
reported that S application significantly
increased the number of tillers over the
control. Combined application of sulphur
and boron increased the effective tillers hill
! of rice by 5% and 144% (Afroz, 2011).

3.3. Panicle length

The combination of S and B application
significantly influenced the panicle length
of boro rice (Table 5). Panicle length due to
different rates of S and B application varied
from 18.62 cm to 26.94 cm. However, the
maximum panicle length (26.94 cm) was
produced by the application of S 20 kg ha!
+ B 2 kg ha'), whereas the minimum
panicle length (18.62 cm) was noted with
control treatment (without S and B). The
Increase in growth and straw yield might be
ascribed to cell division, enlargement and
elongation resulting in overall improvement
in plant organs associated with faster and
uniform vegetative growth of the crop under
the influence of S implementation.
Application of the S up to 30 kg S ha’
significantly increased the panicle length of
rice (Chandel et al., 2002; Ram et al., 2014).
Application of S increased the plant
characteristics like plant height, number of
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effective tillers which might have enhanced
the panicle length. Boron plays a major role
in cell division which increases the panicle
length. B promotes cell growth and
development of the panicle (Garg et al.,
1979) which encouraged the panicle length
of rice plants. These are in conformity with
those reported earlier by Rashid et al.

(2004), Ahmad and Irshad (2011), Shukla et
al. (2020) who reported that B is beneficial
for improving the panicle length of rice. Our

results confirm the findings of Mehmood et
al. (2009) and Phonglosa et al. (2018).

Table 4. Interaction effect of S and B on total number of tillers at different days after

transplanting
Treatments Number of tillers
30 DAT 50 DAT 70 DAT At harvest
SoBo 578 f 15.67 e 20.56 2044 e
SoB1 8.33 de 18.11d 22.03d 21.78d d
SoB2 8.67 cd 19.56 cd 2433 ¢ 22.56 cd
SiBo 10.89 b 19.67 cd 25.45 be 25.36 b
SiB1 11.56 ab 22.56 a 28.89 a 28.78 a
S1B2 12.11 a 21.31 ab 27.33 ab 27.55a
S2Bo 7.67 e 20.11c¢c 25.38 be 25.83b
N 8.33 de 21.11 be 26.78 b 26.67 b
S2B2 933 ¢ 22.22 be 25.78 be 26.55b
LSD(0.5) 0.927 1.283 1.428
LS k koK sk
CV(%) 6.01% 6.18% 2.23% 8.59%

In a column, means followed by a similar letter(s) or without letter are not significantly different whereas, means followed by a dissimilar letter(s)
are significantly different as per DMRT at 5%. LS= level of significance, ** indicates significant at 1 % level of probability, NS = Non-significant,
CV (%) = Co-efficient of variation, DAT = Days after transplanting; So= 0 kg sulphur (control), Si= sulphur 20 kg ha™!, So= sulphur 30 kg ha''; Again,

Bo= 0 kg boron (control), Bi = boron 2 kg ha'', B, = boron 3 kg ha™!

3.4. Grains panicle’!

The number of grains panicle-
lincreased significantly with the different
rates of boron application. Application of
S@20 kg ha' + 3 kg B ha'! (SiB2)
produced the maximum number of grains
panicle™ (176.78) which was at par with
the treatment combination of S1B1 (20 kg
S ha! + 2 kg B ha!) (175.57), while the
lowest number of grains panicle’!
(129.78) was noted with control treatment
(SoBo). Sulphur nutrient might have given
metabolic energy to the plant, which
enhanced the grain panicle! with
increasing S fertilization. Chandel et al.
(2002) reported that increasing sulphur
levels up to 30 kg S ha™! in rice significantly
improved grains panicle!. It has been
reported earlier that B is responsible for

better pollination, seed setting and grain
formation in different rice varieties (Aslam
et al., 2002; Rehman et al., 2012). The
number of grains panicle! in rice is
increased due to application of B at heading
or flowering stage (Hussain et al., 2012).
Our results are also certified by
Ramanathan et al. (2002), Ziaeyan and
Rajaie (2009), Phonglosa et al. (2018), who
concluded that B fertilization considerably
increased the number of grains panicle™.

3.5. Fertile grains panicle’!

Interaction effect of sulphur and boron
showed significant variation in the
number of fertile grains panicle”! (Table
5). The treatment combination of 20 Kg S
ha' + 3 kg B ha! (SiB2) produced the
highest number of fertile grains panicle™
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(143.30) which was followed by the
treatment combination of SiB:1 (20 kg S
ha! + 2 kg B ha™') (141.27). The lowest
number of fertile grains panicle! (89.18)
was noted with control treatment (SoBo).
These results are in conformity with those
already reported by Ram et al. (2014), who
depicted that S application increased the
grains panicle! and panicle weight due to
enhanced shoot growth and dry-matter
accumulation. Shukla et al. (2020)
concluded that B application in rice
significantly increased the filled grains
panicle™, and both soil + foliar applied B
produced superior results over soil applied
alone. This may be attributed to the reason
that B is responsible for better seed setting
and illustrated significant effect on number
of filled grains. The result of the present
findings corroborates with the results of Ali
et al. (2016), and Rani and Latha (2017),
who declared that B increased the number
of filled grains panicle™.

3.6. Sterile grains panicle!

The data on sterile grains panicle’
showed significant variance of interaction
effect between S and B application levels
(Table 5). The sterile grains panicle™
varied from 26.21 to 51.21 due to
interaction effect of S and B fertilizers.
The maximum number of sterile grains
panicle! (51.21) was found in interaction
of SoB2 treatment (O kg S ha! + 3 kg B ha
1, which was followed by the treatment
combination of S1Bo (20 kg S ha™! + 0 kg
B ha'!) (49.22). The minimum number of
sterile grains panicle™ (26.21) found in
interaction of S2B2 treatment (S 30 kg ha
'+ 3 kg B ha'l), followed by the treatment
combination of S1B1 (20 kg S ha™! with 2
kg B ha') (27.30). Afroz (2011) reported
that combined application of S and B
significantly reduced the number of
sterile grains panicle™’. It has been reported
that B deficiency limits reproductive
growth. B induces panicle numbers plant!
and reduces poor grain fertility. These

results are in conformity with the findings
reported by Ramanathan et al. (2002), and
Rashid et al. (2009).

3.7. 1000-grain weight

The interaction effect of S and B on
1000-grain weight of rice was significant
(Table 5). Sulphur application @20kg S
ha! along with 2 kg B ha! provided the
maximum 1000-grain weight (29.75g),
while the minimum weight (21.68 g) was
recorded SoBo treatment combination
(control), followed by the treatment
combination of S2B2 (30 kg S ha™! with 3
kg B ha'!) (22.37 g) and SoB1 (0 kg S ha'!
with 2 kg B ha'!) (22.42 g). Carbohydrate
metabolism, sugar and starch formation
greatly influenced by boron, which
increased the size and weight of grain. Yield
attributes like grains/panicle and test weight
were significantly increased by the
application of S in rice field, and the highest
1000-grains weight was recorded up to 30
kg S ha! (Chandel et al., 2002). Boron
application significantly increased the
1000-grains weight of rice (Shukla et al.,
2018). Reduction of sterile grains panicle’
!due to addition of B might be the reason for
increasing 1000-grains weight. Similar
result was confirmed by Rashid (2006),
Rahmatullah et al. (2006), Patel et al.
(2020), Shukla and Singh (2020), wherein it
was concluded that foliar application of B
increased the 1000-grains weight.

3.8. Grain yield

The grain yield of rice showed a
significant variation due to the combined
application of S and B. The highest grain
yield (6.30 t ha') was recorded from the
application of S@20 kg Stha'! +2kg B t
ha! (SiB1), while the lowest grain yield
(202 t ha') were found from SoBo
treatment (control) (Table 6). Boron
enhanced the pollination by creating the
stigma receptive and sticky that helps in
grain fertility. Number of grains panicle’!
increased due to reduction of flower
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sterility. Afroz (2011) have reported that
application of S and B in addition of N, P,
K, and Zn significantly increased the grain
yield of rice (BRRI dhan30). Application of
S with other fertilizers significantly
increased the grain yield of rice (Mondal et
al., 2004; Saha et al., 2007; Rahman et al.,
2008; Singh et al., 2012; Ram et al., 2014).
Amin et al. (2004) reported that application
of B fertilizers in addition to N, P and K
showed significant increase the yield
contributing attributes and yield of rice. The
pattern of grain yield was similar to that of
yield contributing traits. Application of S
and B might be promoted growth of plants
which directly produced longer panicle,
higher number of grains panicle! and 1000-

grain weight (Table 5). The result obtained
in grain yield is in accordance with the
findings of Hussain et al. (2012), Shukla et
al. (2018), and Phonglosa et al. (2018). It
has been reported earlier that boron
encourages fertilization in grain crops like
cereals and oilseeds (Garg et al., 1979;
Subedi et al., 1997; Hanifuzzaman et al.,
2022), which might have increased the
grain yield of rice due to lower sterility
percentage (Fig. 1). In earlier study, Singh
et al. (1990) also reported that application
of B in rice field increased the grain yield
by 31% over without B. The higher pollen
infertility and lower grain filling due to lack
of B might be responsible for lower grain
yield of rice (Rashid et al., 2004).

Table 5. Effect of S and B on panicle length, grains panicle™, fertile grains panicle™, sterile

grains panicle', and 1000-grains weight

Treatments Panicle length Gl_rain:Q1 Filled' gra_ilns UnfilleFI glizllins IOQO—grain
(cm) panicle panicle panicle weight (g)
SoBo 18.62 f 129.78 d 89.18 d 40.60 a 21.68d
SoB1 20.58 e 140.56 ¢ 104.67 c 35.89b 22.42d
SoB2 21.82d 14448 ¢ 110.27 ¢ 3421b 23.37 cd
SiBo 2322 ¢ 148.33 ¢ 109.11 ¢ 39.22 a 26.67b
SiBi 26.94 a 175.57 a 141.27 a 34.30b 28.75 a
SiB2 25.78 ab 176.78 a 143.30 a 33.48b 27.18 ab
S2Bo 25.14b 170.67 ab 131.55b 39.12a 25.23 be
S2Bi 2498b 163.78 b 138.44b 2534 c 23.55¢cd
S2B2 24.16 be 164.33 b 139.12b 2521c 22.37d
LSD(0.5) 1.022 2.01 15.25 5.416 2.588
CV(%) 4.93 15.95 7.43 6.77 4.64

In a column, means followed by a similar letter(s) or without letter are not significantly different whereas,means followed by a dissimilar letter(s)
are significantly different as per DMRT at 5%. LS: level of significance, ** indicates significant at 1 % level of probability, CV (%) = Co-efficient
of variation, DAT = Days after transplanting; So= 0 kg sulphur (control), Si= sulphur 20 kg ha™', So= sulphur 30 kg ha™'; Again, Bo= 0 kg boron (control),

Bi = boron 2 kg ha’!, B2 = boron 3 kg ha™!

3.9. Straw yield

Result presented in Table 6 showed that
interaction effect of S and B were
significantly influenced the straw yield. The
highest straw yield (6.41 t ha™!) was noticed
from S1B1 (20 kg S t ha! with 2 kg B t ha”
) treatment, and the lowest straw yield
(3.96 t ha'!) was recorded from SoBo
(control) treatment. Hossain et al. (1997),
Afroz (2011) concluded that combined

application of S and B along with N, P and
K increased the straw yield of rice. The
findings of this character agree with the
result obtained by Shah et al. (2009).
Rahmatullah et al. (2006) reported that the
straw yield was increased by boron
application.

3.10. Biological yield

Combined application of sulphur and
boron showed a significant variation in
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biological yield (Table 6). The highest
biological yield (12.71 t ha!) was recorded
from S1B1 (20 kg S t ha! with 2 kg B t ha
1) treatment, and the lowest biological yield
(598 t ha') was observed from SoBo
treatment (control). The variation result on
the biological yield of rice was found due to
the variation in sulphur which result
supported by Zayed et al. (2017).
Remarkable increase of biological yield of
rice owing to application of S was also
noted by Singh et al. (2012). B also showed
the better result for enhancing the biological
yield of rice. The same findings also
reported by Ziaeyan and Rajaie (2009), and
Shukla et al. (2018). Greater biological
yield may be attributed due to the higher
values of grain and straw yields under S and
B fertilization.

3.11. Harvest index

Analysis of variance data regarding to
harvest index was significantly influenced
by the interaction effect of S and B (Table
6). The highest harvest index (49.57%) was
recorded from SiBi treatment, which was
statistically  identical with the SiB:
treatment, and the lowest harvest index
(33.78%) was observed from SoBo
treatment (control). S and B fertilizers
played an important role for increasing the
grain yield and consequently increased the
harvest index. These results were at par with
that of Hussain et al. (2012), Kumar et al.
(2015), and Islam et al. (2017a) who
reported that S and B significantly increased
the harvest index of crops.

Table 6. Interaction effect of sulphur and boron on yield characters and HI at harvest

Treatment Grain yield (t ha')|  Straw yield (t ha'!) Bi(’logilca‘ﬂ)y feld (t Harvf;)i“dex
SoBo 202 3.96 ¢ 5.98d 33.78 d
SoB1 321d 4.61 cd 782 ¢ 41.05¢
SoB2 3.94 cd 5.51 be 9.45b 4159 ¢
SiBo 4.74 be 5.66 be 10.40 b 45.58 b
SiB; 6.30 a 6.41a 1271 a 4957 a
SiB: 533 ab 5.86 ab 11.19 ab 47.63 ab
S2Bo 3.02d 459 cd 7.6lc 39.68 ¢
S:B; 4.56 be 5.75 ab 10.31b 4423 b
S:B> 4.18 cd 5.38 be 9.56 b 43.72 be

LSD(0.5) 1.164 1.118 1.798 4.497
LS sksk sk sk sk
cv (%) 8.01 6.92 5.86 424

In a column, means followed by a similar letter(s) or without letter are not significantly different whereas, means followed by a dissimilar letter(s) are
significantly different as per DMRT at 5%. LS: level of significance, ** indicates significant at 1 % level of probability, CV (%) = Co-efficient of
variation, DAT = Days after transplanting; So= 0 kg sulphur (control), Si= sulphur 20 kg ha™', So= sulphur 30 kg ha™'. Again, Bo= 0 kg boron (control),

Bi = boron 2 kg ha™!, B, = boron 3 kg ha’!
4. Conclusion

Application of and S and B improved the
panicle length, number of grains panicle-1,
filled grains panicle!, 1000-grain weight,
grain yield, straw yield and harvest index.
The results revealed that the addition of S
@20 kg St ha! + 2 kg B t ha! (SiB1)
produced the highest grain yield and harvest
index followed by S @20 kg S tha! + 2 kg

B t ha! (SiB2). Therefore, 20 kg S t ha™! +
2 kg B t ha! can be applied in the soil to
harvest higher grain yield of BRRI dhan28
in calcareous soil.
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Abstract

This study was carried out with 4 soybean varieties in four different
locations (Adana, Antalya, Manisa, Samsun) according to the
Randomized Complete Block Design with six replications. In the
study, the variation of greenmass yield of genotypes according to
locations was evaluated with AMMI (Additive Main Effects and
Multiplicative Interactions) analysis model. According to the
analysis of variance genotype, environment, genotypexinteraction
and PC1 were found to be statistically significant. The greenmass
yield for locations varied between 3064-5482 kg da’!, the highest
yield was obtained from Adana location, and the lowest yield was
obtained from Samsun location. The greenmass yield of the varieties
varied between 3918-4520 kg da’!, the highest yield was obtained
from 1530 (Yemsoy) variety and the lowest yield was obtained from
Tirksoy variety. In the AMMI analysis, PC1 accounted for 77.11%
of the variation. According to the results obtained with the AMMI
analysis, it was determined that the variety 1530 (Yemsoy) had the
highest yield in the average of all four locations, while the Nazlican
variety was above the average (vertical) curve and had high values.
The variety 1530 (Yemsoy) was the most stable and the varieties 517
(Yesilsoy) and Tiirksoy were far from the stability (horizontal)
curve. Three locations, except Manisa location, are located in the
same Mega-environment.
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Yasar and Sezgin

1. Introduction

Soybean is an annual warm climate plant
belonging to the legume family. Soybean is
one of the plants with the highest production
(61%) among oilseed plants and is among
the 5-6 most important plants in the world
in terms of plant food source (Lopes da
Silvaetal., 2017; Yasar and Sezgin, 2022a).
It is the world's leading source of high-
quality protein and edible oil for both
human food and animal feed. Due to the
ability of soybean as a legume plant to
benefit from nitrogen in the air, it can
increase soil fertility for the plants to be
planted after it by adding nitrogen to the soil
(Morsy et al., 2015; Yasar and Sezgin,
2022b).

Soybean is used as hay, silage, grazing,
cover crop and green manure. The pulp
remaining after the oil is taken from the
seeds is very valuable in terms of adding it
to animal nutrition and feed rations.
Soybean pulp is an important protein source
in the nutrition of cattle and small animals,
the poultry industry and pet animals. In
addition to its grains, greenmass 1s also used
as animal feed. Late maturing and abundant
leafy soybean varieties are loved and
consumed by animals. Lactating dairy cows
and growing heifers show similar
performance when soybean hay or alfalfa is
given. As a silage plant, it can be ensiled
with maize and sorghum. Pure soybean
silage is not very tasty for cows (Tayyar and
Gil, 2007; Ayasan, 2011; Kokten et al.,
2013; Ozer, 2021).

Soybean plant, which started to be grown
in the Black Sea region for the first time in
the early 1930s in our country, has now
become widespread in the Mediterranean
region in general and especially in the
Cukurova region (Kokten et al., 2013).
Soybean can be grown as the main crop in
the Mediterranean Region. In addition, it
has a special importance in our country due
to the possibilities of being grown as a
second product after the grain harvest in the

Aegean, Mediterranean and Southeastern
Anatolia regions. In the Mediterranean
climate, forage soybean can provide an
alternative to annual grass or perennial
forage crops as a high yielding annual
broadleaf plant. According to the data of the
TUIK, soybean cultivation was carried out
in an area of 380.090 decares in Turkey in
2022 (TUIK, 2022).

Global warming forces working on
alternative products. While there is a wide
variety of products in terms of winter fodder
plants in our country, there are not many
alternatives for summer fodder plants. In

recent years, especially in summer,
temperature increases have emerged
significantly due to climate change.
However, irregularities also occur in

precipitation regimes. Especially summer
drought emerges as a serious problem.
Soybean is one of the alternative plants that
can be grown at increasing temperatures
due to its adaptation to high temperatures. It
is preferred to be grown in rainy conditions
or by irrigating due to its high moisture
demand. However, due to the drought
problem we are facing, it is important to
adapt the plant without irrigation (Ozer,
2021).

More complex statistical models are
needed every day to determine the varieties
that are stable in terms of yield under stress
conditions and to reveal the effect of GE
(genotypexenviroment) interaction (Yasar
and Sezgin, 2022c). Recently, many
researchers have been evaluating studies
conducted in many environments using the
AMMI Biplot technique on different plants.
Varieties that adapt more easily to climatic
conditions and have higher yield
performance are preferred more by
producers in different regions (Yasar et al.,
2023). It is also very important for
environmental studies to be carried out,
especially with less cost. It also gives very
satisfactory results for detecting the most
stable or highest varieties visually.
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Therefore, it is a preferred method to
identify stable varieties (Sousa et al., 2015;
Dallo et al., 2019). In this study; In the study
carried out in different locations, our main
aim was to visually determine the genotype
x environment effect by evaluating soybean
varieties in terms of greenmass yield with
the AMMI biplot technique and to evaluate
the genotypes accordingly.

2. Materials and Methods
2.1. Materials

Table 1. Some information about the varieties

The research was carried out in Adana,
Antalya, Manisa and Samsun locations
during the 2007 growing season. In the
study, 2 candidate varieties and 2 registered
varieties in our country were used as
material in the study (Table 1). The
coordinates of the locations are given in
Table 2 and the climatic data of the
locations are given in Table 3. The
experiment was carried out according to the
Randomized Complete Blocks Design with
six replications.

First Pod Days to Relative

e Variety Owner Registration Reclamation Plant Height . Protein  ADF NDF
Varieties Organization Year lace (cm) Height green Ratio (%) (%) (%) Feed
& P (cm) maturity Value
1530 Eastern Mediterranean
- Agricultural Research 2008 Tiirkiye 106-156 4-27 112-117 11.6-143 373 4938 112.6
(Yemsoy) .
Institute
517 Eastern Mediterranean
. Agricultural Research 2008 Tiirkiye 100-168 6-18 109-120 14.7-152 342 448 129.9
(Yesilsoy) .
Institute
Eastern Mediterranean
Tirksoy Agricultural Research 2002 Tiirkiye 94-160 7-15 113-115 13.9-145 37.6 46.7 120.0
Institute
Eastern Mediterranean
Nazlican Agricultural Research 2002 Tiirkiye 85-126 5-20 108-117 12.1-14.0 37.6 46.7 120.0

Institute

Source: Variety Registration and Seed Certification Center, Ankara,-2022

Table 2. Information about the location

Location Coordinates

Location Altitude (m)
Adana/Yiiregir 12
Antalya/Aksu 34
Manisa/Beydere 32
Samsun/Tekkekdy 3

Latitude
36°51'13.10"K
36°52'35.89"K
38°43'57.17"K
41°13'40.66"K

Longitude
35°21'12.96"D
30°43'31.19"D
27°31'38.55"D
36°30'10.20"D

Table 3. Climate data of locations

Climate Factors

Total Precipitation (mm) Average temperature (°C) Average Humidity (%)
. Years Years Years
Locations

2010-2022 2007 2010-2022 2007 2010-2021 2007
Adana/Yiiregir 188.5 173.9 24.3 24.6 71.4 66.3
Antalya/Aksu 112.3 28.2 24.3 25.2 67.7 58.6
Manisa/Beydere 49.2 332 24.1 24.3 47.7 39.5
Samsun/Tekkekoy 3325 302.8 20.5 20.1 77.2 67.8

Source: General Directorate of Meteorology-Ankara (Average data from April to September)
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2.2. Methods

This study was carried out in 6
repetitions according to the Randomized
Complete Block Design. Trial plantings;
Adana 01 May 2007, Samsun 11 May 2007,
Manisa 25 April 2007 and Antalya 03 May
2007. In the experiments, the planting depth
was determined as 3-5 cm, the row spacing
was 60 cm, the row spacing was 5 cm, the
plot length was 5 m and 6 rows, and only
the middle 4 rows were harvested in the
trials. The seeds used in the experiment
were 25 cc per 8 kg seed. Treated with
1x10° Bradyrhizobium japonicum nitrogen
bacteria. In the trials, 3.6 kg da!' N and 9.2
kg da’' P2Os fertilizer were used. In the
research; Greenmass Yield (kg da™) (For
the measurement of soybean agricultural
values, the plants harvested from 4 meters
are tied with a rope and weighed with a hand
scale and converted to yield per decare)
Investigations were carried out in
accordance with the directive of the Variety
Registration and Seed Certification Center.
Harvesting was done in the R-6 period at the
full grain filling period just before the onset
of light yellowing of the leaves and bean
bark. Harvest dates of the experiment;
Adana 21 September 2007, Samsun 14
September 2007, Manisa 19 September
2007 and Antalya 22 August 2007.

2.3. Statistical analysis

In the research; The greenmass yield
obtained from four different locations was
evaluated. The variance analysis of the data

Table 4. Variance analysis table (AMMI)

obtained from the greenmass yield in the
study was performed in the Randomized
Complete Block Design by using the J.M.P
7.0 (Copyright © 2007 SAS Institute Inc.)
package program, and the averages of the
important factors were determined by LSD
grouped by test. In addition, AMMI
analysis was made using the Genstat 12
package program, graphics were created
and interpreted.

3. Results and Discussion

The data obtained from the study carried
out with 4 soybean varieties for silage in
four different locations were evaluated with
the AMMI (Additive Main Effects and
Multiplicative ~ Interactions)  analysis
method. According to the analysis of
variance; variety, location, variety location
interaction and PC1 were statistically
significant (P<0.01, P<0.05) in terms of
greenmass yield (Table 4). According to the
AMMI analysis, 92.0% of the average
square footage is affected by the
environment, 5.84% by the environment
and 2.14% by the interaction, respectively.
According to the results of the main effects
and multiplicative interactions (AMMI)
analysis, it has been shown that there are
significant differences between the varieties
in terms of hectoliter weight and the
environment affects the variation more than
other sources of variation. Differences in
greenmass yield in soybean silage were
grouped according to LSD test. The data
obtained from each location in the study
were grouped independently (Table 6).

Variation Sources

Degrees of Freedom Sum of Squares Mean Squares

Total 95
Applications 15
Genotypes 3
Locations 3
Blok 20
GElI(interaksiyon) 9
IPCA 5
IPCA 3
Error 60

155867839
132380578
7425452
116785471
5303751
8169654
6024972
1941649
18183510

F Value Impact Rate (%)
1640714 *
8825372 29.12
2475151 8.17** 5.84
38928490 146.8%%* 92.00
265188 0.88
907739 Rkio 2.14
1204994 3.98%* 65.0
647216 2.14ns 35.0
303059

##:P<0.01,*;P<0.05 significant, ns: not significant
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The genotypexenvironment interaction
demonstrated by the AMMI analysis model
has been reported by many researchers,
especially when the interaction is split
between two principal component axes
(IPCA 1 and IPCA 2) (Kendal and Tekdal,
2018; Yan and Hunt, 2001). This model of
AMMI analysis calculates genotype
environmental effects in two ways.
According to the results of the mean squares
error, the PCA 1 (Principal component axis)
axis was found to be significant compared
to 1.0% (Table 4).

The AMMI model evaluated the
greenmass yield values obtained from four
environments and belonging to five
varieties over two principal component
axes, and the effect of each component axis
on the interaction was found. According to
the results of the analysis, it was determined
that TBE 1 had an effect on the interaction

in the total variation at the rate of 65.0% of
the mean squares and 35.0% of the TBA2,
and only TBE 1 was significant for 1% and
TBE 2 was insignificant (Table 4). Gauch
and Zobel (1996) report that the AMMI
model is a very accurate model that can
evaluate both principal component axes or
more together and reveal how much each of
them affects the genotype-environment
interaction. From the principal component
axis values of the genotypes (IPCOpen|[1],
high value “+” positive value, IPCCC[2]
low positive value, these genotypes are
stable in all environments; likewise,
environments (IPCOpen[1], high “+” value)
positive value and IPCA¢[2] with a low
positive value indicates that it is very

favorable (Table 4, Table 5). The
multidimensional  analysis model is
generally evaluated with the AMMI

analysis model (Carbonell et al., 2004).

Table 5. Averages and scores of circles according to AMMI analysis results

Locations Average Greenmass yield (kg da-!) Variance IPCAg[1] IPCA¢[2]
Adana 3186 5482 -1.827.983 1.465.551
Antalya 5482 5152 -1.184.943 -1.423.439
Manisa 5152 3186 2.113.223 848.930
Samsun 3064 3064 899.703 -891.042

When the greenmass yield was evaluated
over the average of the locations, the data
varied between 3186-5486 kg da’!, while
the highest greenmass yield was obtained
from Adana location (Table 6). It can be
said that the greenmass yield in the season
in which the research was conducted is
generally a little higher in Adana location
compared to other locations. They
confirmed our study by stating that this may
be due to the environmental conditions in
the Adana location during the growing
season and that greenmass yield is a kind of
feature in their previous studies on this
subject, but there may be some changes
according to the years and climate (Ozer,
2001). According to the average of the
genotypes, the greenmass yield varied
between 3918-4520 kg da’!, the highest

greenmass yield was obtained from 1530
(Yemsoy) variety, and the lowest
greenmass yield was obtained from
Tiirksoy variety. Kokten et al., (2014) in
their study with 12 different soybean
varieties in Bingdl conditions, determined
that the greenmass yield was between 1204
— 1652 kg da™!, Senbek and A¢ikgoz (2019)
with 12 lines and 4 soybean varieties in
Bursa ecological conditions. Greenmass
yield was between 2200 — 7687 kg da’!,
Altinok et al. (2004) determined that the
greenmass yield was between 1912-2819 kg
da’! in 2000, between 1160 and 2252 kg da”
"in 2001, Ozer (2021), in a study conducted
with 5 different soybean varieties in Edirne,
in the first year. They reported that it varies
between 1103-1450 kg da’', and in the
second year between 480-603 kg da™.
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Table 6. Values and groups of greenmass yield traits in the study

Varieties Adana Antalya Manisa Samsun Average IPCAg[1] IPCAg[2]
1530 6310 a 5676 a 2956 be 3138 4520 A -2.550.4 368.559
517 4849 ¢ 5140 b 2859 ¢ 3034 3971 B 449.588 -2.037.4
Tiirksoy 5001 ¢ 4458 ¢ 3297 ab 2913 3918 B 1.794.58 903.629
Nazlican 5764 b 5336 ab 3633 a 3172 4476 A 306.203 765.164
Average 5481 A 5152 B 3186 C 3064 C 4221 Variety :317.9%*
LSD (0.05) 415.3%* 485.5%* 376.7*%* 668.1ns LSD (0.05) Locations:310.1%*
CV(%) 6.15 7.65 8.86 17.7 GXE  :635.7%

LSD: Low significant difference, CV: coefficient of variation, **:P<0.01,*;P<0.05 significant, ns: not significant

Greenmass yield may vary depending on
environmental factors as well as genetic
characteristics of genotypes. Greenmass
yield in genotype-environment interaction
changed between 5001-6310 kg da! in
Adana location, the highest greenmass yield
was obtained from 1530 (Yemsoy) variety
and the lowest greenmass yield was
obtained from Tirksoy variety. In Antalya
location, the highest greenmass yield,
which changed between 4458-5676 kg da™!,
was obtained from 1530 (Yemsoy) variety
and the lowest greenmass yield was
obtained from Tiirksoy variety. The highest
greenmass yield was obtained from
Nazlican variety, and the lowest greenmass
yield was obtained from 517 (Yesilsoy)
variety in Manisa location, varying between
2859-3633 kg da’!. In Samsun location, the
highest greenmass yield was obtained from

1530 (Yemsoy) variety, and the lowest
greenmass yield was obtained from
Tiirksoy variety, varying between 2913-
3138 kg dal. It shows that the genetic
characteristics of the genotypes are
effective in the same varieties having the
highest and lowest greenmass yield in the
other three locations, except Samsun, and
the fact that different varieties have the
highest and lowest values in the Samsun
location shows that the greenmass yield
may partially change depending on the
effect of the environment.

Visually in AMMI analysis, the x-axis
on the figure explains the main effect of the
varieties and the environment, and the y-
axis explains the interaction (Asfaw et al.,
2009). (Figure 1).

Plot of Gen & Env IPCA 2 scores versus means
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Figure 1. AMMI Chart Constructed from Data of Four Environments
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Environment and varieties varied a lot in
terms of both basic effect and interaction. In
the AMMI visualy; According to the results
obtained with the AMMI analysis
technique, in the evaluation made on the
average  greenmass yield of all
environments, 1530 (Yemsoy) variety had
the highest greenmass yield in the average
of all four locations, while the Nazlican
variety was above the average (vertical)
curve and showed high performance. It was
determined that 1530 (Yemsoy) varieties
were the most stable in terms of greenmass
yield, while Tiirksoy and 517 (Yesilsoy)
varieties were far from the stability
(horizontal) curve. Among the locations,
Adana and Antalya locations were above
the average curve in terms of greenmass
yield, while the other two locations were
below the average curve. In this analysis, it

was visually revealed that the green herb
yield from Adana and Antalya locations
was higher than the other locations, 1530
(Yemsoy) was superior to other varieties
and was stable, and Nazlican had a high
performance (Figure 1). According to
Mirosavlievic et al., (2014), varieties with
low PCA 2 values are more stable, while
according to Becker and Leon (1988), the
basic statistical concept of stability shows
minimal variation of stable varieties in all
environments. High yielding genotypes
represent dynamic stability and are used in
commercial plant breeding (Flores et al.,
1998). Similar results; It was also identified
by Kendal and Tekdal (2016). In addition,
with the sector analysis, the locations were
grouped and the most suitable genotypes
were determined for each sector and trait
group (Figure 2).
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Figure 2. Sector analysis in AMMI biplot technique

As seen in Figure 2, a total of 4 different
sectors have been formed in terms of
varieties and locations. Considering only
their locations, all three of the other
locations, except for the Manisa location,
formed the same group and took place in the
same sector (1st sector). Thus, the use of

only one of the locations in the same group
of studies to be carried out with these
varieties in terms of greenmass yield will
reduce the cost. Therefore, it shows that the
environments in the same group are
ecologically similar. Along with these
locations, 1530 (Yemsoy) varieties are also
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in the same sector, showing that they
perform well in these locations. The Manisa
location alone has created a separate mega-
environment and, together with the
Nazlican variety, has taken place in a
different (2nd sector) sector. It can be said
that there is a correlation between the
varieties and locations located in the same
sector. Tirksoy and 517 (Yesilsoy) varieties
show that they show low performance in
terms of locations by taking place in the
sector where there is no independent
location and no location. The GGE biplot
technique makes it easy for us to visually
interpret relationships (Sousa et al., 2015).
The ranking biplot method, which is based
on the greenmass yield data obtained from
the locations and ranks the varieties
according to their stability, is given in

Figure 3. It is a model that ranks the
varieties in terms of stability (horizontal)
and mean (vertical) baseline curves for all
locations in multi-location studies. This
model has been used in many studies and by
many researchers (Yan and Rajcan, 2002;
Kilig et al., 2018; Yasar et al., 2023). In line
with these explanations, in Figure 3, 1530
(Yemsoy) varieties were found to be the
most stable in terms of all four locations,
while Tiirksoy and 517 (Yesilsoy) varieties
were unstable. In addition, it can be said that
the Nazlican variety used in the study is a
suitable variety candidate as it is located
both above the average and close to the
stability curve. It was concluded that stable
varieties should be preferred in a study to be
carried out in terms of greenmass yield or to
determine varieties.

Ranking biplot (Total - 94.63%)
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Figure 3. Stability of varieties in the Ranking biplot model

In addition, in the comparison model, an
ideal center can be created according to the
average of all locations and genotypes can

be ranked according to this center (Figure
4).
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Figure 4. Determination of the most ideal varieties with the Comparison method

Accordingly, 1530 (Yemsoy) variety
was determined to be the most ideal variety
since it is the closest variety to the ideal
center. In addition, Nazlican variety was
found to be preferable in terms of
greenmass yield since they are located close
to the ideal center and above the average
curve in terms of all locations. In addition,
Tirksoy and 517 (Yesilsoy) varieties are

both below the average and far from the
ideal center. Determining the most ideal
variety in terms of locations is very
important for aquaculture and will pave the
way for increasing yield. According to the
results of the AMMI analysis, the ranking
of the first four varieties that can be
recommended for each environment,
respectively, is given in Table 7.

Table 7. Top four preferable varieties for every environment according to AMMI analysis

Average Varieties to be Preferred First
Locations Greenmass yield Scores of locations
(kg da-!) 1. cesit 2. ¢esit 3. ¢esit 4. cesit
Manisa 3186 21.13 Nazlican  Tiirksoy 1530 517
Adana 5482 -18.28 1530 Nazlican Tiirksoy 517
Antalya 5152 -11.85 1530 Nazlican 517 Tiirksoy
Samsun 3064 9.00 Nazlican 1530 517 Tiirksoy

As a result of this analysis, it is seen in
the order that the genotypes that can be
preferred or selected in the first and second
place for almost all environments are 1530
(Yemsoy) and Nazlican varieties, and the
genotypes that should be preferred in the
3rd and 4th place are 517 (Yesilsoy) and
Tiirksoy varieties (Table 7). In addition, by

looking at the results of the AMMI analysis
in Table 7, it seems possible to select stable
varieties with high primary or secondary
grass yields for each environment or for
more than one environment. Kendal and
Dogan (2015) reported that AMMI analysis
has the trait of conveying extremely
important results in terms of seeing the most
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suitable genotypes or variety candidates
that should be preferred in the first two
places in studies conducted in more than
one environment and supports our study.

4. Conclusions

In the study carried out in different
locations, the results showed that 1530
(Yemsoy) variety was superior to the other
3 varieties in terms of greenmass yield and
1530 (Yemsoy) variety was the most stable.
Three locations, except Manisa location, are
located in the same Mega-environment.
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Yozgat Kosullarinda Yem Bezelyesi ve Macar Figi ile Tritikale ikili
Karnisimlarinda Ot Kalitesinin Belirlenmesi
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Ozet

Yozgat kosullarinda yem bezelyesi (Pisum sativum ssp. arvense L.
“YB”) ve Macar figi (Vicia pannonica C. “MF”) ile tritikale (X
triticosecale Wittmack. “T”) ikili karisgimlarinda ot kalitesinin
belirlenmesi amaciyla yapilan bu c¢alisma, 2021-2022 vejetasyon
doneminde Yozgat Yerkoy ilgesinde yiiriitiilmiistiir. Calismada
Macar figi, yem bezelyesi ile tritikalenin tohumlar1 her baklagil i¢in
4 farkl karisim oraninda (% 80 MF-YB + % 20 T, % 60 MF-YB +
% 40 T, % 40 MF-YB + % 60 T, % 20 MF-YB + % 80 T) ve yalin
ekimleri yapilmistir. Denemede parseller 6 metre uzunlugunda ve
sira aras1 20 cm olacak sekilde 6 sira olarak ayarlanmis. Ot verimi
ve kalitesi i¢in yesil ot verimi, kuru ot verimi, ham protein orant,
ham protein verimi, ADF, NDF, Ca, K, Mg ve P gibi o6zellikler
incelenmistir. Incelenen 6zelliklerin tiimii karisik ekim oranlarindan
onemli derecede etkilenmistir. Islemlerin kuru ot verimi 463 kg da’!
(yalin Macar figi) ile 957 kg da! (80:20T/YB) arasinda degisim
gostermistir. Ham protein verimi bakimmdan 80:20T/YB (155.9 kg
da') karistm orani en yiiksek bulunmustur. Ot kalitesi bakimindan
karigik ekimler yalin ekimlerden daha iyi sonug¢ vermistir. Yapilan
caligma sonucunda ot verimi ve kalitesi bakimindan 80:20T/YB
karisim orani, Yozgat ve benzer ekolojiye sahip bolgeler igin
onerilmektedir.

Arastirma Makalesi

Makale Tarihcesi
Gelis Tarihi :15.12.2022
Kabul Tarihi :05.01.2023

Anahtar Kelimeler
Macar figi
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Determination of Forage Quality in Triticale Binary Mixtures With Fodder Pea
and Hungarian Vetch in Yozgat Conditions

Abstract

This study was conducted to determine the forage quality of forage
peas (Pisum sativum ssp. arvense L.) and Hungarian vetch (Vicia
pannonica C.) and triticale (X triticosecale Wittmack.) binary
mixtures in Yozgat conditions, was carried out in Yozgat Yerkoy
district during the vegetation period of 2021-2022. In the study,
seeds of Hungarian vetch, forage pea and triticale were sowed in 4
different mixture ratios (80% MF-YB + 20% T, 60% MF-YB + 40%
T, 40% MF-YB + 60% T, 20% MF-YB + 80% T) for each legume,
and pure sowing. In the experiment, the plots were arranged in 6
rows with a length of 6 meters and 20 cm between rows. For forage
yield and quality, green forage yield, hay yield, crude protein ratio,
crude protein yield, ADF, NDF, Ca, K, Mg and P were investigated
for quality. All of the examined traits were significantly affected by
the mixed sowing rates. The hay yield of the treatments varied
between 463 kg da”! (Hungarian vetch) and 957 kg da™' (80:20T/YB).
In terms of crude protein yield, the mixture ratio of 80:20T/YB
(155.9 kg da'!) was found to be the highest. In terms of both grass
mixed sowing yielded better results than pure sowing. As a result of
the study, 80:20 T/YB mixture ratios in terms of forage yield and
quality recommended for Yozgat and regions with similar ecology.
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1. Giris

Giinliik hayatta insanlarin yasamlarin
stirdiirebilmeleri icin gerek duyduklar
besin maddelerine ihtiyaglar1 vardir. Bu
besin maddeleri arasinda bir kisinin
yeterince beslenmesi icin giinlilk almasi
gereken protein 70 gramdir. Bu protein
miktarinin yarist hayvansal iriinlerden
diger yarist da Dbitkisel iiriinlerden
karsilanmalidir.  Hayvansal  gidalardan
alman proteinin  sindirilmesi, bitkisel
gidalardan alinan proteinlerden daha
kolaydir. Nitekim Tiirkiye’de tiiketilen
giinliik protein miktar1 diger tilkeler ile ayn
diizeyde olmasina ragmen, bitkisel
tirinlerden alinan protein miktarinin biiytik
bir bolimiinii olusturmaktadir. Bununla
birlikte iilkemizde hayvansal kokenli
tiriinlerin yeterince titkketilmemesi
sonucunda mineral (Ca ve Fe) ve vitamin (A
vitamini) eksiklikleri ortaya c¢ikmaktadir.
Dolayisiyla insan viicudu i¢in gerekli besin
maddeleri hem bitkisel hem de hayvansal
kaynakli olup, bu kaynaklardan sadece
biriyle beslenme sekli ileride ciddi saglik
problemlerine yol agabilir (Giindiiz, 2010).

Ulkemizde Haziran 2022 yili itibariyle
mevcut biliyiikbag hayvan sayis1 18 milyon
(BBHB) civarindadir (Anonim, 2022).
Biiylikbas hayvanlarda giinliik ortalama
alinan kaliteli kaba yem miktar1 12.5 kg
olmaktadir. Yillik bu miktar 82 milyon tona
karsilik gelmektedir. Buna karsin tarim
arazileri ve meralardan gelen yillik miktar
31 milyon ton civarinda olurken, hali
hazirda olmas1 gereken miktar ile elde
edilen miktar arasinda biiytlik bir agik (51
milyon ton) vardir. Tirkiye’de ¢iftlik
hayvani yetistiriciligi yapan isletmelerdeki
biiyiik sorunlarindan biri de nitelikli kaba
yem agigidir. Ayni zamanda niifus artisina
paralel olarak hayvanciligin gelismesi ve
hayvansal {iriinlere olan ihtiyacin artmasi
ille yem  ihtiyacomin  da  arttigi
gozlenmektedir. Bu baglamda hayvansal
iiretimde kalite artis1 hayvanlarin dengeli ve
kaliteli yemlerle beslenmesi ile

saglanabilmektedir. Kaliteli yem; yem
bitkilerinin besin, enerji degeri,
hazmedilebilir orani, mineral maddelerin
miktari, vitaminler, protein orani ve kalitesi
gibi bilesikler ile iligkilidir.

Tarimsal {retim yapilan arazilerin
alanlarinin artirilamadigr ve bu arazilerin
farkli sebeplerle ekim oranlarinin diismesi
ile tarla ve yem bitkileri iiretiminin de
diismesine yol agmaktadir. Besicilik ve siit
sigirciligl yapan isletmelerde en Onemli
unsur olarak karsimiza ¢ikmaktadir. Tarim
alanlarinin  azalmasi ile bizlere farkl
yetistirme metotlariyla mevcut alandan
daha fazla verim almamiza olanak
saglayabilir. Su sorununun yasanmadigi
bolgelerde birinci ekimden sonra ikinci
ekim i¢in Ozellikle yem bitkileri ekimi
yaparak c¢ifteiler bu konuda tesvik
edilmelidir.

Son yillarda hayvancilikta yasanan
verim artist ve artan ¢iftlik hayvani
sayistyla birlikte ve dogru orantili olarak
yem bitkisi ihtiyaci da tiim diinyada stirekli
olarak artig gostermektedir. Bu durum uzun
vadede problem olusturmaktadir ve ¢6ziim
yollarinin ivedilikle aranmasl
gerekmektedir. Ozellikle yeryiiziindeki
arazi varliginin sabit olmasi, hatta cevresel
etmenlerden dolay1 ekilebilir alanlarin
giinden giine azalmasi (yapilasma, erozyon
vb.) ve miidahale edilebilir olmamasindan
dolay1 en makul se¢enek sliphesiz ki mevcut
araziden daha fazla istifade etmek olacaktir.
Bunun su an i¢in uygulanabilir en iyi yolu
ise ekilen mevcut arazilerden yiiksek verim
ve kalite artis1 elde etmekten gegmektedir.
Yem bitkilerinde kalite, tiiketilen yemin
hayvansal iirline doniisebilme orani olarak
tamimlanmaktadir. Bu nedenle de kalite;
yemin besleme degerine, sindirilebilirligine,
hayvan tarafindan tiiketilme istegine ve
yemde bulunan anti-besin faktorlerinin
etkisine bagli olarak degismektedir (Collins
ve Fritz, 2003).

Yem  bitkileri, topragin  yapisal
ozelliklerine etki eden, ekim nobeti ile diger
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ekimi yapilacak tiirlerin miktarin1 ve
kalitesini arttiran  etkileri  oldugu
bilinmektedir. Baklagil yem bitkileri,

organik tarim yapilan sistemlerde esas
bitkinin almasi gereken azot miktarin
onemli bir kismimi karsilayabilmektedir.
Kanisik ekimlerde bir ekim periyodu
doneminde ayni alana birden fazla bitki
tiriiniin  beraber yetistirilmesi islemidir.
Karisik ekim, yem bitkilerindeki yatma
problemini ortadan kaldirmaktadir. Diger
bir avantaji ise bircok yem bitkisinin
tohumu kiiciik oldugu icin fazla yagis
sonras1 toprak ylizeyine c¢ikamama gibi
olumsuz yonlerini tahillarla beraber ekimi
yapilarak bu sorunlar1 ortadan
kaldirilmaktadir.

Bu ¢alisma ile farkli oranlarinda Macar
figi (Vicia pannonica Crantz.) ve yem
bezelyesi (Pisum sativum ssp. arvense L.)
ile tritikalenin (X triticosecale Wittmack.)
karisik ekimlerinde ot verim kalitesinin
belirlenmesi planlanmstir.

2. Materyal ve Yontem
2.1. Materyal

Calismada Macar figi (Vicia pannonica
Crantz.) Altinova 2002, yem bezelyesi
(Pisum sativum ssp. arvense L.) Ozkaynak
ile tritikalenin (X triticosecale Wittmack.)
Karma 2000 tohumlar1 materyal olarak
kullanilmustir.

Arazinin 3 farkli yerinden ve 30 cm
derinlikten alinan toprak ornekleri Yozgat
Ziraat Odas1 tarafindan analiz edilmistir.
Aragtirma yerinin toprak oOzelliklerine
bakildiginda, killi tinli toprak sahip, hafif
tuzlu, orta kiregli, organik madde igerigi
orta sevide ve fosfor iceriginin yiiksek bir
toprak yapisinda oldugu goriilmektedir.

2.2. iklim ozellikleri

Calismanin yapildig1 2021-2022 yili ile
uzun yillara (1929-2021) ait iklim verileri
Tablo 1’de sunulmustur.

Tablo 1. Yozgat ili uzun yillar (1929-2021) ve arastirma yilina (2021-2022) ait Sicaklik (°C),
ortalama nispi nem (%) ve toplam yagis miktar1 (mm)

Ortalama Sicakhk

Ortalama Nispi Nem

Toplam Yagis (mm) ©C) (%)
Uzun Uzun Uzun
Aylar 2021-2022 Yillar 2021-2022 Yillar 2021-2022 Yillar
Kasim 65.4 53.7 6.6 5.1 72.8 71.9
Aralik 77.1 75.9 1.9 0.6 74.7 711
Ocak 121.1 67.9 10.1 17 62.9 71.6
Subat 488 59.8 24 0.6 76.6 75.3
Mart 833 68.2 0.2 3.0 77.1 70.9
Nisan 164 583 -15 8.5 73.9 64.9
Mayis 50.2 66.3 11.6 13.1 474 63.5
Haziran 98.9 674 175 16.7 64.3 60.7
Temmuz 12 27.1 18.5 19.6 579 56.0
Top./Ort. 562.4 544.6 6.9 71 67.5 68.7
Meteoroloji Genel Miidiirliigiin Yozgat ili uzun yillar ve aragtirma yilina ait veriler (Anonim, 2023)
Tablo 1°de de goriildiigi gibi, Yozgat  gerceklesmis, uzun yillar ortalamasina
kosullarinda arastirmanin yapildigi gore, 2021-2022 yetistirme

yetistirme donemine ait uzun yillar yagis
ortalamasi 544.6 mm olmustur. Bu veri
denemenin basladig1 yi1lda 562.4 mm olarak

periyodundal7.8 mm daha fazla yagis
gerceklesmistir.
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Yozgat’ta uzun yillar (1929-2021)
sicaklik  ortalamast1  7.1°'C  olmustur.
Caligmanin yapildig1 2021-2022 yetistirme
periyodunda ortalama sicaklik 6.9 ‘C’dir.
Bu deger uzun yillar ortalamasina gore daha
diisiik bir degerdir. Yozgat’ta uzun yillar
ortalamasina gore nispi nem % 68.7, 2021-
2022 yetistirme periyodunda ise % 67.5 dir.

Deneme 2021/2022 vejetasyon donemi
icerisinde YOBU Arastirma ve Uygulama
Merkezinde ytiriitiilmiistiir. Ekim iglemi her
baklagil i¢in 4 farkli oranda (% 80 MF-YB
+ % 20 T, % 60 MF-YB + % 40 T, % 40
MF-YB + % 60 T, % 20 MF-YB + % 80 T)
ve yalin olarak kasim ay1 igerisinde
yapilmistir. Deneme, tesadiif bloklar
deneme desenine gore 3 tekrarlamali olarak
kurulmustur. Denemede parseller 6 metre
uzunlugunda ve sira arasi 20 cm olacak
sekilde 6 sira el ile acilarak ve bir sira
bugdaygil bir sira baklagil olacak sekilde
ekim yapilmistir. Dekara atilan tohum
miktart Macar figi ve yem bezelyesinde 12
kg, tritikalede 22 kg seklinde ayarlanmastir.
Karigimlara girecek tohumluk miktari, yalin
ekimlerde kullanilan miktar ve karisim
orani iizerinden hesaplanmustir (Onal-Asc1
ve Egritas, 2017). Deneme yetistirme
sezonu boyunca 1 defa sulanmigtir.

2.3. Ot verimi ve kalite parametreleri

Yalin ve karisim parsellerinde hasat
zamani tritikalenin gelisim donemi baz
alarak, tritikale basaklanma doneminde
ve baklagiller ¢igeklenme donemindeyken
yapilmustir. Yapilan gézlem ve 6l¢timler:

Yesil ot verimi (kg da™): Her parselde
kenar tesiri (0.5 m) ¢ikarilarak bigim islemi
sonrasinda karigim parsellerinde tiirler ayr1
ayri1 tartilmis ve dekara yesil ot verimi
hesaplanmastir.

Kuru ot verimi (kg da'): Yesil ot
verimleri icin belirlenen her parselden
rastgele alman 300 g 6rnek 60 "C’de sabit
agirliga gelene kadar kurutulmus, kurutulan
ornekler tartilarak kuru ot oranlar1 kuru ot
oranlarinin yesil ot verimleri ile ¢arpilmasi

ile de dekara kuru ot verimleri kg olarak
hesaplanmistir (Koger, 2011).

Ham protein, ADF, NDF oranlar1 ve
mineral madde igerikleri (Ca, K, Mg ve P)
(%): Kurutulmus ornekler laboratuvarda
degirmen ile oOgiitillerek analize hazir
duruma getirilmigtir. Ogiitiilen
materyallerin ham protein oranlar1 Foss
NIR Systems Model 6500 Win IST II v1.5
cithazinda IC-0904-FE kalibrasyon
programi kullanilarak belirlenmistir.

Ham protein verimi (kg da™): Her islem
icin belirlenmis olan dekara kuru ot verimi
ile ham protein oraninin ¢arpilmasiyla kg
da’! cinsinden elde edilmistir.

2.4. Verilerin degerlendirilmesi

Elde edilen sonuglar SPSS 20.0 istatistik
paket programi kullanilarak, tesadif
bloklar1 deneme desenine gore istatistiki
analize tabi tutulmustur. Aralarinda
farklilik belirlenen iglemlerin ortalamalari
Duncan ¢oklu karsilastirma testine gore
degerlendirilerek gruplandirmalar1
yapilmuistir.

3. Bulgular ve Tartisma

Yozgat ekolojik kosullarinda Macar figi
ve yem bezelyesi ile tritikalenin farkli
karisim oranlarinda ot verim ve kalitesi
incelenmis olup sonuclart ayr1 ayri
verilmistir.

Macar figi, yem bezelyesi ile tritikalenin
farkli karisimlarinda ot verimi ve kalitesinin
belirlenmesinin amaclandigi bu denemede
yesil ot verimi, kuru ot verimi, ADF ve
NDF degerlerine ait ortalamalar ve Duncan
gruplandirmast Tablo 2’de gosterilmistir.
Tablo 2’de verilen tim ozelliklere iligkin
ortalama degerler arasindaki farkliliklar
istatistiki acidan ¢ok Onemli (p<0.01)
bulunmustur.
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Tablo 2. Tritikale ile Macar figi ve yem bezelyesi karisik ekimlerinin yesil ot verimi (kg da™), kuru
ot verimi (kg da™"), ham protein orani (%), ham protein verimi (kg da™'), ADF ve NDF oranlari (%)

Yesil ot Kuruot Ham protein Ham protein = ADF NDF
Ekim Oranlar verimi** verimi** oram** verimi** oram** orani**
Tritikale (T) 2920 be 778 ab 14.411 113.6 cd 32.58a 63.04 a
Macar figi (MF) 1713 g 463 g 2292 a 106.0 e 20.38 fg 30.71 h
Yem bezelyesi (YB) 1807 g 475 ¢ 2278 a 106.1e 19.11¢g 31.83h
20:80 T/MF 2130 def 575 ef 20.26 b 116.5¢ 23.16 ¢ 37.62 ¢
40:60 T/MF 2630 cd 710 cd 1851e 131.4 be 25.10 cd 43.38 ef
60:40 T/MF 2340 cde 632 de 17.98 £ 113.6 cd 24.05 de 46.65 d
80:20 T/MF 3313 ab 695 be 16.11h 144.1b 28.61b 53.92b
20:80 T/'YB 1923 f 552 f 19.70 ¢ 108.8 de 23.65e 42.07 £
40:60 T/'YB 2067 ef 568 ef 19.70 d 111.9d 24.36 de 4213 f
60:40 T/'YB 2500 cd 676 cd 19.28 cd 130.1 be 2094 f 43.62¢
80:20 T/'YB 3543 a 957 a 1630 g 1559 a 26.27 ¢ 51.87c
Ortalama 2444 644 18.90 121.7 24.38 44.26

**: p<0.01; Ayn1 harfle gosterilen ortalamalar arasinda fark yoktur (p<0.05)

Yalin ve farkli karistm oranlarinin en
yiiksek yesil ot verimi, %80 oraninda
tritikalenin bulundugu; 80:20 T/YB (3543
kg da') ve 80:20 T/MF (3313 kg dal)
karisimlarinda tespit edilmistir. En diistik
yesil ot verimi ise ayni istatistiki grupta yer
alan baklagil yalin ekimlerinde (MF: 1713
kg da!, YB: 1807 kg da!) belirlenmistir.
Tablo 2’ye baktigimizda kuru ot veriminin
463 ile 957 kg/da arasinda degisim
gosterdigi  goriilmektedir.  Arastirmada
80:20 T/YB karisimi (957 kg da™!) ile yalin
tritikaleden (778 kg da') yiiksek, yalin
ekimi yapilan Macar figi (463 kg da™') ve
yem bezelyesinde (475 kg da!) diisiik kuru
ot verimi elde edilmistir. Uygulamalarin
ortalama yesil ve kuru ot verimleri ise
sirastyla 2444 ile 644 kg da'olmustur.
Ayrica, genel olarak karisim oranlarinda
tritikalenin artmasi ile yesil ot ve kuru ot
veriminde artis gdzlenmistir.

Farkli karigim oranlarmin denendigi
onceki ¢alismalarda Kokten vd. (2009) en
yilksek kuru madde veriminin Adana
kosullarinda % 20 fig + % 80 tritikale
karigimindan, Kozan kosullarinda ise % 40
fig + % 60 tritikale karisimindan, Kokten ve
ark. (2018a) en yiiksek kuru ot verimini
Bingdl kosullarinda % 20 fig + % 80
tritikale karisgmindan  elde  edildigini,

Ozkan (2021) Afyonkarahisar ekolojik
kosullarinda yesil ve kuru ot verimi
bakimindan % 75 yem bezelyesi + % 25
tritikale karistim oraninin  en  uygun
oldugunu, Kurt (2022) Sanlurfa’da en
yiiksek kuru ve yas ot verim degerini % 60
yaygin fig + % 40 tritikale karistminda ve
Zengin (2022) ise Kirsehir ekolojik
sartlarinda yas ve kuru ot verimini en
yiksek % 20 MF + % 80 C (gavdar)
karigimindan (2084.7 ve 710.3 kg da)
tespit etmiglerdir. Bazi1 arastirmalarda
bildirilen yesil ot verimleri sirasiyla
Timuragaoglu (2004) 2022 kg da’,
Albayrak ve ark. (2005) kg da™!, Cil ve ark.
(2007) 2178 kg da'!, Ciar (2017) 2695.5 kg
da!, Kokten ve Kaplan (2018a) 1680.3-
2191.7 kg da’! arasinda bulmuslardir. Kuru
ot verimi ile ilgili yapilan ¢aligmalarda ise
en yliksek degeri Konak ve ark. (1997) 1118
kg dalile fig + yulaf karisiminda, Kokten
ve Kaplan (2018a) % 60 Macar fig ile % 40
tiritikale karisiminda bulmuslardir.
Calismada belirlenen en yiiksek ham
protein orani yalin ekimlerde sirasiyla %
100 MF (%22.92) ve % YB (%22.78) olarak
kaydedilmis ve ayni grupta yer aldigi
goriilmektedir. En yiiksek ham protein orani
ise bir tahil olan tritikalenin ekimlerinden
(% 14.41) elde edilmistir. Ortalama ham
protein orani da % 18.90 olmustur (Tablo
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2). Karnisimdaki baklagil orani azalmasi ile
ham protein oraninda azalma gozlenmistir
(Seydosoglu ve Bengisu, 2019; Seydosoglu
ve ark., 2020; Seydosoglu, 2020). Buna
bagli olarak ham protein oram ile
karisimlarda baklagil orani arasinda pozitif
bir korelasyon oldugu anlasilmaktadir.
Yapilan  karistk  ekimlerde  temel
amaclardan biri de otun kalitesini
artirmaktir. Nitekim Kir (2014), Enayat ve
ark. (2017), Kokten ve Kaplan (2018b),
Kokten ve ark. (2018b), Seydosoglu ve
Gelir (2019) ve Zengin (2022)’e gore
karisimlardaki baklagil oranmi arttikga ham
protein oraninin arttigini ifade etmiglerdir.

Elde edilen otun verimini ve protein
oranin1 birlikte kapsayan ham protein
verimi, verim ve kaliteyi belirleyen 6nemli
bir faktordiir. Karigik ekimlerin ham protein
verimi yalin ekimlerin ham protein
veriminden genellikle yiiksek ¢ikmaktadir.
Yaptigimiz calisma sonucunda
karisimlardan en yiiksek ham protein verimi
80:20 T/YB (155.9 kg da) goriilmektedir.
Yine karigimlardan en disiik protein
verimleri %100 MF (106.0 kg da') ile %
100 YB (106.1 kg da™) olurken ayn1 grupta
yer aldig tespit edilmistir (Tablo 2). Yem
kalitesini belirleyen etmenlerden biri de
ADF oranidir. Bu oran arttikca lif artisi
devam etmekte ve yem besin degeri
diismektedir (Ullrey ve ark., 1997; Canbolat
ve ark., 2006). ABD’de kaba yemlerin
kalite standardini belirlemek {izere otun
ADF ve NDF degerlerine gore bir
siniflandirma olusturulmustur. Buna gore
ADF degerleri sirasiyla <31 (miikemmel),
31-35 (¢ok 1yi), 36-40 (iyi), 41-42 (orta),

43-45 (fakir) ve >45 (kotii)
nitelendirilmistir.  Calismada incelenen
tirlerin ADF degerlerine ait analiz
sonuglari ¢ok onemli (p<0.01)

bulunmustur. En yiliksek ADF orani yalin
ekim % 100 T (% 32.58), en diisiik ADF
orani yine yalin ekim olan % 100 baklagil
(YB: % 19.11 ve MF: % 20.38), ortalama
ADF orani da % 24.38 olarak belirlenmistir.
Verilerdeki ADF sonuglarina baktigimizda
siiflandirma olarak sadece yalin tritikale
(% 32.58) cok iyi sinifinda olurken, diger
karigimlar miikemmel sinifinda yer almistir.
Ullrey ve ark. (1997) ve Canbolat ve ark.
(2006) NDF degerlerine gore siniflandirma
ise <40 (miikemmel), 40-46 (¢ok iyi), 47-53
(iyi), 54-60 (orta), 61-65 (fakir) ve >65
(kotii) derecelendirmislerdir. En yiiksek
NDF orant % 63.04 ile yalin ekim olan %
100 Tritikale, karisimlarda en diisiik NDF
orant % 37.62 ile 20:80 T/MF olmustur.
Karigimlardaki Macar figin diger bir degisle
baklagil oram1 azaldik¢a hiicre duvar
bilesenlerinden olan NDF ve ADF oram
artmaktadir. Karisimdaki bir diger baklagil
olan yem bezelyesi oram1 azaldikca NDF
orani artmakta, buna paralel olarak ADF
orani da artmaktadir. Tirlerin ortalama
NDF oran1 % 44.26 olarak bulunmustur.
Elde ettigimiz verilere bakildiginda
uygulamalarin ortalamas1 ADF (% 24.38)
orani ile miikemmel smifinda yer alirken,
NDF (% 44.26) orani ile de ¢ok iyi sinifinda
yer almistir (Tablo 2). Yapilan ¢alismada
tirlerin Ca ve K igerikleri Sekil 1’de
verilmis olup, analiz sonuglar1 ¢ok onemli
(p<0.01) bulunmustur. Ca igerigi en yiiksek
yalin MF (% 1.27), en diisiik ise yine yalin
ekim olan tritikale (% 0.19) oldugu
goriilmektedir. K mineral madde igerigine
baktigimizda en yiiksek oran 60:40 T/YB
(% 4.57) olurken, en diisiik oran tritikale (%
3.92) olmustur. Karisimlardaki MF ve YB
orani azaldik¢a Ca orami1 da paralel olarak
azalma goriilmiis, buna karsin MF ve YB
orani artarken K igerigi artmistir.
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Sekil 1. Tritikale ile Macar figi ve yem bezelyesi karisik ekimlerinin ortalama Ca (iist) ve K (alt) icerikleri (%)

Ay (2016) calismasinda karisimlardaki
kalsiyum ve  potasyum  oranlarinda
uygulamalar arasinda 6nemli farkliliklarin
oldugunu ve en yiiksek Ca oranim % 1.13,
yine en yiiksek K oranini ise % 2.09 olarak,
karisimlarda en uygun % 30 yulaf + % 70
yem bezelyesi ve % 40 arpa + % 60 yem
bezelyesi oldugunu tespit etmistir. Diger bir
calismada ise Glirsoy (2021), en yiiksek Ca
oranin1 yalin arpa ekiminde c¢i¢eklenme
oncesi devrede bulmustur. Egritas ve Onal-
As¢t  (2015) Yaygin fig + tahil
karisimlarinda minarelerin  belirlenmesi
amaciyla yaptiklar1 ¢aligmada; en yiiksek
Ca ve K oranlarimin sirastyla % 4.45 ve %
1.44 oldugunu belirtmislerdir. Kokten vd.
(2018b) Bingol kosullarinda farkli adi fig +
tritikale karigiminda potasyum oraninin %

0.642-0.864 ve kalsiyum oraninin % 0.68-
1.14 arasinda degistigini bildirmislerdir.

Farkli kanisik ekim oranlarinda yem
bezelyesi, Macar figi ve tritikalenin Mg ile
P igeriklerine iligkin ortalamalar ve Ducan

gruplandirmast  Sekil 2’de verilmistir.
Ortalamalar arasindaki farklar Mg ve P i¢in
cok onemli (p<0.01)  bulunmustur.

Karigimlarda magnezyum orani en yiiksek
bulunan yalin MF (%0.32) olurken, en
diisiik magnezyum igerigi ise 80:20 T/MF
(%0.13) ve 80:20 T/YB (%0.13) ayn1 grupta
yer almistir. Karigimlardaki fosfor igerigi en
yiiksek olan 40:60 T/MF (9%0.46), en diisiik
fosfor icerigi ayni gurupta yer alan yalin
tritikale ve yalin yem bezelyesinde
gorilmiistiir.
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Sekil 2.Tritikale ile Macar figi ve yem bezelyesi karisik ekimlerinin ortalama Mg (iist) ve P (alt) icerikleri (%)

Egritas ve Onal-Asc1 (2015) yaygin fig +
tah1l  karisimlarinda bazi  minarellerin
belirlenmesi amaciyla yaptiklari ¢aligmada;
en yiiksek Mg ve P oranlarinin sirastyla %
0.51 ve % 0.61 oldugunu tespit etmislerdir.
Ay (2016) ise yaptig1 calismasinda, en
yiiksek P oraninin % 0.33 oldugunu tespit
ederken, % 30 yulaf + % 70 yem bezelyesi
ve % 40 arpa + % 60 yem bezelyesi
karisimlarinin en uygun karisim oldugunu
bildirmistir. Kokten ve ark. (2018b) Bingol
kosullarinda farkli adi fig + tritikale
karigiminda fosfor oraninin % 0.107-0.167
ve magnezyum oranimnin % 0.205-0.322
arasinda degistigini bildirmislerdir. Giirsoy
(2021) c¢alismasinda, mineral madde
iceriklerinden en yiiksek Mg igerigi % 10
arpa kirmasi tam ¢igeklenmede % 0.86 ile,
yine en yiiksek P igerigi % 5 arpa kirmasi
ciceklenme Oncesi %0.41 ile tespit etmistir.

4. Sonu¢

Yapilan ¢alisma sonucunda ot verimi ve

kalitesi bakimindan tim O6zellikler birlikte
degerlendirildiginde, 80:20 T/YB karisim
oraninin diger karigim oranlarindan ve yalin
ekimlerden daha iistiin oldugu belirlenmis
olup, Yozgat ve benzer ekolojiye sahip
bolgeler i¢in dnerilmektedir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yayimna hazir son
halini gordiiklerini/okuduklarimi ve
onayladiklarini beyan ederler.

Cikar Catismasi Beyani

Tiim yazarlar, bu ¢alisma i¢in herhangi
bir c¢ikar catigmasit olmadigim1 beyan
etmektedir.

Aciklama

Bu calisma Ahmet MIRZA’nin Yozgat
Bozok Universitesi, Lisansiistii Enstitiisii
tarafindan tamamlanmis yiiksek lisans
tezinden iiretilmistir.
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Abstract Research Article
Due to the decrease in the quantity and quality of water resources in the
world, drought stress becomes important in plant cultivation and causes
changes in the physiological functions of economically important plants.
In order to obtain products in an economic sense, the optimum
environmental requirements of the plant species or variety grown must be
met. In order to increase these environmental demands, the use of plant
growth regulators, inspired by the regulating hormones naturally found in

the plant itself, is a common method recently. In our study, it was aimed Article History
to increase germination and germination factors by using plant growth Received 20.12.2022
regulators in silage sorghum. In the research, Nes sorghum variety, which Accepted 25.01.2023

was determined to be compatible with the region in the previous cultivar
yield study in the region, and Zeatin and Brassinolides growth regulators
were used as materials. Sorghum seeds were placed in each petri dish with
filter paper. Germination experiments of seeds were carried out at
20/25°C (day/night) for 10 days. Germinated seeds were counted at the
same time each day. When the rootlet reached 2 mm, the seed was
considered to be germinated and removed from the petri dish. At the end
of the research, the highest germination rate of sorghum seeds for silage

was obtained from 1% Zeatin + 1% Brassinolides application with a value Keywords
of 98.97%. Average values between 2.15 and 1.93 in the period until 50% Sorghum
germination were obtained from the control application with the highest drought
value of 2.15. Average germination index values varied between 36.80 hormone
and 28.84, and the highest germination index was obtained from 1% germination

Zeatin + 1% Brassinolides application. At the end of the research, it was
determined that hormone applications had positive effects on the
germination of silage sorghum seeds.
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1. Introduction

Drought is an important, slowly
developing natural disaster that has very
negative effects on the air, water and soil in
the affected area. Spatial and temporal
distribution of precipitation is irregular in
Turkey, which is located in a semi-arid
climate zone. Our current water resources
cannot meet the needs of the rapidly
increasing population and industry, a large
part of the water is used unconsciously in
agricultural  production with surface
irrigation methods, and the quality of our
drinking, utility and irrigation water is
gradually decreasing as a result of
increasing industry and other environmental
pollution. When global climate change is
added to all these negativities, various
difficulties are experienced in agricultural
production in our country, and a serious
problem arises in plant development, yield
and quality (Igbal et al., 2018). When plants
are exposed to adverse environmental
conditions (lack of nutrients, lack of water,
low or high temperature, UV, salinity,
diseases and pests), their growth is
adversely affected. This condition is called
vegetative stress. Stress can last for a long
time or come and go. Plants encounter many
stress factors during their lifetime. These
stress factors, which can rarely affect the
plant alone, usually exert their effects
simultaneously. Biotic (pathogen,
competition with other organisms, etc.) and
abiotic (drought, salinity, radiation, high
temperature or frost, etc.) stresses cause
changes in the normal physiological
functions of all plants, including grains of
economic importance. All these stresses
reduce the biosynthetic capacity of plants,
change their normal functions and cause
damage that can lead to the death of the
plant. There are many alternative fodder
plants in our country that can adapt to
different climatic and soil conditions. At the
beginning of these plants are sorghum
species and hybrids. Sorghum and Sorghum
X Sudan grass hybrids are the plants

preferred in recent years due to their ability
to withstand drought and high temperatures
more than corn, to reappear after forming,
to have a nutritional value close to corn, and
to have high water use efficiency (Igbal,
2018).

Sorghum (Sorgum bicolor L.) ranks fifth
after wheat, corn, paddy and barley with a
cultivation area of 44 million hectares and a
production amount of 62 million tons
worldwide. Sorghum (Sorghum bicolor L.)
is one of the C4 group plants that is
moderately tolerant to salinity and can adapt
very well to semi-arid and arid regions
where salinity is a problem in plant
production (Simsek et al., 2018). Due to its
tolerance to adverse environmental
conditions, it ranks fifth among the cereals
grown in the world. It is inevitable to use
salt-tolerant species and cultivars in such
areas for successful crop production
because of the difficult, costly and long-
term reclamation of agricultural soils that
are facing the salinity problem, and the
decrease in the quality and amount of
irrigation water used in agricultural areas.
Knowing in advance the salt tolerance of the
plant or plants to be produced in order to be
able to grow successfully in these
conditions provides the grower with both
time and economic benefits. Silage
sorghum replaces silage maize in most
developed countries. Sorghum is a
multifunctional plant whose grain can be
consumed directly as human food, and
whose grain and other above-ground parts
can be used for animal feed, alcohol, fuel,
sugar, syrup and paper production. The use
of sorghum, which has such a useful area, is
limited to animal feeding in our country
(Eren and Oztiirk, 2021). Besides this
multifunctionality, another feature of
sorghum that makes it important is its
tolerance to drought and high temperature.
Today, where drought and water scarcity
have emerged as one of the most important
problems in many parts of the world and in
our country in recent years, sorghum is the
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most important plant that can be substituted
for corn, which is very sensitive to water
scarcity, in silage production (Aras and
Keskin, 2018). Global climate change
increases the pressure on cultivated plants
depending on many factors. For this reason,
many studies are carried out to reduce the
negative effects of abiotic stress factors on
plants. The most important of these studies
are the studies carried out by using plant
growth regulators obtained in medicine,
inspired by the regulatory hormones
naturally found in the plant itself, in order
to take precautions against drought or other
factors that damage plants or to increase the
resistance to adverse physiological events
in the plant (Yavas et al., 2016). The aim of
this study is to ensure that the plants pass
through the stages in the normal life process
in the arid conditions that await us due to
global warming, and to maximize
sustainable feed production, yield and
endurance. In our study, it was aimed to
increase germination and germination
factors by using plant growth regulators in
silage sorghum.

2. Materials and Methods
2.1. Materials

In the research, Nes sorghum variety,
which was determined to be compatible
with the region in the previous cultivar yield
study in the region, and Zeatin and
Brassinolides growth regulators were used
as materials.

2.2. Methods

The germination experiment was carried
out in a randomized factorial design with 3

replications. In the research, 1. Zeatin
application 2. Brassinolides application 3.
Zeatin + Brassinolides application 4.
Applications without application took
place. Germination experiments of seeds
were carried out at 20/25°C (day/night) for
10 days. Sorghum seeds were placed in each
petri dish with filter paper. Germinated
seeds were counted at the same time each
day. When the rootlet reached 2 mm, the
seed was considered to be germinated and
removed from the petri dish.

Germination percentage (GP) was
determined according to the formula given
below (Geger, 2003).

GP = (GSN/N)*100

In equality; GSN number of germinated
seeds,

N represents the total number of seeds used.

Germination index (GI) was calculated
according to the formula below (Abazarian
et al., 2011).

GI=S1/41+S2/t2+.......... +Sn/tn

In equality; S, n. the number of seeds
germinated per day,

n represents the number of days during
which germination takes place.

3. Results and Discussion
3.1. Germination rate

The average values of the effect of the
growth regulators applied to the silage
sorghum plant on the germination rate of the
silage sorghum before germination and the
difference groupings of the averages are
given in Table 1.
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Table 1. Germination rate average values obtained from growth regulators applied to sorghum

silage plant before germination

Implementation Average Values (%)
i % 1 Zeatin 97.30b
ll;il);(r)lgtie;lgous Implementation to Seeds Before % 1 Brassinolides 9593 b
% 1 Zeatin + % 1 Brassinolides 98.97 a
Control No Exogenous Implementation 9143 ¢
Average 95.91
LSD (%5) 1.412

The first basic step in plant cultivation is
the germination of the seed under suitable
conditions. However, adverse ecological
conditions, technical errors (such as low
soil temperature, formation of a cream layer
in the soil) and negativities arising from the
structure of the seed at this stage negatively
affect germination and seedling emergence.
It has been determined that GA and ABA
applications have significant effects on
germination in mutant plants showing
intrinsic hormone deficiency (Karakurt et
al., 2010). With the discovery of plant
hormones, one of the most important
internal factors that play a role in plant
growth and development, it has been
possible to control plant growth and many
activities related to growth. Of these,
auxins, gibberalins, abscisic acid (ABA)
and cytokinins have a wide variety of
physiological effects (Unyayar and
Topcuoglu, 1998).

In this study, as seen in Table 1, there
was a statistical difference between the

germination rate values of the growth
regulators applied to the silage sorghum
plant before germination, however, the
mean germination rate of the control plot
was obtained as 95.91% with 3 different
applications. It is seen that 1% Zeatin + 1%
Brassinolides regulator mixture formed the
highest germination rate (98.97%) in
exogenous application of seeds before
sowing. Similar to our findings, in a study
conducted, it was determined that the ABA
content in the seeds was 1.8 = 0.2 ng.seed-
1, while the germination was 15%, and 1
year after the dry storage, the ABA content
was 0.8 + 0.1 ng.seed-1 and the germination
was 95% (Hilhorst and Karssen, 1992).
2. Time to 50% germination

The mean values and difference
groupings of the effects of growth
regulators applied to the silage sorghum
plant on the time until 50% germination of
the silage sorghum before germination are
given in Table 2.

Table 2. Average values of time to 50% germination obtained from growth regulators applied to

silage sorghum plant before germination

Implementation Average Values
Exogenous Implementation to Seeds %1 Zeatlr'l - 1.93 be
Before Planting % 1 Bras.smolldes _ 1.98 b
% 1 Zeatin + % 1 Brassinolides 1.85¢c
Control No Exogenous Implementation 2.15a
Average 1.98
LSD (%5) 0.085

As seen in Table 2, there is a statistical
difference between the values of the growth
regulators applied to the silage sorghum
plant before germination in the period until
50% germination. The average was
calculated as 1.98. The control plot without

exogenous application was found to be the
highest value with 2.15. Similar to our
study, Yavas et al. (2016). In their study to
increase the drought resistance of plants in
Aydin  ecological conditions;  They
determined that osmotic preservatives
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(cytokinin, mannitol, abscisic acid, proline,
glycinebetaine, polyamine etc.) helped to
eliminate the negative effects of reactive
oxygen species. Rham et al. (2020) applied
phytohormones against abiotic  stress
factors in the seed preparation process and
determined that the factors related to abiotic
factors were improved in seeds. Studies are
carried out to increase the germination rates
of the seeds of temperate climate fruit
species with hormone application without
the folding process. Studies have been
carried out on some olive seeds on this
subject. In the study, the endocarps of the
first group were removed from the seeds
divided into 3 groups and planted in culture
media containing GA and Indole Acetic

Acid (IAA) under laboratory conditions.
Another group was folded, half sown on hot
and the other half on cold pillows, and no
treatment was given to the 3rd group seeds.
As a result of the studies, GA and TAA
created a higher germination rate compared
to other applications, while at the same time
shortening the germination period (Ylice,
1979).
3. Germination index

The average values of the germination
index effect of the silage sorghum and the
difference groupings of the growth
regulators applied to the silage sorghum
plant before germination are given in Table
3.

Table 3. Germination index average values obtained from growth regulators applied to sorghum

silage plant before germination

Implementation Average Values
. % 1 Zeatin 32440
Exogenous Implementation to —
Seeds Before Plantin % 1 Brassinolides 31.31Db
£ % 1 Zeatin + % 1 Brassinolides 36.80 a
Control No Exogenous Implementation 28.84 ¢
Average 32.35
LSD (%5) 1.425

As seen in Table 3., there was a statistical
difference between the germination index
values of the growth regulators applied to
the silage sorghum plant before
germination. The germination index, which
was a mixture of 1% Zeatin + 1%
Brassinolides used before planting, was the
highest with the exogen application rate of
36.80. Similar to our study, Sheikhzadeh et
al. (2021), in the research on the effect of
hormones on the germination of seeds; It
was observed that seed germination was
decreased when borage plant was given
cadmium stress. Combined hydro and
hormone (Giberellic acid) were used at all
levels of cadmium stress (especially 150 mg
L-1 GA3) and it was determined that
positive effects were seen on seed
germination and growth.

It is stated that cytokinins, especially in
seed germination, have a positive effect

indirectly by reducing or removing the
effect of inhibitors such as ABA (Hartmann
et al., 1990).
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Ozet

Bu calismada organik ve organik olmayan sampuan atik sularinin
musir bitkisinin biiylime, gelisme, mineral madde igerigi iizerine
etkinligi arastirilarak bu sampuan tiirlerinin olumlu ya da olumsuz
etkileri ve sampuan tiirleri arasindaki farklar ortaya konmak
istenmistir. Bu amagla misir bitkisi organik ve organik olmayan
sampuanlart igeren sularla kontrollii kosullarda yetistirilmis;
bitkideki gelisim parametreleri ve musir bitkisi ile bitkinin yetistigi
topraktaki bazi mineral madde analizleri yapilarak sonuglar
degerlendirilmistir. Arastirma sonuglarina gore hem organik hem
organik olmayan sampuan atik sularinin bitkinin bilylime ve
gelisimini olumsuz etkiledigi, analiz edilen bazi parametreler
iizerine sampuan tiirlerinin bitkideki etkileri karsilastirildiginda
organik sampuanlarin olumsuz etkilerinin organik olmayanlara gore
daha fazla oldugu sonucuna varilmistir. Sonug¢ olarak kullanilan
sampuanlarin etkinligi saglik kuruluslar tarafindan iyi arastirilarak
piyasaya siiriilmesi ve bu gibi maddelerin dogrudan insan sagligina
verdigi zararlarin yaninda gevreye, diger canlilara verdigi zararlarin
da diisiiniilmesi gercegini ortaya ¢ikarmistir.
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The Effect of Organic and Non-Organic Shampoo Waste Water on Growth,
Development, Mineral Matter Content of Corn Plant

Abstract

In this study, it was aimed to reveal the positive or negative effects
of these different types of shampoos by investigating the
effectiveness of organic and non-organic shampoo waste water on
the growth, development and mineral content of the corn plant. For
this purpose, the corn plant was grown under controlled conditions
with water containing organic and non-organic shampoos. The
results were evaluated by analyzing the growth parameters of the
plant some mineral substances in the corn plant and the soil where
the plant grows. According to the results of the research, it was
concluded that both organic and non-organic shampoo waste waters
affect the growth and development of the plant negatively, and when
the effects of shampoo types on the analyzed parameters are
compared, the negative effects of organic shampoos are more than
those of non-organic shampoos.
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1.Giris

1930’lara  kadar saglarin  temizligi
sadece klasik sabunlarla yapilmaktaydi.
Yiizey etkin maddelerle (surfaktan veya
deterjan maddeler) hazirlanan
sampuanlar 1930’larin sonlarma dogru
kozmetik pazarina girip, olusturduklari
etki ile bitin tiiketicilerin ilgisini
cekerek, sactemizligindeki Pazar payinin
¢ok biliylik bir kismina sahip oldular.
Sampuanlar  ayrica  sa¢  bakimini
saglayacak 0zel maddeler icermektedir
(Kaymak ve Tirnaksiz, 2007). Medya ve
biiyiik sirketler, insanlara sampuanlarin
saglari  nasil daha saglikli  hale
getirecegini sOylemektedir. Ayni1 zamanda
medya, giinliik sampuanlarin giivenli, etkili
ve saglikli oldugunu da iddia etmektedir.

Sampuan formiiliinde kullanilan
deterjanlar anyonik, katyonik, non-iyonik
ve amfoterikolarak siniflandirilir. Sampuan
formiiliine eklenen ve sa¢ bakimi yapan

maddeler ise katyonik  deterjanlar,
katrenize polimerler, protein
hidrolizatlar1 ve yagimsi maddelerdir
(Kaymak ve Tirnaksiz,  2007).
Sampuanlarda kullanilan bu maddeler
saglik  kurumlarinin ~ zehirli  oldugu
konusunda uyardigi maddeleri

icermektedir. Bunlardan bazilari:

Sodium Laureth Sulfate (SLES):
Siilfaktan. Petrolden elde edilen sentetik
birkimyasaldir. Deterjan etkisi gostermesi
ve kopilirmesi ig¢in temizlik iriinlerine
konuyor. Boruhatlarini temizlemek igin
bulunmus. Viicuda temasi halinde 1-2 dk
icinde emilerek kana ve organlarimiza
karisir. Sa¢ derisini fazlaca kurutabilir.
Beyin ve Sinir sistemimizi etkileyebilir.
Ureme ve endokrin sistemimizi bozabilir.
Kanserojendir.

Sodium Xylene Sulfonate: Kisisel
Bakim firiinlerine Konan bir kimyasal

katki, diger katki maddelerinin suda
¢éziinmelerini arttirmak icin
konulmaktadir. Zehirlidir. Ureme

sistemini etkiler. Dogal ¢evreye c¢ok
zararhdir.

Parfum: Siilfaktanlar ve diger katki
maddelerinin Kotii Kokularimi gizlemek
i¢in kullanilir. Gizlediklerinden daha fazla
probleme yol acarlar. Siirfaktanlarin ve
diger  maddelerin nahos  kokusunu
maskelemek i¢in kullaniliyor. Kendileri,
ortadan kaldirdiklar1 problemden daha
fazla probleme (alerjik tepkiler, astim
ataklar1, basagrisi, vb.) yol acabiliyor.

Cocomide MEA: Sampuanlarda
kopiiglin ¢ok ve kalici olmasinisaglayan bu
maddeler, trietanolamin (TEA),

dietanolamin (DEA), monoetanolamin
(MEA) ozellikle SLS ve diger siilfath
hammaddelerle birlesince, viicuda temasi
halinde dahi zarar verebilecek olan
“nitrozoamin’’leri olustururlar. Bu
maddelerin  laboratuvar  hayvanlarinda
yapilan incelemelerdebeyin hasarina neden
oldugu tespit edilmistir. Insana zarar
verdikten sonra atik sularla, nehirlere
gollere karisip, o bolgedeki canliligi
tehdit  ediyorlar.  Bizler  derelerin
¢evresinde atik birakan  fabrika
arayaduralim, aslinda fabrika evlerimizin
icinde, giin be giin atik sularla birlikte
dogay1biz zehirliyoruz.

Sodium  Benzoate (E211): Bir
kimyasal koruyucudur. Hiicrelerin “gii¢
istasyonu” olarak tanimlanan

mitokondrilerinde DNA hasarina yol
act1g1 tespit edildi.

Paraben: Raf Omriinii uzatmak igin
kullaniliyor. Ciltte egzama tipi tahris ve
alerjik  reaksiyonlara sebep oluyor.
Benzoik asidin bir tiirevi olan paraben
zehirli ve toksik bir madde. Ustelik
viicutta Ostrojeni taklit edebiliyor. Gogiis
kanserine sebep oldugu bircok bilimsel
arastirmayla ispatlanmis durumda.

1,4-dioxane: Kansere yol agan
maddelerin basinda yer aliyor. Kopilik
yapict ve nemlendiricili liriinlerde yaygin
sekilde kullaniliyor. Etiket {izerinde,
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PEG, “Polyethylene”, ‘“Polyethylene
glycol”, “Polyoxyethylene” kelimeleri ile
tanimlaniyor Ayrica sampuan kullanima,
icerdigi bu deterjan ve kimyasal maddeler
nedeniyle dogada “su kirliligi” ve “toprak
kirliligi” ne de neden olmaktadirlar
(Karpuzcu,1991; Kocatas, 2004).

Giiniimiizde ‘“‘organik sampuan” adi
altinda daha az zararl ve kimyasal igeren
sampuanlar  raflarda  yerini  almistir.
Kullanimlar giin gectik¢e artmaktadir. Bu
durum “Organik sampuanlar gercekten
zararsizlar m1?”, “Organik sampuanlarin
organik olmayan sampuanlara gore daha az
zararl midir?” sorularini akla
getirmektedirler.

Su kithgmin yasandigr giiniimiizde,
evsel ve endiistriyel atiklardan kaynaklanan
kirlilik olaylarinin 6nemi daha da artmakta
ve su kirliligi yaratan kirleticiler arasinda
kozmetik tiriinlerde (deterjanlar,
sampuanlar vs) yer almaktadir (Mineraci ve
ark., 2008). Temiz su kaynaklar1 6zellikle
kurak ve yar1 kurak iklime sahip iilkelerde,
giderek artan niifusun igme ve kullanma
suyu gereksinimlerini karsilamak igin
yetersiz kalmaktadir. Niifus ile dogru
orantili artan yiyecek gereksinimi ise,
beraberinde tarimsal alanlarda genigleme ve
iiretimde artis saglama zorunlulugunu
getirmektedir. Glinlimiizde yetersiz olan
temiz su kaynaklarina alternatif olarak
tarimda sulama suyu ihtiyacini karsilamak
i¢in evsel atik sularin kullanilmasi akilei bir
¢Oziim secenegi olusturmaktadir. Tarimda
atik sularin kullanilmasi genellikle tarimsal
ve ekonomik agidan degerlendirilmektedir.

Ancak, halk sagligi ve cevre flizerine
olumsuz etkilerini en aza indirmek veya
ortadan kaldirmak i¢in atik sularin
kullanilmasinda  dikkatli olunmali ve
koruyucu Onlemler uygulanmalidir (Okur
ve ark., 1997).

Bu ¢aligmanin amaci, piyasada satilan
organik olmayan (normal) ve organik
sampuanlarin misir bitkisi gelisimi ve
bitkinin mineral madde igerine iizerine
olan etkisini arastirmaktir.

2. Materyal ve Yontem

Aragtirmada kullanilan toprak
materyalini Izmir ili Giizelbahge ilgesindeki
bir iiretici tarlasindan usuliine uygun olarak
aliman yiizey toprak 6rnegi olusturmaktadir
(Jackson, 1962). Toprak 6rnegi E.U. Ziraat
Fakiiltesi Toprak Bilimi ve Bitki Besleme
Bolimii  serasinda hava kurusu hale
gelinceye kadar kurutulmus, 4 mm’lik
elekten elenmistir. lyice karistirilan toprak
orneginden laboratuar analizleri i¢in 1 kg
kadar ayrilmig, arta kalan toprak saksi
denemesinde kullanilmistir. Saks1 denemesi
seklinde yiiriitiilen ¢aligsma tesadiif bloklari
deneme desenine gore 3 tekrarlamal1 olarak
yurlitiilmistir. Denemede, piyasada ticari
olarak satilan iki farkli sampuan (organik
sampuan ve organik olmayan (normal)
sampuan) ¢esidi ile 5 farkli dozda (% 1, %
2, % 3, % 4 ve % 5) hazirlanan atik su ve
kontrol (normal su) uygulamasi olarak
toplam 36 adet 3 kg toprak alan saksida
misir  bitkisi yetistirilmistir  (Sekil  2).
Bitkisel materyal olarak silajlik C-955
misir ¢esidi (Zea mays L) kullanilmistir
(Sekil 1).
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(a) Misir (C-955) (b)Organik gampuan

Sekil 1. Aragtirma materyalleri

Tablo 1. Deneme plani

Organik Olamayam Sampuan Denemesi Organik Sampuan Denemesi
1 Tekerrriir 2 Tekerrriir 3 Tekerrriir 1 Tekerrriir 2 Tekerrriir 3 Tekerrriir

N2 N3 KO 03 05 02
N3 N5 N1 04 (0] 05
N1 KO N4 (0] KO 03
N4 N1 N5 KO 02 (0]
N5 N4 N2 03 04 KO
KO0 N2 N3 02 03 04

N:Organik olamayan sampuan, O: Organik sampuan, K: Kontrol (normal su), 1:Konsantarasyon (%1)

Misir tohumlar1 deneme saksilarina her saksiya 5’er misir tohumu olacak sekilde ekilmis,
daha sonra her saksida 2 adet musir bitkisi kalacak sekilde seyreltme iglemi yapilmistir.
Denemede saksilara 4 gr 15:15:15 kompoze giibresi ekimden once topraga karistirilarak
uygulandi. Ekimden 3 hafta sonra saksilara 2 gram Amonyum nitrat (% 33N) giibresi
uygulanmistir (Sekil 2).

Sekil 2. Saksi denemesi hazirlik agamalari
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Sera kosullarinda kontrollii ortamda
yetigtirilen misir bitkisine 6 hafta
boyunca arastirmada kullanilan dozlarda
(%1, % 2, % 3, % 4, % 5 ve normal su)

hazirlanan sulama sularindan aym
miktarda (25 mL) kullanilarak giinasiri
sulama yapilmistir (Sekil 3 ve Sekil 4 ve
Sekil 5).

Sekil 4. Organik sampuan dozlart

P e

Sekil 5. Saksi uygulamalari

2.1.Arastirma materyali toprak
orneginin fiziksel ve kimyasal analiz
yontemleri

Laboratuvar analizleri i¢in ayrilan toprak
ornegi 2 mm’lik elekten elenerek analize
hazir hale getirilmistir (Jackson, 1967).
Analize hazir hale getirilen toprak
orneginde pH; saf su ile sature edilen toprak
macununda cam elektrotlu pH metre ile,
suda ¢Ozilinlir toplam tuz; sature toprak
macununun  elektriksel  gecirgenliginin
elektriki kondaktivite cihazinda Olgiilmesi
suretiyle, kireg; Scheibler kalsimetresi ile,
bilinye; Bouyoucos hidrometrik yontemi ile,
organik madde; Walkey-Black yontemiyle,

toplam azot modifiye makro Kjeldahl
yontemi ile alinabilir fosfor Olsen yontemi
ile  spektrofotpmetrik  olarak, toprak
orneginin 1IN Amonyum Asetat (pH=7,0)
kullanilarak elde edilen ekstraktinin alev
fotometresinde  okunmasiyla  alinabilir
potasyum, kalsiyum ve sodyum, atomik
absorbsiyon spektrofotometrede
okunmasiyla alinabilir magnezyum, DTPA
ekstraksiyon ¢ozeltisi kullanilarak elde
edilen ekstraktin atomik absorbsiyon
spektrofotometrede okunmasiyla alinabilir
demir, ¢inko, bakir ve mangan igerikleri
belirlenmistir (Yildiz ve ark., 2022). Elde
edilen sonuclar Tablo 2’de verilmistir.
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Tablo 2. Denemelerinin yiiriitiildiigii saksilarda kullanilan toprak drneginin fiziksel ve

kimyasal 6zellikleri

Yapilan Analizler Birim Sonug¢ Yorum
pH 7.34 Notr
Toplam Tuz (%) 0.030 Tuzluluk tehlikesi yok
Kireg (%) 3.03 Kiregli
Kum (%) 62.52
Mil (%) 23.00
Kil (%) 14.48
Biinye Kumlu Tin
Organik Madde (%) 1.86 Fakir
Toplam Azot (%) 0.095 Orta
5 Fosfor mg.kg! 5.88 Fakir
5 Potasyum mg.kg! 100 Fakir
g Kalsiyum mg.kg! 1500 Yeterli
< Sodyum mg.kg! 170 Yeterli
2.2.Arastirma materyali bitki  kokleri zarar gormeyecek  sekilde

orneklerinin analiz yontemleri

Arastirma saksilarindaki bitkiler sekiz
hafta sonunda dikkatli bir bicimde

topraktan ¢ikarilarak (Sekil 6) bitki boyu
(cm), kok boyu (cm) ve yaprak sayilari
(adet) gibi fenolojik biiyiime
parametreleri belirlenmistir.

Sekil 6. Saks1 denemeleri ve 6rnek alma

Bitki ve toprak 6rneklerinin analizleri
i¢in E.U. Ziraat Fakiiltesi Toprak Bilimi ve
Bitki Besleme Boltimiinde yapilmistir. Tiim
deneme konularindan hasat sonrasi alinan
orneklerin yas agirlik ve 65 oC’de kurutma
isleminden sonra kuru madde miktarlari
belirlenmistir. Hasat sirasinda deneme
konularindan alman bitki 6rnekleri Kacar
ve Inal (2008)’ e gore temizleme, kurutma,
ogiitme islemlerinden sonra analize hazir
hale getirilmistir. Bu oOrneklerde; toplam
azot analizi modifiye edilmis Kjeldahl

metoduna gore; toplam P, K, Ca, Na Kacar
ve Inal (2008)’ e gore analize hazir hale
getirilmis yas yakma yontemi uygulanarak;
fosfor vanada- molibdo fosforik sar1 renk
yontemine gore kolorimetrede okunarak
(Lott ve ark., 1956); K, Na, ve Ca miktarlar1
flame fotometrede; okunarak saptanmistir
(Kacar ve Inal, 2008). Hasat sirasinda
aliman taze yaprak orneklerinde Klorofil-a
ve klorofil-b miktarlar1 bitki Orneklerinin
asetonla ekstrakte edilmesi ve ekstraktin
optik yogunlugunun spektrofotometrede
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645 ve 663 nm dalga boylarinda
absorbansinin  okunmasi  belirlenmistir
(Vollenweider, 1974). Analiz sonucunda

e |

belirlenen klorofil a ve klorofil b miktar1
(Sekil 7) toplanarak toplam klorofil miktar1
hesaplanmustir.

2.3.istatistiki degerlendirme

Istatistiksel analizler E.U. Tibbi Bilisim
ve Biyoistatistik Anabilim Dalinda SPSS
(IBM SPSS Statistics 20) paket program
kullanilarak yapilmistir. Cesme suyu ile
sulanan kontrol, organik olmayan sampuan
ve organik sampuan kullanilan 3
uygulamaya ait veriler non-parametrik
testler (Kruskal-Wallis ve Mann Whitney U
testi) ile karsilagtirildi. Sonuglar ortalama
deger olarak p<0.05 istatistiksel olarak
anlamli kabul edilmistir (Yagmur ve ark.,
2021).

3. Bulgular ve Tartisma

3.1.Uygulamalarin musir bitkisinin bitki
boyu, kok uzunlugu ve yaprak sayisi
iizerine etkisi

Sekil 7. Orneklerde klorofil analizi

Bitki Boyu (cm)

+— _e“‘--‘\i/__.é

30 ey —

B
g K OITVETEN
15 — = Normal Sampuan

10 —a—Organik Sampuan

1% % I% 4% 5%
Konsantrasyon

Sekil 8. Normal ve organik sampuan uygulamalarinin

bitki boyuna etkisi

Organik ve organik olmayan sampuan
(normal sampuan) atik sularmin misir
bitkisinin bitki boyu, kok uzunlugu ve
yaprak sayisi lizerine olan etkisi Sekil 8,
Sekil 9 ve Sekil 10, Sekil 11, Sekil 12 ve
Sekil 13’te verilmistir.

Sekil 8 incelendiginde konsantrasyon
artisina paralel olarak normal sampuan
uygulanan bitkilerde kontrol
uygulamasina gore bitki boyunda artig
gozlenirken; organik sampuan uygulanan
bitkilerde bitki boyunda azalma

saptanmistir. Bu azalma istatistiki
anlamda organik sampuan
uygulamasinda kontrol ve normal

sampuan uygulamasima gore anlamli ve
onemli oldugu (Sekil 9) belirlenmistir
(p<0.05.)

Bitki Boyu (cm)

33 +
32

a1
30 +
29 +
28

Kontral (Su) Normal Sampuian Organik Sampuan

Sekil 9. Sampuan tiirlerine gore bitki boyu
ortalamalari
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Sekil 10 incelendiginde konsantrasyon
artisina paralel olarak organik sampuan
uygulanan bitkilerde kontrol uygulamasina
gore kok uzunlugunda artis gozlenirken
normal sampuan uygulanan bitkilerde ise
once artig; % 3’liik konsantrasyondan sonra
ise kok uzunlugunda azalma saptanmistir.
Her iki uygulamada da kok uzunlugunda

l Kok Boyu (cm)

|25

T ; '«’
15 . e
L * +

—t— Kontrol

—a— Normal Sampuan
Organkk ampuan

1% 2% % % 5%
Konsantrasyon

Sekil 10. Normal ve organik Sampuan uygulamalarinin
bitki kok uzunluguna etkisi

Sekil 12 incelendiginde ve normal
sampuan uygulamalarinda kontrole gore
yapraksayisinda azalma saptanmistir. Bu
azalmanin organik sampuan
uygulamasinda daha belirgin oldugu
gozlenmistir. Yaprak sayist organik
sampuan uygulamasinda kontrolden ve

Yaprak Sayisi(adet)

—— K Oontrol
—m— Normal Sampuan

Drganik Jampuan

1% % % 4%
Konsantrasyon

kontrole gore artis gozlenmistir. Kok
uzunlugu organik sampuan uygulamasinda
kontrolden ve normal sampuan
uygulamasindan daha yiiksek bulunmus
(Sekil 11), bunun istatistiki anlamda énemli
oldugu belirlenmistir (p<0.05).

Kok boyu (cm)

25

Kontrol (Su) Normal Sampuan Organik Sampuan

Sekil 11. Sampuan tiirlerine gore bitki kok
uzunlugu ortalamalar1

normal sampuan uygulamasinda daha
disik bulunmustur (Sekil 13). Yapilan
istatistiki degerlendirmede bu azalmanin
istatistiki agcidan 6nemli oldugu (p<0.05)
belirlenmistir.

Yaprak sayist

3
29
28

Kontrol {5u] Mormal Sampuan Organik Sampuan

Sekil 12. Normal ve organik sampuan uygulamalarinin ~ Sekil 13. Sampuan tiirlerine gore bitkinin yaprak

bitki yaprak sayisi {izerine etkisi

3.2.Uygulamalarin musir bitkisinin kuru
madde miktari iizerine etKisi

Kontrollii kosullarda yetistirilen misir
bitkisine farkli dozlarda uygulanan organik
ve organik olmayan sampuan (normal

sayisi ortalamalart

sampuan) atik sularmin misir bitkisinin
kuru madde miktari lizerine olan etkisi Sekil
14 ve Sekil 15°te verilmistir.

Sekil 14 incelendiginde normal ve
organik sampuan uygulamalarinda
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konsantrasyon artisina paralel olarak kuru
madde miktarinda artis gozlenmistir. Bu
artis normal sampuan uygulamasinda
kontrolden yiiksek iken, organik sampuan
uygulamasinda kontrolden daha disiik
diizeyde bulunmus, bu degisimin istatistiki

olarak Onemli oldugu belirlenmistir
(p<0.05). Kuru maddemiktarinin organik
sampuan uygulamasinda normal
sampuan uygulamasina gore daha diisiik
oldugu belirlenmistir (Sekil 15).

Kuru Madde (%)

i KONl
~m— Narmal Sampuan

a— Organik Sampuan

Konsantrasyon

bitkinin kuru madde miktar1 tizerine etkisi

Sekil 14. Normal ve organik sampuan uygulamalarinin

Kuru Madde (%)

3

Kontrol (Su) Mormal Sampuan Organik Sampuan

Sekil 15. Sampuan tiirlerine gére bitkideki kuru
madde ortalamalari

3.3.Uygulamalarin  musir  bitKisinin
toplam Kklorofil (klorofil a+ Kklorofil b)
icerigi iizerine etkisi

Sera kosullarinda yetistirilen misir
bitkisine farkli dozlarda uygulanan organik
ve organik olmayan sampuan (normal
sampuan) atik sularmin misir bitkisinin
toplam klorofil (klorofil a+klorofil b)
miktari lizerine olan etkisi Sekil 16 ve Sekil
17°de verilmistir. Artan diizeyde organik ve
normal sampuan atik sular1 sulanarak

Klorofil A+B (mg/gr taze agirlik)

)I
1
1
4

e W OTVETOA
1 —@— Mormal Sampuan

e Drganik Sampuan

19 2% 3% 4% 54
Konsantrasyon

éekil 16. Normal ve organik sampuan uygulamalarinin

mustr bitkisinin toplam klorofil miktari tizerine etkisi

yetistirilen musir bitkisinde konsantrasyon
artisina paralel olarak kontrol uygulamasina
gore toplam klorofil (Klorofil a + klorofil b)
miktarinda azalma saptanmistir. Sekil 17
incelendiginde toplam klorofil miktar1
normal ve organik sampuan uygulamasinda
kontrol uygulamasina gore daha diisiik
diizeyde (p<0.05) bulunmustur. Normal ve
organik sampuan kullanimi bitkinin yesil
renk yogunlugunu olumsuz etkilemistir.
Fotosentez  iizerine  olumsuz  etki
gostermistir.

Klorofil A+B (mg/gr taze agirlik)

|
2 4 :
L5
1 4
05 4 c
0 - :

Kontrol (Su) Normal Sampuan  Organik Sampuan

Sekil 17. Sampuan tiirlerine gére misir bitkisinin
toplam klorofi (klorofil a+b)miktart ortalamalari

210



Duman ve ark.

3.4.Uygulamalarin  musir  bitkisinin
toplam azot ve ham protein icerigi
iizerine etkisi

Mastr bitkisine farkli dozlarda uygulanan
organik ve organik olmayan sampuan
(normal sampuan) atik sularmin  misir
bitkisinin toplam azot igerigi lizerine etkisi
Sekil 18 ve Sekil 19°da ham protein icerigi
lizerine olan etkisi ise Sekil 20 ve Sekil
21’de  verilmistir.  Organik  sampuan

uygulamalarinda konsantrasyon artisina
paralel olarak toplam azot miktarinda
kontrole gore artis gozlenirken, normal
sampuan uygulamasinda ise kontrole gore
toplam azot miktarinda azalma saptanmigtir
(Sekil 18). Sekil 19 incelendiginde toplam
azot miktar1 organik sampuan
uygulamasinda normal sampuan
uygulamasina gore daha yiiksek ve
istatistiki anlamda Onemli bulunmustur
(p<0.05).

Toplam Azot (%)

—+—Kontrol
== Normal Sampuan

#— Organik fampuan

1% 2% 3% 4% 5%
Konsantrasyon

Toplam Azot (%)
;

Kontrol {Su) Normal Sampuan Organik Sampuan

Sekil 18. Normal ve organik sampuan uygulamalarinin

musir bitkisinin toplam azot miktari tizerine etkisi

Sekil 19. Sampuan tiirlerine gore bitkide bulunan
toplam azot miktar ortalamalari

Ham Protein (%)

30

25

20 - ._.\\1‘-———1

st Kontrol
@ Normal Sampuan

10 e Organik Sampuan

o
1% 2% 2% 4% 5%
Konsantrasyon

Sekil 20. Normal ve organik sampuan uygulamalarinin

musir bitkisinin ham protein miktar iizerine etkisi

Organik  sampuan  uygulamalarinda
konsantrasyon artisina paralel olarak
toplam ham protein miktarindakontrole
gore artis gozlenirken; normal sampuan
uygulamalarinda ise kontrolegore toplam
ham protein miktarinda azalma
3.5.Uygulamalarin  musir  bitkisinin
toplam fosfor, potasyum, Kkalsiyum ve
sodyum icerigine etkisi

Ham Protein (%)

Kontrol (Su) Normal Sampuan Organik Sampuan

Sekil 21. Sampuan tiirlerine gore bitkide bulunan
bitkide bulunan azot miktarlar1

saptanmistir  (Sekil  20). Sekil 21
incelendiginde ham protein miktari
organik  sampuan  uygulamalarinda

normal sampuan uygulamalarina gore
daha yiiksek ve istatistiki olarak Onemli
bulunmustur (p<0.05).

Farkli konsantrasyonlarda organik ve
organik  olmayan sampuan (normal
sampuan) attk  sular1  uygulanarak
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yetistirilen ~ misir  bitkisinin  fosfor, 22, Sekil 23, Sekil 24, Sekil 25, Sekil 26,
potasyum, kalsiyum ve sodyum igerigi Sekil 27, Sekil 28 ve Sekil 29°da verilmistir.
lizerine uygulamalarin etkisi sirastyla Sekil

Toplam Fosfor (%) Toplam Potasyum (%)
09 8
08 - + + + + 7 — s s s s
07 | \\ e ——
61
0,6
{ 5 [
05 + === Kontrof —m KO
04 | == Normal Sampuan ! =&~ Normal Sampuan
I Organik I
03 —a—Orjganik Sampuan 3 —i—Organik Sampuan
02 | X
04 ¢ 14
0 '
1% FLA 3% a% 5% Ry
% 1% % 3% 4% 5%
Konsantrasyon

Sekil 22.Uygulamalarin misir bitkisinin toplam fosfor . SIS
icerigi iizerine etkisi Sekil 23. Uygulamalarin musir bitkisinin toplam

potasyum icerigi {izerine etkisi

Toplam Kalsiyum (%) Toplam Sodyum (%)
06 - 0,14
05 + — 042 .\._.—_’__..—//-
—._\_\_\*_'_,_,_,—--—l--—.___\_‘_\___‘“
i = - . : - N /”r’*‘r/“
o ._'_____——'———.———. Pyl 5 e
== Kontrol el —8—Normal Sampuan
02 - == NG SN —a— Organik Sampuan
i 0,04 + - + + -
—#— Qrganik Sampuan
01
0,02
Q ol
. i lnm.aziqm 0 i 1% % £ 4% 5%

Konsantrasyon
Sekil 25. Uygulamalarin musir bitkisinin toplam
sodyum igerigi {izerine etkisi

Sekil 24. Uygulamalarin musir bitkisinin toplam
kalsiyum igerigi lizerine etkisi

Toplam Fosfor (%) Toplam Potasyum (%)
0% 8
: (-]
DE 5
05 + 4
oa
3 -
03 ¢
2
02 4
o1 | 2
04 ¢
Kontral {Su) Normal Sampuan Qrganik Sampuan Kantrod {Sa) Normal Smpuan Organdk Sampuan

Sekil 26. Sampuan tiirlerine gére toplam fosfor miktari $ekil 27. Sampuan tiirlerine gore toplam potasy

miktari
Toplam Kalsiyum (%) Toplam Sodyum (%)
(157 014
MOHC
o1 -
0.4 -
[« ] o
[
006
B o
04 o4 ;
womtrod | Su) Moozl Sarmpuzan Organik Sampuan Eontrod (S} Narmal Sampuan Organik Sempuan
Sekil 28. Sampuan tiirlerine gore toplam kalsiyum Sekil 29. Sampuan tiirlerine gore toplam sodyum
miktar1 miktar1
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Organik ve normal sampuan
uygulamalarinda konsantrasyon artigina
paralel olarak kontrol uygulamasia gore
toplam fosfor ve toplam potasyum
miktarinda azalma saptanmistir (Sekil 22 ve
Sekil 23). Sekil 26 ve sekil 27
incelendiginde musir bitkisinin toplam
fosfor ve potasyum miktar1 normal ve
organik sampuan uygulamalarinda kontrol
uygulamasina gore istatistiki olarak 6nemli
ve anlamli olarak diisiik miktarlarda oldugu
saptanmustir. (p<0.05). Toplam potasyum
miktarindaki azalma organik sampuan
uygulamalarinda normal sampuan
uygulamalarina gore daha diisiik oldugu
saptanmistir (p<0.05). Organik sampuan
uygulamalarinda konsantrasyon artisina
paralel olarak bitkinin toplam kalsiyum
miktarinda kontrole gore artis gozlenirken;
normal sampuan uygulamalarinda ise
3.6.Uygulamalarin topragin toplam azot,
alinabilir fosfor, potasyum, kalsiyum ve
sodyum icerigine etkisi

Serada kontrollii kosullarda farkl
konsantrasyonlarda organik ve organik
olmayan sampuan (normal sampuan) atik
sular1 uygulanarak yetistirilen misir bitkisi
yetisme ortami olan topragin toplam azot,
almabilir fosfor, potasyum, kalsiyum ve
sodyum igerigi lizerine uygulamalarin etkisi
strastyla Sekil 30, Sekil 31, Sekil 32, Sekil
33, Sekil 34, Sekil 35, Sekil 36, Sekil 37,
Sekil 38 ve Sekil 39°da verilmistir.

Uygulamalardan ~ 6nce alman ve
analizleri yapilan ham toprak (uygulama
oncesi) ornegine gore kontrol
uygulamasinda toplam azot miktarinda artig
gbzlenirken organik ve normal sampuan
uygulamalarinda topragin toplam azot
miktarinda azalma saptanmistir (Sekil 30).
Ham topraktaki toplam azot miktar1 kontrol
uygulamasinda istatistiki olarak Onemli
diizeyde artarken (p>0.05), her iki sgampuan
uygulamasinda yine istatistiki anlamda
onemli diizeyde azalmigtir (p>0.05). Bu
azalma normal sampuan uygulamasinda
daha fazla olmustur (p>0.05) (Sekil 31).

kontrole gore bitkinin toplam kalsiyum
miktarinda azalma saptanmistir (Sekil 24).
Sekil 28 incelendiginde bitkideki toplam
kalsiyum  miktar1 normal  sampuan
uygulamalarinda  kontrol uygulamasina
gore istatiksel olarak Onemli diizeyde
azalirken (p<0.05), organik sampuan
uygulamalarinda ise kontrol uygulamasina
gore istatiksel olarak onemli diizeyde artig
oldugu saptanmistir (p<0.05). Normal ve
organik sampuan uygulamalarinda
konsantrasyon artisina paralel olarak misir
bitkisinin toplam sodyum miktarinda
kontrole gore artis gézlenmistir (Sekil 25).
Sekil 29 incelendiginde bitkideki toplam
sodyum miktarinin normal ve organik
sampuan uygulamalarinda kontrole gore
istatistiki olarak 6nemli ve anlamli miktarda
yiiksek oldugu saptanmigtir (p<0.05).

Ham toprak (uygulama 6ncesi) 6rnegine
gore tim uygulamalarda topraktaki
alabilir  fosfor miktarinda  azalma
gbzlenmistir (Sekil 32). Bu azalmanin
organik sampuan uygulamasinda daha
yiiksek oldugu gozlenmistir. Toprak fosfor
aliniminin engellenmesi topraktaki bazi
fiziksel ve kimyasal oOzelliklere gore
degismektedir. Bu durum bitki beslenmesi,
gelisimi ve verimi agisindan olumsuzluk
yaratan bir olgudur. Her iki sampuan
uygulamasi da bu olumsuz etkiyi arttirmas,
bu olumsuz etkinin organik sampuan
uygulamasinda  daha  fazla  oldugu
saptanmistir. Topraktaki almabilir fosfor
miktar1 kontrol uygulamasina gére normal
sampuan uygulamasinda artarken (p<0.05),
organik sampuan uygulamasinda azalmigtir
(Sekil 33).

Uygulama oncesi ham toprak ornegine
gore tim uygulamalarda topraktaki
aliabilir. potasyum miktarinda artis
gbzlenmigtir. Bu artisin normal sampuan
uygulamasinda daha yiiksek diizeyde
oldugu saptanmistir (Sekil 34). Her iki
sampuan uygulamas1 topraktaki almabilir
potasyum miktar1 lizerine olumlu etkide
bulunmustur, bu olumlu etkinin organik
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sampuan uygulamasinda daha diisiik
diizeyde oldugu belirlenmistir. Topraktaki
alimabilir potasyum miktarundaki artis
normal sampuan uygulamasinda istatistiki
olarak oOnemli diizeyde bulunmustur
(p<0.05) (Sekil 35).

Ham toprak (uygulama 6ncesi) 6rnegine
gore tim uygulamalarda topraktaki
alimabilir kalsiyum miktarinda azalma
gozlenmistir. Bu azalmanin  organik
sampuan uygulamasinda daha yiiksek
oldugu saptanmustir (Sekil 36). Her iki
sampuan uygulamasinda da topraktaki
almabilir kalsiyum miktarinin azalma
meydana gelmis, bu azalma organik
sampuan uygulamasinda daha fazla
gozlenmistir. Bu durum bitkideki kalsiyum

miktarindaki artis ile parelellik
gostermektedir.  Topraktaki  alinabilir
kalsiyum  miktar1  organik  sampuan
uygulamasinda normal sampuan

uygulamasina gore daha diisiik saptanmis
uygulamalarin etkinligi istatiski olarak
onemli bulunmustur (p<0.05) (Sekil 37).

Arastirma Oncesi ham toprak Ornegine

Toplam Azot (%)

0,14

0,12 -

0,1

0,08

0,06 /

=#=FKontrol

0,04 —B—Normal Sampuan

0,02 Organik Sampuan

—=—Ham Toprak
0

1% 2% 3% 4% 5%
Konsantrasyon

Sekil 30. Uygulamalarin topragin toplam azot igerigi
tizerine etkisi

gére organik ve normal sampuan
uygulamalarinda  topraktaki  alinabilir
sodyum  miktarinda  artig oldugu

belirlenmistir. Bu artis normal sampuan
uygulamasinda daha yiiksek gozlenmistir
(Sekil 38). Normal ve organik sampuan
uygulamalarinda konsantrasyon artisina
paralel olarak topraktaki almabilir sodyum
miktarinda kontrole uygulamasina gore
artis oldugu belirlenmistir. Bu artis bitkinin
sodyum igerigininde artmasina sebep
olmustur. Normal ve organik sampuan
uygulamalar topraktaki alinabilir sodyum
miktarini arttirmis. Bu durumda topraktaki
tuzlulugunun artmasina ve topragin bitki
gelisimi iizerine etki eden fiziksel ve
kimyasal 6zelliklerinin bozulmasina sebep
olabilir, bu durum bitki beslenmesi ve
gelisimi icin istenmeyen bir durumdur.
Topraktaki alinabilir sodyum miktar1 her iki
sampuan uygulamasinda kontrole gore
yliksek oldugu saptanmistir (p<0.05). Bu
artistn  normal sampuan uygulamasinda
organik sampuan uygulamasina gére daha
fazla ve istatistiki anlamda da Onemli
oldugu belirlenmistir (p<0.05) (Sekil 39).

Toplam Azot (%)

01

0.06

0,04

0.02 -+
0

Kontral [Su)

Ham Toprak Normal Sampuan  Qrganik Sampuan

Sekil 31. Sampuan tiirlerine gore topragin toplam azot
miktarindaki degisim
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Alinabilir Fosfor (%)
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Sekil 32. Uygulamalarin topragin alinabilir fosfor icerigi

lizerine etkisi

Alinabilir Potasyum (%)
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Sekil 33. Sampuan tiirlerine gore topragin alinabilir
fosfor miktarindaki degisim

Alinabilir Potasyum (ppm)
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Sekil 34. Uygulamalarin topragin alinabilir potasyum
icerigi iizerine etkisi

Alinabilir Kalsiyum (%)
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Sekil 36. Uygulamalarin topragin aliabilir kalsiyum igerigi

lizerine etkisi
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Sekil 35. Sampuan tiirlerine gore topragin alinabilir
potasyum miktaridaki degisim

Alinabilir Kalsiyum (ppm)
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Sekil 37. Sampuan tiirlerine gore topragin alinabilir
kalsiyum miktarindaki degisim
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Alinabilir Sodyum (%)
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Sekil 38. Uygulamalarin topragin alinabilir sodyum igerigi

tizerine etkisi

4. Sonuc ve Oneriler

Bu c¢alismada uzun yillardir kullanilan
organik olmayan sampuan ve son
zamanlarda kullanimi tercih  edilen,
zararlarinin az oldugu diisiliniilen organik
sampuan atik  sularinin  bitkilerin
biiytimesi, gelisimi, mineral madde igeri
ve topraktaki almabilir besin maddesi
igerigi lizerine etkileri incelenmistir.
Organik ve organik olmayan sampuan
atik suyu kullanilarak yapilan bitkisel
iretimde uygulamalarinin genel olarak
bitki beslenmesi gelisimi, mineral madde
icerigi ve topraktaki besin element alinmmi
lizerine  olumsuz  etkileri  oldugu
gozlenmistir. Bu olumsuz etkinin organik

sampuan  uygulamasinda pek  ¢ok
parametre iizerinde organik olmayan
sampuana gbére daha fazla oldugu

saptanmistir. Arastirmamizin sonucuna
gore organik sampuanlarin  organik
olmayan sampuana gore daha az zararl
veya daha masum olmadigi sdylenebilir.
Sonu¢ olarak, organik sampuanlar da
normal sampuanlar kadar bitki gelisimini
olumsuz etkilemekte ve toprak bitki
tarafindan besin maddesi alinimina engel
olabilmektedir. Bu ¢alismanin devaminda
sampuanlarin (deterjan ve kimyasallar)
neden oldugu toprak kirliligi ve bu
kirliligin bitki gelisimi {izerine olumsuz
etkilerin azaltilmas1 ile ilgili farkh
yOntemler arastirilabilir. Ayrica bitki

Alinabilir Sodyum (ppm)
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®
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ek
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) I
a
Ham Toprak Kontrol {Su) Normal Sampuan  Organik Sampuan

Sekil 39. Sampuan tiirlerine gore topragin alinabilir
sodyum miktarindaki degisim

gelisimi lizerine olumsuz etkinin “hangi
molekiiler mekanizmalar aracilign ile
olustugu” yeni bir arastirma konusu olabilir.

Yazarlarin Katki Beyam

Yazarlar makaleye esit katkida
bulunduklarini, makalenin yayima hazir son
halini gordiiklerini/okuduklarini ve
onayladiklarini beyan ederler.

Cikar Catismas1 Beyam

Tiim yazarlar, bu ¢caligsma i¢in herhangi
bir ¢ikar ¢atigmasi olmadigini beyan
etmektedir.
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Abstract

To study the effect of sulphur (S) and boron (B) on the performance
of yield, agronomic efficiency, economic return of boro rice (cv.
BRRI dhan28) was evaluated at the Reseahc Field of the Department
of Crop Science and Technology, University of Rajshahi, Rajshahi-
6205, during the Rabi season from November 2015 to April 2016 in
High Ganges River Floodplain under AgroEcological Zone-11
(AEZ-11). The experiment was consisted three level of sulphur, viz.,
So: without sulphur (control), Sxo: 20 kg S ha'!, S30: 30 kg S ha'!, and
three level of boron viz., Bo: without boron (control), B,: 2 kg B ha
!, Bs: 3 kg B ha'!. The experiment was conducted in a Randomized
Complete Block Design (RCBD) with three replications. The results
revealed that S and B significantly influenced the yield straw yield,
biomass yield, sterility percentage, agronomic efficiency and
economic return of BRRI dhan28. The treatment combination of
S20B2 (20 kg S ha! with 2 kg B ha!) performed the best results of
the aforesaid traits. So, it can be suggested to apply S at 20 kg ha!
and B at 2 kg ha'! with recommended dose of NPK and Zn for
maximizing yield, agronomic efficiency and economic point of view
of boro rice in calcareous soils of AEZ-11.
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1.Introduction

Rice (Oryza sativa L.) is one of the most
important food grain crops in the world
(Islam et al., 2021), and the second most
widely consumed in the world after wheat
(Rajamoorthy et al., 2015), that provide
food for more than half of the world
population (Malik et al., 2008; Islam et al.
2008). The world population is projected to
increase from 7.21 billion in 2015 to 8.27
billion in 2030, indicating a corresponding
increase in food demand from 680 million
tons in 2015 to 771 million tons in 2030
(FAO, 2016). There is a growing concern
that current levels of rice and wheat
production will not meet future demand
(Islam et al., 2021). To meet this challenge
of increased food demand, the productivity
of rice should be increased efficiently.
Though, rice is the staple food of
Bangladesh and Bangladesh ranks 3"
position in the world both in acreage and
production of rice after China and India
(FAO, 2021), tut the average rice yield of
Bangladesh is quite low (3.29 t ha') as
compared to other leading rice producing
countries such as the USA (7.37 t hal),
Japan (6.58 t ha'!), Korea (6.31 t ha!), and
China (6.27 tha') (FAO, 2020).

Fertilizer management is an important
aspect for lower yield of rice in Bangladesh.
Higher crop yields naturally have higher
requirement of nutrients. Thus, use of
balanced fertilizers along with management
practices can play a key role in sustaining
higher yield of crops under different
cropping patterns and also can preserve soil
health on a long term basis (Islam et al.,
2008; Sikdar et al., 2008). Nutrient stresses
in Bangladesh soils are increasing day by
day. The deficiency of NPK was a major
problem before 1980's but there after NPK,
deficiency along with secondary and
micronutrients (S and B) are frequently
reported (Islam et al., 1995; Islam and
Hossain, 1998; Haque and Jahiruddin,
1999). Sulphur deficiency has been

recognized in many areas of Bangladesh, it
is noted that current intensive use of
agricultural land for crop production has
extended the sulfur deficient areas to about
80% in the northern region (Khan et al.,
2007) wherein soils are calcareous in nature
with low organic matter, and deficiency of
nutrients (especially sulphur and boron) is
increasing day by day due to intensive
cultivation (Rafique et al., 2006; 2008).

Sulphur (S) is an essential plant nutrient
and plays a vital role in the synthesis of
amino acids (methionine, cystein and
cystine), proteins, chlorophyll and certain
vitamins (Havlin et al., 2004; Tiwari and
Gupta, 2006). Insufficient availability of S
to crop plants not only declines their growth
and yield but can also deteriorate nutritional
quality of the production (Hawkesford,
2000; Schonhof et al., 2007; Islam et al.,
2017a). The major causes of S deficiency in
Bangladesh include intensive cropping with
high yielding varieties of different crops,
soils remaining water logged due to wet
land rice culture, shifting toward virtually S
free fertilizer, depletion of soil organic
matter through the removal of organic
residues from the field and loss of S by
leaching in light textured soils in high rain
fall areas (Islam et al., 2009). Sulphur
deficiency in rice results in a reduction of
growth, physiology, yield and quality
(Jamal et al., 2005). Inadequate supply of S
containing amino acids hampered nitrogen
(N) assimilation resulting N uptake and
translocation are impeded (Badruddin,
1999). Boron (B) is essential for plants, and
B availability in soil and irrigation water is
an important determinant of agricultural
production (Tanaka and Fujiwara, 2007). It
is responsible for better pollination, seed
setting and grain formation in different rice
varieties (Rehman et al., 2012), making it
more important during the reproductive
stage as compared to the vegetative stage of
the crop. Boron is directly or indirectly
involved in several physiological and bio-
chemical processes during plant growth. It
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is involved in the synthesis and metabolism
of protein, maintaining the correct water
relations within the plant, synthesis of
adenosine triphosphate (ATP),
translocation of sugar, fruiting process,
growth of pollen tube and development of
the flowering and fruiting stages (Bolanos
et al., 2004). Boron has been reported to be
deficient in some soil and approximately,
one million hectare of cultivable land in
Bangladesh is suspected to have boron
deficiency problem (Jahiruddin et al.,
1995). B deficiency at the panicle initiation
stage may lead to failure in panicle
formation (Dobbermann and Fairhurst,
2000), and failure to produce viable seeds,
and reduced rice productivity (David et al.,
2005; Amer et al., 2020; Hanifuzzaman et
al., 2022).

Application of S and B significantly
increased the productivity of different crops
like mungbean (Islam et al., 2017a, 2017b;
Deep et al.,, 2022), soybean (Das et al.,
2022), sesame (Islam et al., 2019), mustard
(Basumatary et al., 2022), etc. Keeping this
in view, the present investigation was
carried out with to study the effect of
sulphur and boron on sterility status, and
yield of rice (BRRI dhan28) as well as
agronomic efficiency and economic benefit
of S and B.

2. Materials and Methods
2.1. Location and duration

To investigate the effect of sulphur and
boron on the spikelet sterility and yield of
boro rice (BRRI dhan28), an experiment
was conducted at the Department of Crop
Science and Technology, University of
Rajshahi, Bangladesh. The experimental
site is located at 24°22' N latitude and
88°38' E longitude with an elevation of 20
meter above the sea level. The experimental
area belongs to High Ganges River
Floodplain under Agro-Ecological Zone-11
(AEZ-11). The experiment was carried out
during November 2015 to April 2016.

2.2. Soil characteristics

The soil of the experimental side was
silty clay and calcareous dark grey
floodplain (FAO and UNDP, 1988), having
pH value of 8.4, low in organic matter
content (1.25%). The soil of the
experimental sites was analyzed before
experimentation. The total soil nitrogen (N)
was 0.10%, indicating a deficiency in soil
N. Soil available P, S, B, and Zn were 16.2,
12.5, 0.23, and 0.11 ppm and available K,
Ca, and Mg were 0.57, 15.35, and 4.30 meq
100g™! soil, respectively. Based on the
critical levels of these plant nutrients, N, S,
and Zn were very low, P, K, and B were
low; but Mg and Ca were optimum level.
The  physiological and  chemical
characteristics of the field soil have been
presented in Table 1.

2.3. Climate and weather

The research work was conducted during
Boro season (November to April). The
experimental area possesses subtropical
climatic = condition. The means of
methodological information, like relative
humidity, maximum temperature, minimum
temperature and average temperature,
rainfall of the experimental site during the
crop growing period are presented in Figure
1.

2.4. Experimental design and layout

The experiment was consisted with two
factors namely factor A: three levels of
sulphur viz., i) So: 0 kg S ha’, ii) S20: 20 kg
S ha! and iii) S30: 30 kg S ha!, and factor
B: three levels of boron viz. 1) Bo: 0 kg B ha
1,ii) B2: 2 kg B ha! and iii) B3: 3 kg B ha™..
It was laid out in a Randomized Complete
Block Design (RCBD) with three
replications. Each block was divided into
nine unit plots where nine treatment
combinations were allocated at random.
Therefore, the total number of plots of this
experiment was 27. The size of unit plot was
40mx25m
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Table 1. Physical and chemical characteristics of experimental initial field soil

Properties Critical Value Extraction methods
value

Sand (%) - 20.8 -

Silt (%) - 60.3 -

Clay (%) - 20.9 -

Textural class - Silty clay Hydrometer method (Black, 1965).

loam Determined by Marshall’s triangular coordinates by

Soil pH (1:1.25, Soil:H,0) - 8.4 Glass-electrode pH meter with 1:1.25 soil-water ratio
(Page et al., 1982).

Organic matter (%) - 1.25 Wet oxidation method (Black, 1965). Calculated by
Van Bemmelen factor 1.73 (Piper, 2019).

Total nitrogen (%) 0.10 0.10 (VL) Micro-Kjeldahl method (Bremner and Mulvaney,
1982).

Available phosphorus (ppm) 10.00 16.2 (L) Molybdate blue ascorbic acid (Bray and Kurtz, 1945).

Available sulphur (ppm) 10.00 12.5 (VL) Turbidity method using BaCl, (Fox et al., 1964).

Available zinc (ppm) 0.60 0.11 (VL) Atomic Absorption Spectrophotometer (Lindsay and
Norvell, 1978).

Available boron (ppm) 0.20 0.23 (L) Calcium chloride extraction method (Page et al.,
1982).

Exchangeable potassium (meq 0.12 0.57 (L) Determined by Flame photometer

100g™")

Exchangeable magnesium (meq 0.50 4.30 (OP) Extractable method (Hunter, 1974).

100g™")

Exchangeable calcium (meq 100g™) 2.00 15.35(0OP) Atomic absorption spectrophotometer (Knudsen et

al., 1982)

Source: Soil Resource and Development Institute (SRDI), Regional Centre Rajshahi, Here, according to BARC (2012), VL = Very low, L = Low, M =

Medium, OP = Optimum.
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Figure 1. Monthly average temperature (minimum, maximum, and average), relative humidity (%), and rainfall (mm)

2.5. Test crop

BRRI dhan28, a high yielding variety of
boro rice was used as the test crop in this

during the experiment

experiment. It is a popular variety of boro
rice. Bangladesh Rice Research Institute
(BRRI), Joydebpur, Gazipur, Bangladesh
developed was this variety in 1994. The
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plant grows up to 90 cm height. Seed to seed
duration is 140 days. The appropriate time
for seed sowing is mid-December to 1st
week of January and transplanting should
be done within 20 January to 25 January.
The variety is harvested from 1-25 May and
approximate yield is 5.5-6.0 t ha! (BRRI,
2010).

2.6. Crop management

2.6.1. Seed collection, sprouting, nursery
bed preparation and sowing

Seeds of BRRI dhan28 were collected
from Genetic Resource and Seed Division,
BRRI, Joydebpur, Gazipur, Bangladesh.
Seeds were immersed into water in a bucket
for 24 hours, then taken out of water, and
kept tightly in gunny bags for 48 hours to
sprout the seeds properly. The nursery bed
was prepared by puddling with repeated
ploughing followed by laddering. Sprouted
seeds weeds were broadcasted in the bed,
and special cares were followed by
providing irrigation and weeding for raising
healthy seedlings in the seedbed.

2.6.2. Preparation of experimental land,
and uprooting and transplanting of
seedlings

The experimental field was prepared by
three successive ploughings and cross
ploughings with a tractor plough and
subsequently leveled by laddering. The
experimental plots were fertilized with
recommended doses of 220, 80, 120, 100
and 5 kg ha were applied as a source of
urea, TSP, MoP, gypsum, and zinc sulphate,
respectively.

The entire amounts of triple super
phosphate, muriate of potash, gypsum and
zinc sulphate were applied as basal dose at
final land preparation. Urea was applied as
per the treatments in three equal
installments. The first dose of urea was
applied after seedling recovery, second
during the vegetation stage i.e. 35 days of
after transplanting (DAT), and third at 7
days before panicle initiation (BRRI, 2010).

The seedlings of 35 days old were uprooted
carefully from the nursery bed, and
transplanted with 25 cm X 15 cm spacing on
the well-puddled plots.

2.6.3. Intercultural operations

Gap filling was done as and where
necessary using the seedling from the
previous source. The crop was infested with
some weeds during the early stage of crop
establishment. Two hand weedings were
done at 20 DAT followed by second
weeding at 15 days after first weeding.
Irrigation water was added to each plot
according to the need.

All the plots were kept irrigated
maintaining 3-5 c¢m stagnant water
throughout the entire period up to 15 days
before harvesting. Plants were infested with
rice stem borer (Scirphophaga incertolus)
and leaf hopper (Nephotettix nigropictus)
which were controlled by applying
Diazinon @ 10 ml/10 liter of water for 5
decimal lands when needed.

2.6.4. Harvesting
operations

and post-harvest

The crop was harvested when 90% of the
grains become golden yellow in color. Ten
pre-selected hills plot! from which
different crop growth data were collected,
and 5 m? areas from middle portion of each
plot was separately harvested and bundled,
properly tagged and then brought to the
threshing floor for recording grain and
straw yield. Threshing was done using by
pedal thresher. The grains were cleaned and
sun dried to moisture content of about 12%.
Straw was also sun dried properly. Finally
grain and straw yields plot! were recorded
and converted to t ha™'.

2.7. Data collection

Five hills were randomly selected from
each plot at maturity to record the yield
contributing characters like number of
effective tillers hill"!, panicle length,
number of grains panicle'l, number of
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fertile and sterile grains panicle™!, and 1000-
grains weight were measured.

2.7.1 Sterility percentage

Filled and unfilled (sterile) grains were

counted separately from the selected
panicles, and spikelet sterility percentage
was calculated by using the following
formula (Islam et al., 2021).

Number of sterile spikelets panicle™

Spikelet sterility percentage =------------cee-ee-v

x 100

Total number of spikelets panicle! (filled + non-filled grains)

2.7.2 Agronomic Efficiency (AE)
Calculation of AE was done by using the

following formulae developed by Shah et
al. (2001).

AE of N fertilizer (AE) = GYNA-GYNO/NR

Where, GYNA= Grain yield (kg ha') with addition of nutrient,
GYNO= Grain yield (kg ha™!) without addition of nutrient,
NR= Rate of added nutrient (kg ha™!).

2.7.3 Economic analysis

A partial budget analysis was done to
calculate the changes of benefit for a
proposed change in the farm input and
operation. It is useful to think of partial

budgeting as a type of marginal analysis as
it is the best adapted to analyzing relatively
small changes in the whole farm plan (Kay,
1981). To compare the different treatments
combination with one control treatment the
following equation was applied.

Gross return (T1) — Gross return (To)

MBCR (over control) =

VC (Ti) — VC (To)

Where, Ti=T2, T3, ....... To, T1o

T1 = Control treatment

VC= Variable cost

Gross return = Yield x Price

2.8. Statistical analysis

All the collected data were analyzed
following the analysis of variance
(ANOVA) technique and mean differences
were adjudged by Duncan's Multiple Range
Test (DMRT) (Gomez and Gomez, 1984)

using a computer operated program namely,
MSTATC.

3. Results and Discussion
3.1. Sterility percentage
The sterility percentage (SP) of rice grain
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is an important yield parameter which
directly associated with the grain yield.
Application of S and B significantly
influenced the SP of rice (BRRI dhan28).
The SP reduced to 22.92% from 31.28%
with the addition of S, while the value
reduced to 23.68% with the addition of B in
rice field. The lowest SP (15.34%) was
recorded at S2B2 treatment which was at par
with S2B1 treatment (15.47%). Both
fertilizers individually or in combination
remarkably reduced the SP in this study.

35 = SO 520

31.28

Sterility percentage

3]

These results were adheres to the findings
of Inal et al. (2004) who reported that S
fertilization decreased the SP of wheat. The
results of the effect of boron are in
agreement with the findings of Subedi and
Budhathoki (1995) and Subedi et al. (1997),
who reported that B significantly reduced
the SP of rice. Micronutrients like zinc
plays an important role on the SP of rice,
and SP significantly reduced with the
addition of zinc fertilization in rice (Islam et
al., 2021).
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Figure 2. Effect of S and B on the sterility percentage of rice (BRRI dhan28)

3.2. Grain and straw yield

The grain yield was significantly
influenced by the application of S and B
(Table 3). The grain yield varied from 3. 30
to 4.80 t ha!, and 3.72 to 4.84 due to t ha’!
due to S and B fertilization, respectively. S
and B fertilization increased the grain yield
over control by 32.42 to 45.45%, and 25.00
to 30.11%, respectively. The highest grain
yield was achieved in S20 over So and Sao,
and this might be due to higher production
of effective tillers hill'! and increased
number of grains panicle™. Application of S
significantly increased the grain yield as
reported by many researchers (Mondal et
al., 2004; Saha et al., 2007; Rahman et al.,
2008; Singh et al., 2012; Ram et al., 2014).

It has been reported earlier that application
of 20kg S ha™! increased grain yield of BR11
rice by 34% (Islam et al., 1997). The grain
yield of BRRI dhan28 due to application of
B followed the similar trend as like S.
Application of B  fertilizer with
recommended doses of other fertilizers
significantly increased the yield attributes
and yield of rice (Amin et al., 2004). Boron
enhanced the fertilization of cereals and
oilseeds and reduced the sterility of
reproductive organ by enhancing the
pollination by creating the stigma receptive
and sticky that helps in grain fertility as well
as increased the number of grains per
panicle increased due to reduction of flower
sterility (Garg et al., 1979), which might
have upsurge the grain yield of rice. The
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increasing evidence of rice grain yield
through B fertilization has been reported by
David et al. (2005), Hussain et al. (2012),
Shukla et al. (2020), and Phonglosa et al.
(2018). In earlier study, Singh et al. (1990)
also reported that application of B in rice
field increased the grain yield by 31% over
without B. In many studies reported that B
application in rice crop resulted in increased

rice grain yield due to number of grains per
panicle (Lin and Zhu, 2000; Ramanathan et
al., 2002), reduced panicle sterility (Jana et
al., 2005; Rashid, 2006) and higher grain
filling (Rashid et al., 2004). Nonetheless,
combined application of S and B in addition
of N, P, K, and Zn significantly increased
the grain yield of rice cv. BRRI dhan30
(Afroz, 2011).

Table 2. Effect of S and B on the grain, straw and biological yield, and harvest index of rice

(BRRI dhan28)
Treauments | ORI YIEd | % Herease £ Suaw yield (¢ hat| BIOI0giea] vield | Harves index
S levels
So 3.30b _ 479b 8.09 b 40.79 b
S20 4.80 a 45 .45 5.71 a 10.51 a 45.67 a
S30 437 a 32.42 5.48a 9.85a 44.36 a
LSD (0.05) 0.672 0.642 1.038 2.596
CV (%) 8.01 6.92 5.86 4.4
B levels
Bo 3.72b _ 4.61b 8.33b 44.66 b
B2 4.84 a 30.11 543 a 10.27 a 47.13 a
B3 4.65a 25.00 531a 9.96 a 46.69 a
LSD (0.05) 1.367 1.532 2.111 0.955
CV (%) 8.01 6.92 5.86 4.24

There was a significant and positive
effect of S and B on the straw yield of rice
as like grain yield (Table 2). The highest
straw yield (5.71 t ha™') was noticed from S
(20 kg S t ha'l) treatment which was
statistically identical (5.48 t ha™!) with S»
(30 kg S t ha'!), and the lowest straw yield
(4.79 t ha™') was recorded from So (control)
treatment. On the other hand, B also
remarkably increased the straw yield of rice
but no statistical difference was recorded B
and B2 treatment. The result obtained in the
straw yield is in accordance with the
findings of Afroz (2011) concluded that
combined application of S and B along with
N, P and K increased the straw yield of rice.
Similar result was obtained by Shah et al.
(2009). A significant increase in the straw
yield of BR 11 rice due to application of S
was noticed by Islam et al. (1997). There is

increasing evidence that improved biomass
weight through S fertilization along without
B or with B in many crops including rice
(Ziaeyan and Rajaie, 2009; Singh et al.,
2012; Rumi, 2017; Shukla et al., 2020;
Amer et al., 2020; Hanifuzzaman et al.,
2022), mungbean (Islam et al., 2017a,
2017b; Deep et al, 2022), mustard
(Basumatary et al., 2022), soybean (Das et
al., 2022), and sesame (Islam et al., 2019).
Boron application in rice-wheat cropping
system significantly increased the straw
yield of rice (Rahmatullah et al., 2006).

3.3. Relationship between grain and yield
attributes

3.3.1. Grain yield and effective tiller hill!

A direct significant and positive
relationship between the grain yield and
effective tillers hill"! was observed of BRRI
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dhan28 which has been confirmed with
correlation co-efficient R? = 0.906* (Figure
3). The line regression of Y (grain yield) on
X (panicle length) having equation Y =
2.328 X + 15.15 which show gradual
increase in grain yield with the increase of

effective tillers hill"!. Similar result was
observed by Afroz (2011) with the
application of S and B in BRRI dhan30. The
findings of this character agree with the
result obtained by Shah et al. (2009).

/

y = 2,3283x + 15,157

(" Number of effective tillers hill-

R2 = 0,9069
A

Grain yield (t ha'') J

Figure 3. Relationship between grain yield and number of effective tiller hill"! of BRRI dhan28 under different levels
of S and B fertilization

3.3.2. Grain yield and panicle length

There was a significant and positive
relationship between the grain yield and
panicle length of BRRI dhan28 has been
found out. The correlation co-efficient (R?
=0.857*) was significant at 5% level of
probability. The relationship was more
evident when the equation Y =2.270 X +
14.19 is shown in Fig. 4. The positive
gradient indicates that the grain yield and

panicle length is directly correlated i.e. the
grain yield is increased with the increment
of the panicle length. This result is in
agreement with the findings of Afroz (2011)
who  reported  significant  positive
correlation with the addition of S and B in
BRRI dhan30. Rahman et al. (2007)
reported that the grain yield increased with
the increase of panicle length of BRRI
dhan29 under S fertilized condition.
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Figure 4. Relationship between grain yield and panicle length of BRRI dhan28 under different levels of S and B
fertilization

3.3.3. Grain yield and weight of 1000-
grains

The relationship between the grain yield
and weight of 1000-grains of rice cv. BRRI
dhan28 was positively correlated, and the
correlation coefficient R*= 0.803* indicates
strong  relationship  (Fig. 5). The
relationship was more evident when the
equation Y = 1.875X + 16.93 which shows

that the grain yield gradually increased with
the increase of weight of 1000-grains i.e.
increase in grain yield result in increase in
S and B levels, and vise-versa. Similar
result was also noticed by Afroz (2011) in
BRRI dhan30, Rahman et al. (2007) in
BRRI dhan29. Hasegawa (2003) reported
positive correlation between 1000-grain
weight and grain yield of rice.

4 N
y =1,8756x + 16,939
R2 =0,803
3
o
7]
3
B
'Y
o
o
o
Grain yield (t ha'!)
- J

Figure 5. Relationship between grain yield and 1000-grains weight of BRRI dhan28 under different levels of S and B
fertilization
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3.3.4. Grain yield and sterility percentage

There is a direct significant and negative
relationship between the grain yield and
sterility percentage of rice cv. BRRI dhan28
which have been confirmed with correlation
co-efficient r = 0.566* (Fig. 6). The
relationship was more evident when the
equation Y = -3.525 X + 36.69 which
indicates gradual reduction of grain weight
with the increment of sterility percentage in
BRRI dhan28. A similar conclusion was

drawn by Islam et al. (2021) who reported
that the grain yield gradually decreased with
increase of sterility percentage under
addition of zinc micronutrient. Spikelet
sterility had significant negative association
with the grain yield (Fageria et al., 2013). In
another previous study, Fageria et al. (2004)
reported significant negative association
between grain yield and spikelet sterility in
upland rice genotypes grown on a Brazilian
Oxisol.

é N
L 4

o

-

..g y = -3,5254x + 36,699

8 R2=0,5668

]

o

Z y = -3,5254x + 36,699

5 R2=0,5668

&
\_ Grain yield (t ha') )

Figure 6. Relationship between grain yield and sterility of BRRI dhan28 under different levels of S and B
fertilization

3.3.5. Agronomic efficiency

Agronomic efficiency (AE) determines
the strength of certain inputs on per unit
basis in quantitative terms (Tandon, 1987).
AE is achieved by the yield gained over
control per unit of added input (fertilizer)
that reflects the competence of an input.
However, sulphur use efficiency (SUE) was
substantially influenced by application of
different levels of S (Table 3).

Generally, the SUE increased up to a
certain level S and thereafter decreased with
the increase of S levels. Higher value of
SUE (78%) was recorded in S20 and the
lower value (36%) in S3o. Higher value of
SUE with the lower level of S application
might be the results of intense competition
of root and efficient S uptake. On the other

hand, the lower value of SUE with higher S
fertilized soil this might be due to smaller
proportion of applied S is taken up by plants
and the rest part of available S might be lost
via leaching or other pathways. The SUE
depends on the S dose, fertilizer source and
the application time (Aula et al., 2019). S
becomes available to make it more effective
when applied at right dose and right time
(Chien etal., 2011). Higher AE indicates
that the application of nutrients minimizes
the loss as well as properly uses that results
in increased grain yield of rice (Table 2) as
compared to control treatment.

Eriksen (2009) reported that the SUE is
nearly 25% for agricultural crops. The
average SUE is 34.2% in rice when the
application rate of S is 15-45 kg ha™!,
whereas the SUE value is 29.8% when the

228


https://www.sciencedirect.com/science/article/pii/S240584402032569X#tbl4
https://www.sciencedirect.com/science/article/pii/S240584402032569X#bib2
https://www.sciencedirect.com/science/article/pii/S240584402032569X#bib7
https://www.sciencedirect.com/science/article/pii/S240584402032569X#bib14

Bari et al.

S rates is 45 kg ha! (Singh Shivay et al., control but no significant difference of BUE
2014). The higher SUE in our study was was observed between B2 and B3 that means
observed which might be due to crop and  AE of boron fertilization between two and
site specificity of SUE (Aula et al., 2019). three kg of boron application was
Application B tremendously increased the statistically analogous.

grain yield boron use efficiency (BUE) over

Table 3. Agronomic efficiency of S and B for growing BRRI dhan28 under S and B fertilization

| Treamens | GYNA(Kgha) |  GYNO (Kgha?) NR (Kg ha') AE of fertilizer (%)
S levels
So 3300 3300 0
Sa0 4860 3300 20 78 a
S30 4370 3300 30 36D
LSD (0.05)
CV (%)
B levels
By 3720 3720 0
B, 4840 3720 2 560 a
B; 4650 3720 3 465 a
LSD (0.05) _ } - 2.351
CV (%) - - - 4121
GYNA= Grain yield (kg ha') with addition of nutrient, GYNO= Grain yield (kg ha™') without addition of nutrient, NR= Rate of added nutrient (kg ha™)
3.5. Economic analysis were GR (Tk. 145,200), GM (Tk. 144,700),

MGM (Tk. 33100) and MBCR (66.2). The
results revealed that the S was more
responsive than B fertilization. Our results
are certified by Chowdhury et al. (2020),
and Tarafder et al. (2020) who reported that
application of inorganic S fertilizer
significantly increased the GR, GM and
BCR in crops. Hussain et al. (2012)
concluded that B fertilization increased the

The economic performance of S and B
fertilization was evaluated in this study
(Table 4). The outcome revealed that S and
B fertilizer application showed superior
performance regarding gross return (GR),
gross margin (GM), marginal gross margin
(MGM) and marginal benefit cost ratio
(MBCR) over their corresponding control
treatment. However, the highest values of .. . .
GR (Tk. 145.800). GM (Tk. 129.600). net economic income and ratio of benefit to

MGM (Tk. 45800) and MBCR (45.8) were cost compared to control treatment. The
recorded ait Sy treatment. On tlie other  Yesultsindicated that application of S (20 kg

-1 1y e . .
hand, application of B @2kg ha™! the values ha”) an.d B (20kg ha”) is highly profitable
to the rice growers.
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Table 4. Economic analysis of sulphur and boron fertilization on rice (BRRI dhan28) production

GR TVC GM MGM MBCR
Treatments (Tk ha'h) (Tk ha™) (Tk ha™) (Tk ha™")
1 2 3=(1-2) 4=(3-T1) 5=(4/2)
So 99000 - 99000 - -
S20 145800 1000 144800 45800 45.8
S30 131100 1500 129600 30600 20.4
Bo 111600 - 111600 - -
B2 145200 500 144700 33100 66.2
B3 139500 750 138750 27150 36.2

GR: Gross return, TVC: Total variable cost; GM: Gross margin, MGM: Marginal gross margin, MBCR: Marginal benefit cost ratio, Gypsum fertilizer

@50 Tk kg™, Boric acid @ 250 Tk kg! Rice @ 30.0 Tk kg™!

4. Conclusion

The overall results indicated that
application of S and B significantly
influenced the sterility percentage, grain
yield, biomass yield, harvest index,
agronomic efficiency and economic
aspects. The effect of S was especially
remarkable over B for achieving higher
yield of BRRI dhan28 and in the economic
point of view. Addition of S @20kg ha™! and
B @ 2 kg ha! showed the best results of the
aforesaid parameters. Overall, combined
application of S and B is advocated for
increasing rice yield, agronomic efficiency
and maximizing the net economic returns of
BRRI dhan28.
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